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(57) ABSTRACT 

A system for Supporting a notification capability for a plural 
ity of applications utilizing a next generation network having 
a network layer includes an application services middleware 
between the applications and the network layer comprising a 
plurality of common infrastructure elements usable by the 
applications. The common infrastructure elements provide 
both services associated with use of the network and services 
that are not associated with use of the network. The plurality 
of common infrastructure elements includes a notification 
service that is configured to facilitate the sending of messages 
from authorized services to recipients. 
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APPLICATION SERVICES 
INFRASTRUCTURE FOR NEXT 

GENERATION NETWORKS INCLUDING A 
NOTIFICATION CAPABILITY AND RELATED 
METHODS AND COMPUTER PROGRAM 

PRODUCTS 

RELATED APPLICATION 

0001. This application claims the benefit of and priority to 
U.S. Provisional Patent Application No. 60/856,617, filed 
Nov. 3, 2006, the disclosure of which is hereby incorporated 
herein by reference as if set forth in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to commu 
nication networks, and, more particularly, to next generation 
networks. 

BACKGROUND OF THE INVENTION 

0003) Next generation network (NGN) denotes the fully 
converged network of the future that provides advanced ser 
vices of many kinds with many modalities (voice, video, data, 
signaling/control, management, connectivity, etc.). At the 
connectivity level. NGN may resemble the Internet with one 
difference: It may be like the Internet in its ubiquity, in the use 
of different continuously evolving access and backbone tech 
nologies, and in its universal use of the Internet Protocol 
(currently IPv4 evolving to IPv6) at the network layer. NGN 
connectivity, however, may be fundamentally different from 
the current Internet in that it may be quality-of-service (QoS) 
enabled, and may ultimately support QoS on demand. Quality 
of service is used in its broadest sense to include bandwidth, 
delay, delay variation (jitter) and other relevant metrics. Con 
nectivity in NGN may be realized through multiple intercon 
nected infrastructures, both access and backbone, operated 
within distinct administrative domains by different facility 
based network service providers (NSPs). 
0004. Using the connectivity infrastructure of NGN may 
be an ever expanding set of Sophisticated “applications.” 
Rudimentary forms of Some of these applications are cur 
rently provided by the Internet. These early services range 
from communication applications (e.g., email, IM, VoIP) to 
entertainment services that involve content delivery (e.g., 
music on demand, low quality video on demand, gaming) to 
a vast array of data and information services (e.g., browsing, 
searching, E-commerce, information retrieval, Software dis 
tribution). Because the current Internet is not QoS-enabled, 
these services are typically provided on a best-effort basis, 
often with inconsistent or unpredictable quality and end-user 
experience. Furthermore, most applications today are 
"atomic’ in nature, each offered independently on its own, 
typically with its own interface and other ancillary features 
like authentication and/or authorization. NGN may begin to 
change this paradigm first by enabling the applications to use 
the on-demand QoS capabilities of the underlying connectiv 
ity network to provide a much richer and more consistent user 
experience. More significantly, however, applications may 
progressively lose their atomic nature and may become 
increasingly more intertwined and composite, and hence 
more useful to the end user. Thus one may be able to invoke 
feature-rich multi-modal communication capabilities with 
information sharing, multimedia conferencing with elaborate 
collaboration features, multi-player gaming with advanced 
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real-time communication enhancements, E-commerce com 
bined with information and communication features that 
relate to product marketing and Support, and education and 
training services that will virtually erase distance barriers by 
providing near-presence experience. NGN applications may 
also incorporate more unified and holistic interface and Sup 
port capabilities like single sign-on, management of user 
profile, presence, availability, and seamless mobility in ways 
that may not have been possible in the past. 
0005. The current paradigm of IP application develop 
ment basically treats the Internet (and Subtending intranets) 
as a ubiquitous connectivity infrastructure and designs and 
implements each application at its edge in an autonomous 
manner, complete with all the Supporting capabilities that the 
application needs. In this paradigm, the degree of conver 
gence has advanced to encompass ubiquitous IP connectivity, 
in contrast to the older paradigm in which different types of 
applications would use their own connectivity infrastructure 
(voice telephony on wired and wireless circuit switched net 
works, video on DBS and HFC infrastructures, email/IM and 
information services on the Internet, signaling and control on 
SS7, etc.). A large set of today's applications are developed 
and offered by entities that do not own a connectivity infra 
structure (e.g., Microsoft, AOL) and just use the public Inter 
net as a common best-effort connectionless delivery mecha 
nism. This architecture is depicted, for example, in FIG. 1 
where the application layer is decomposed into a collection of 
more or less independent application stacks. The collection of 
shapes in each application stack represents a set of supporting 
capabilities needed by the application for its proper function 
ing. As graphically depicted in FIG. 1, many of these Support 
ing capabilities are common across different applications. 
0006. Just as the IP connectivity network may undergo 
fundamental changes to support QoS on demand, so may the 
application layer architecture to enable rapid, cost effective 
rollout of Sophisticated next generation application services. 

SUMMARY 

0007 According to some embodiments of the present 
invention, a system for Supporting a notification capability for 
a plurality of applications utilizing a next generation network 
having a network layer includes an application services 
middleware between the applications and the network layer 
comprising a plurality of common infrastructure elements 
usable by the applications. The common infrastructure ele 
ments provide both services associated with use of the net 
work and services that are not associated with use of the 
network. The plurality of common infrastructure elements 
includes a notification service that is configured to facilitate 
the sending of messages from authorized services to recipi 
entS. 

0008. In other embodiments, the notification service is an 
Internet Protocol (IP) Multimedia Subsystem (IMS) network 
element. 
0009. In still other embodiments, the notification service 
includes a notification server that is configured to receive the 
messages from the authorized services for delivery to the 
recipients and to send the messages to the recipients, an IMS 
Serving Call Session Control Function (S-CSCF) that is con 
figured to maintain session state information between the 
notification server and the authorized services and between 
the notification server and the recipients, and a Home Sub 
scriber Server (HSS) that is configured to store recipient 
profile and preference data. 
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0010. In still other embodiments, the notification server is 
configured to send the notification messages to the recipients 
on demand, at a specific future time, and/or on a periodic 
schedule. 
0011. In still other embodiments, the notification server is 
configured to retrieve profile and preference data from the 
HSS for the recipients. The notification server is configured to 
apply rules to the profile and preference data to determine 
how to send the messages to the recipients and/or to deter 
mine when to send the messages to the recipients. 
0012. In still other embodiments, the plurality of common 
infrastructure elements further includes a mobility manage 
ment service, a presence service, and/or a location service. 
The notification server is further configured to send a message 
to at least one of the recipients based on a location of the at 
least one of recipients and/or based on an identity of the 
authorized service that is the source of the message to the at 
least one of the recipients. 
0013 Instill other embodiments, the plurality of common 
infrastructure elements further includes an authentication ser 
Vice that is configured to ensure that communication between 
the notification server and the authorized services and 
between the notification server and the recipients is secure. 
0014. In still other embodiments, the notification server is 
further configured to send a confirmation to at least one of the 
authorized services when one of the messages for which the at 
least one of the authorized services is the source is delivered. 
0015. In still other embodiments, the IMS includes a Mul 
timedia Resource Function (MRF) that is configured to per 
form content adaptation for at least one of the messages. 
0016. In still other embodiments, the authorized services 
include at least one of the plurality of applications and/or a 
subscriber device registered with the IMS. 
0017. In still other embodiments, the notification service 

is a 3GPP network push service element. 
0018. In still other embodiments, a computer program 
product includes a computer readable medium having com 
puter readable program code embodied therein. The com 
puter readable program code includes computer readable pro 
gram code configured to provide an application services 
middleware as recited above. 
0019. In further embodiments of the present invention, a 
notification service is provide by providing an application 
services middleware between a plurality of applications and a 
network layer of a next generation network. The application 
services middleware includes a plurality of common infra 
structure elements usable by the different applications. The 
common infrastructure elements provide both services asso 
ciated with use of the network and services that are not asso 
ciated with use of the network. A notification service is incor 
porated into the application services middleware as a 
common infrastructure element. The notification service is 
configured to facilitate the sending of messages from autho 
rized services to recipients. 
0020 Instill further embodiments, the notification service 

is an Internet Protocol (IP) Multimedia Subsystem (IMS) 
network element. 
0021. In still further embodiments, the method further 
includes receiving at the notification service a message from 
one of the authorized services for delivery to one of the 
recipients, retrieving profile and preference data from a Home 
Subscriber Server (HSS) for the one of the recipients, apply 
ing rules to the profile and preference data at the notification 
service to determine how to send the message from one of the 
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authorized services to the one of the recipients and/or to 
determine when to send the message from one of the autho 
rized services to the one of the recipients, and sending the 
message from one of the authorized services to the one of the 
recipients. 
0022. In still further embodiments, applying the rules 
includes applying rules to the profile and preference data at 
the notification service to determine whether to send the 
message from one of the authorized services to one of the 
recipients on demand, at a specific future time, and/or on a 
periodic schedule. 
0023. In still further embodiments, sending the message 
includes sending the message from one of the authorized 
services to the one of the recipients based on a location of the 
one of the recipients and/or based on an identity of the one of 
the authorized services. 
0024. In still further embodiments, the method further 
includes sending a confirmation to the one of the authorized 
services when the message to the one of the recipients is 
delivered. 
0025 Instill further embodiments, the authorized services 
include at least one of the plurality of applications and/or a 
subscriber device registered with the IMS. 
0026. In still further embodiments, a computer program 
product includes a computer readable medium having com 
puter readable program code embodied therein. The com 
puter readable program code includes computer readable pro 
gram code configured to carry out the method(s) as recited 
above. 
0027. Other systems, methods, and/or computer program 
products according to embodiments of the invention will be 
or become apparent to one with skill in the art upon review of 
the following drawings and detailed description. It is intended 
that all Such additional systems, methods, and/or computer 
program products be included within this description, be 
within the scope of the present invention, and be protected by 
the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. Other features of the present invention will be more 
readily understood from the following detailed description of 
exemplary embodiments thereof when read in conjunction 
with the accompanying drawings, in which: 
0029 FIG. 1 is a diagram of conventional application 
development using a “silo' approach in which each applica 
tion uses its own version of logic elements that are service 
independent; 
0030 FIG. 2 is a diagram of an ASI-based alternative to 
the silo model in accordance with some embodiments of the 
present invention; 
0031 FIG. 3 is a diagram that illustrates components of 
next generation networks in accordance with some embodi 
ments of the present invention; 
0032 FIG. 4 is a diagram of a next generation network 
incorporating an ASI/Middle layer in accordance with some 
embodiments of the present invention: 
0033 FIG. 5 is a diagram of a next generation network 
incorporating an ASI/Middle layer that includes IMS ele 
ments in accordance with Some embodiments of the present 
invention; 
0034 FIG. 6 is a diagram of the OSA/Parlay architecture; 
0035 FIG. 7 is a diagram of Call Session Control Func 
tion/Application Server interaction in accordance with some 
embodiments of the present invention: 
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0036 FIG. 8 is a diagram of an ASI Session Service Class 
model in accordance with some embodiments of the present 
invention; 
0037 FIG.9 is a block diagram of an IMS Mobility Man 
ager in accordance with Some embodiments of the present 
invention; 
0038 FIGS. 10 and 11 are block diagrams of Presence and 
Availability Management models in accordance with some 
embodiments of the present invention: 
0039 FIG. 12 is a block diagram that illustrates an IMS 
Presence Architecture inaccordance with some embodiments 
of the present invention. 
0040 FIG. 13 is a flow diagram that illustrates updating 
IMS-based presence in accordance with some embodiments 
of the present invention; 
0041 FIG. 14 is a flow diagram that illustrates subscribing 
to presence information in accordance with some embodi 
ments of the present invention; 
0042 FIG. 15 is a flow diagram that illustrates notifying 
the watcher about changes in presence information in accor 
dance with Some embodiments of the present invention; 
0043 FIG. 16 is a block diagram that illustrates an ASI 
Presence Service Class model in accordance with some 
embodiments of the present invention: 
0044 FIG. 17 is a block diagram that illustrates operations 
of the Home Subscriber Server for managing User Profile 
information in accordance with Some embodiments of the 
present invention; 
004.5 FIG. 18 is a block diagram that illustrates a Generic 
User Profile Reference architecture in accordance with some 
embodiments of the present invention: 
0046 FIG. 19 is a diagram that illustrates a Multimedia 
Resource Function in accordance with some embodiments of 
the present invention; 
0047 FIG. 20 is a block diagram that illustrates a Push 
Service Architecture in accordance with some embodiments 
of the present invention; 
0048 FIG. 21 is a block diagram that illustrates network 
elements and interfaces for supporting Push over IMS in 
accordance with some embodiments of the present invention; 
0049 FIG. 22 is a block diagram that illustrates an ASI 
Notification Service Class model in accordance with some 
embodiments of the present invention: 
0050 FIG. 23 is a block diagram of a communication 
network that is configured to provide notification service in 
accordance with some embodiments of the present invention; 
0051 FIG. 24 is a block diagram that illustrates the ASI 
Notification server and elements of the IMS network of FIG. 
23 in accordance with some embodiments of the present 
invention; 
0052 FIG. 25 is a block diagram that illustrates an exem 
plary software architecture for the ASI Notification server of 
FIGS. 23 and 24 inaccordance with some embodiments of the 
present invention; 
0053 FIG. 26 is a block diagram that illustrates a client 
terminal of FIG. 23 and FIG. 24 in accordance with some 
embodiments of the present invention: 
0054 FIG. 27 is a flowchart that illustrates operations for 
providing a notification service in accordance with some 
embodiments of the present invention: 
0055 FIG. 28 is a diagram that illustrates LCS access 
interfaces and reference points in accordance with some 
embodiments of the present invention: 
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0056 FIG. 29 is as block diagram that illustrates opera 
tions of the Mobile Location Protocol in accordance with 
Some embodiments of the present invention; 
0057 FIG. 30 is a block diagram that illustrates an LCS 
logical architecture in accordance with some embodiments of 
the present invention 
0.058 FIG. 31 is a flow diagram that illustrates operations 
for obtaining location data from a User Entity in accordance 
with Some embodiments of the present invention; and 
0059 FIG. 32 is a block diagram of an IP network incor 
porating QoS functionality in accordance with some embodi 
ments of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

0060. While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments thereof 
are shown by way of example in the drawings and will herein 
be described in detail. It should be understood, however, that 
there is no intent to limit the invention to the particular forms 
disclosed, but on the contrary, the invention is to cover all 
modifications, equivalents, and alternatives falling within the 
spirit and Scope of the invention as defined by the claims. Like 
reference numbers signify like elements throughout the 
description of the figures. 
0061. As used herein, the singular forms “a,” “an,” and 
“the are intended to include the plural forms as well, unless 
expressly stated otherwise. It should be further understood 
that the terms "comprises” and/or “comprising when used in 
this specification is taken to specify the presence of stated 
features, integers, steps, operations, elements, and/or compo 
nents, but does not preclude the presence or addition of one or 
more other features, integers, steps, operations, elements, 
components, and/or groups thereof. It will be understood that 
when an element is referred to as being “connected” or 
“coupled to another element, it can be directly connected or 
coupled to the other element or intervening elements may be 
present. Furthermore, “connected' or “coupled as used 
herein may include wirelessly connected or coupled. As used 
herein, the term “and/or” includes any and all combinations 
of one or more of the associated listed items. 
0062 Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
0063. The present invention may be embodied as systems, 
methods, and/or computer program products. Accordingly, 
the present invention may be embodied in hardware and/or in 
Software (including firmware, resident software, micro-code, 
etc.). Furthermore, the present invention may take the form of 
a computer program product on a computer-usable or com 
puter-readable storage medium having computer-usable or 
computer-readable program code embodied in the medium 
for use by or in connection with an instruction execution 
system. In the context of this document, a computer-usable or 
computer-readable medium may be any medium that can 
contain, store, communicate, propagate, or transport the pro 
gram for use by or in connection with the instruction execu 
tion system, apparatus, or device. 
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0064. The computer-usable or computer-readable 
medium may be, for example but not limited to, an electronic, 
magnetic, optical, electromagnetic, infrared, or semiconduc 
tor System, apparatus, device, or propagation medium. More 
specific examples (a non-exhaustive list) of the computer 
readable medium would include the following: an electrical 
connection having one or more wires, a portable computer 
diskette, a random access memory (RAM), a read-only 
memory (ROM), an erasable programmable read-only 
memory (EPROM or Flash memory), an optical fiber, and a 
portable compact disc read-only memory (CD-ROM). Note 
that the computer-usable or computer-readable medium 
could even be paper or another Suitable medium upon which 
the program is printed, as the program can be electronically 
captured, via, for instance, optical scanning of the paper or 
other medium, then compiled, interpreted, or otherwise pro 
cessed in a suitable manner, if necessary, and then stored in a 
computer memory. 
0065. The following acronyms may be used herein and are 
defined as follows: 

3GPP Third Generation Partnership 
Project 

AW Audio Visual 
AAA Authentication, Authorization, and 

Accounting 
AC Authentication Center 
AGPS Assisted Global Positioning 

System 
AIN Advanced Intelligent Network 
ANSI American National Standards 

Institute 
AOA Angle of Arrival 
AOL America Online 
API Application Program Interface 
AS Application Server 
ASI Application Services Infrastructure 
ASP Application Service Provider 
ATM Asynchronous Transfer Mode 
AUC Authentication Center 
BBUA Back to Back User Agent 
BGCF Breakout Gateway Control 

Function 
BRAS Broadband Remote Access Server 
BSC Base Station Controller 
BTS Base Transceiver Station 
BW Bandwidth 
CAMEL Custom Applications for Mobile 

Network 
Enhanced Logic 

CDR Call Detail Record 
CN Core Network 
CPE Customer Premises Equipment 
CPN Customer Premises Network 
CRM Customer Relationship 

Management 
CS Circuit Switched 
CSCF Call Session Control Function 
DBS Direct Broadcast Service 
DiffServ Differentiated Services 
DMH Dual Mode Handset 
DNS Domain Name Service 
DPE Distributed Processing 

Environment 
DSL Digital Subscriber Loop 
DSLAM Digital Subscriber Line Access 

Multiplex 
EDGE Enhanced Data Rates for Global 

Evolution 
EF Expedited Services 
E-OTD Enhanced Observation Time 

Difference 

ETSI 

FCC 

FIM 
GERAN 

GMLC 
GPRS 
GPS 
GSM 

GTP 
GUP 
GW 
HFC 
HLR 
HSS 
-CSCF 
EEE 

ETF 
FC 

MM 
MPS 

MS 
MSI 

P-CAN 
Pv4 
SC 
SP 

AIN 

LB 
LBS 
LCS 
LD 
LIF 
LMU 
LNP 
MAP 
Mb 
MBMS 

MGCF 
MGW 
MLP 
MPC 
MPLS 
MRF 
MRFC 
MRFP 
MSC 
MSISDN 

NGN 
NSP 
OAM&P 

OMA 
OSA 
PAM 

PC 
P-CSCF 
PDA 
PDSN 
PEC 
PIN 
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-continued 

European Telecommunications 
Standards Institute 
Federal Communications 
Commission 
Feature Interaction Management 
GSM EDGE Radio Access 
Network 
Gateway Mobile Location Center 
General Packet Radio Service 
Global Positioning System 
Global Systems for Mobile 
Telecommunications 
GPRS Tunneling Protocol 
Generic User Profile 
Gateway 
Hybrid Fiber Coax 
Home Location Register 
Home Subscriber Server 
interrogating CSCF 
institute for Electrical and 
Electronics Engineers 
internet Engineering Task Force 
initial Filter Criteria 
instant Messaging 
MS Mobility Manager 
instant Messaging and Presence 
Using SIP 
P Multimedia Subsystem 
international Mobile System 
dentifier 
PMultimedia SSF 
intelligent Network 
internet Protocol 
P Connectivity Access Network 
internet Protocol Version 4 
MS Service Control 
internet Service Provider 
information Technology 
AVAAPIs for Integrated 
Networks 
Location Based 
LB Service 
Location Service 
Long Distance 
Location Interoperability Forum 
LCS Measurement Unit 
Local Number Portability 
Mobile Application Part 
Megabyte 
Multimedia Broadcast Multicast 
Service 
Media Gateway Control Function 
Media Gateway 
Mobile Location Protocol 
Mobile Positioning Center 
Multiprotocol Label Switching 
Media Resource Function 
MRF Controller 
MRF Processor 
Mobile Switching Center 
Mobile Station Integrated Services 
Digital Network 
Next Generation Network 
Network Service Provider 
Operations, Administration, 
Management, and Provisioning 
OpenMobile Alliance 
Open Services Architecture 
Presence and Availability 
Management 
Personal Computer 
Proxy CSCF 
Personal Digital Assistant 
Packet Data Serving Node 
Presence Enabled Contacts 
Personal Identification Number 
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-continued 

PLMN Public Land Mobile Network 
POTS Plain Old Telephone Service 
PS Packet Switched 
PSTN Public Switched Telephone 

Network 
PTT Push To Talk 
PVC Permanent Virtual Circuit 
PVR Personal Video Recorder 
QoS Quality of Service 
RAF Repository Access Function 
RAN Radio Access Network 
RG Routing Gateway 
SBC Formerly Southwestern Bell 
SCF Service Capability Feature 
SCIM Service Capability Interaction 

Management 
SCP Service Control Point 
SCS Service Capability Server 
S-CSCF Serving CSCF 
SDR Session Detail record 
SGSN Serving GPRS Support Node 
SIMPLE SIP for Instant Messaging and 

Presence Leveraging Extensions 
SIP Session Initiation Protocol 
SLA Service Level Agreement 
SM Session Management 
SMILC Serving Mobile Location Center 
SMS Short Message Service 
SOAP Simple Object Access Protocol 
SPAN Services and Protocol for 

Advanced Networks 
SS SoftSwitch 
SSP Service Switching Point 
TDOA Time Difference of Arrival 
TIPHON Telecommunications and Internet 

Protocol Harmonization over 
Networks 

TISPAN Combination of TIPHON and 
SPAN 

TR Technical Reference 
TS Technical Specification 
U.S. United States 
UDDI Universal Description, Discovery, 

and Integration 
UE User Equipment 
UI User Interface 
UML Unified Modeling Language 
UMTS Universal Mobile Telephone 

Service 
URI Uniform Resource Identifier 
URL Uniform Resource Locator 
US United States 
UTRAN Universal Terrestrial Radio Access 

Network 
VLR Visitor Location Register 
VoIP Voice over IP 
VPN Virtual Private Network 
WAP Wireless Access Protocol 
WF Wireless Fidelity 
WLAN Wireless LAN 
WV Wireless Village 
XML Extensible Markup Language 

0066 Next Generation Services 
0067. A service is defined as a set of well-defined capa 

bilities offered to customers (who can be end-users or other 
service providers that may enhance the service and offer it to 
their end-users) and for which customers can potentially be 
billed. From a service provider's perspective, a service can 
emanate from any layer of the architecture (see FIG. 1). For 
example, physical layer services could include leasing of 
physical media like fiber to customers by facility-based pro 
viders. Data link services can provide layer-2 switched con 
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nectivity, e.g., an ATM Permanent Virtual Circuit (PVC) or 
Ethernet between customer locations. Network services ema 
nate from the network layer and provide routed connectivity 
to customers, e.g., a network-based Virtual Private Network 
(VPN) service. Application services are offered to customers 
from the application layer, for example VoIP video-on-de 
mand, etc. Any service above the physical layer would trans 
parently use the services of lower layers (either from the same 
provider or a different provider) in ways that are typically not 
visible to the upper layers. For the sake of brevity, and when 
the context is clear, application services may sometimes be 
referred to simply as services (or applications) with the under 
standing that they are indeed services provided at the appli 
cation layer using an underlying QoS-enabled connectivity 
network. 
0068. The fundamental assumption is made that the over 

all NGN architecture design has to be ultimately driven by 
application services. It is very hard, if not impossible, to 
predict with any degree of certainty the specific application 
services that will flourish in next generation networks. None 
theless, from a customer's viewpoint, the majority of next 
generation application services can probably be cast into one 
of the following broad categories: 

0069 Communication/Collaboration Services: These 
can be viewed as evolution of today's wired or wireless 
Voice telephony on the real-time side, and Voicemail/ 
email on the non-real-time side. AS Voice increasingly 
becomes another data application with VoIP, it may be 
seen from existing trends that it will be enhanced ini 
tially with useful data features, and eventually with 
capabilities that will transform it into full-fledged voice 
data-video communication. Similarly, Voicemail, email 
and IM may become more unified and assume a multi 
media character. The variations and composition of 
these with other applications may over time give rise to 
Sophisticated multimedia multi-party application ser 
vices with powerful collaboration features. Further 
more, seamless mobility may be interwoven into com 
munication services in unprecedented ways. Customers 
may be able to seamlessly roam through macro (licensed 
spectrum) and micro (unlicensed spectrum) wireless 
networks, as well as interface with wireline infrastruc 
tures (DSL, Cable), while they maintain continuity of 
their in-progress service sessions. 

0070 Entertainment/Education Services: This set of 
application services deal with delivering rich-media 
content to the customer. Video-on-demand, music-on 
demand, multi-player gaming and similar services are 
all examples in this category, which can be offered either 
on-demand as streaming applications with Sophisticated 
end-user control or, alternatively, in conjunction with a 
PVR capability on a time-shifted basis. It is stipulated 
that time-shifted viewing may constitute a large portion 
of video services in the future. 

0071 Data/Information Services: This category repre 
sents a "catch all class and may represent evolution of 
today's Internet usage pattern. Application services that 
fall into this category may include browsing, searching, 
information retrieval, software distribution, productivity 
applications, e-commerce, location, notification and 
"push'-type services, as well as new and innovative 
applications. 

0.072 Ancillary/Management/Support Services: A spe 
cial class of data services may be important when it 
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comes to support of other application services. A large 
number of next generation end-user-facing applications 
may not be viable without a set of authentication, billing, 
security, Screening, profile, presence, performance 
monitoring and similar capabilities to Support them and 
make them easy and convenient to use. These services 
may have a middle-layer, management, or Support flavor 
and may or may not generate revenues on their own, but 
they may be useful for a successful rollout of next gen 
eration application services, and may provide competi 
tive differentiation. 

Next generation networks not only may provide a ubiquitous 
connectivity infrastructure to address the needs of application 
services, but also may furnish a unified application service 
infrastructure that may provide middle layer capabilities to 
facilitate rapid, cost effective rollout of sophisticated next 
generation services, particularly when such applications need 
to interact with one another in complex scenarios. From an 
architecture design viewpoint (in contrast to the customer's 
viewpoint), next generation application services can be clas 
sified in a different way, bringing out in particular some of 
their connectivity and QoS requirements: 

0073 Conversational Services: These are applications 
that have low delay and jitter tolerance; their error tol 
erance can be moderate as in Voice, or low as in video. 

0074 Data rates to support these applications are gen 
erally symmetrical and can range from low to high. Real 
time communication services fall into this category. 

0075 Interactive Services: These services typically 
have a request/response transactional flavor exhibiting 
low tolerance for error and moderate tolerance for delay 
and jitter. Their bandwidth needs can range from low to 
high with generally non-symmetrical data rates. Most 
data/information services and some non-real-time com 
munication services fall into this category. 

0076 Streaming Services: These applications have a 
low tolerance for error and high tolerance for delay and 
jitter (compensated for by play-out buffers). Their band 
width needs can range from low to high and their data 
rates are typically non-symmetrical. Most content deliv 
ery and content on-demand services fall into this cat 
egory. 

0077 Background Services: These applications have 
very little delay or jitter constraints, but require very low 
error rates. Bulk data transfer, SMS, and a lot of ancillary 
and management services fall into this class. 

The broad categories of next generation application services 
have been examined from both from customers’ perspectives 
and from the perspective of service providers. Some funda 
mental characteristics and mega-trends with respect to next 
generation networks and the services they provide that may 
set them apart from the current communication infrastruc 
tures will now be discussed. 
0078 NGN Service Characteristics 
007.9 There are a number of characteristics that may col 
lectively set NGN architecture and services apart from PSTN 
and other legacy infrastructures. These characteristics bear on 
the nature of customer-facing applications and devices, net 
work architectures, and evolving needs and demands of an 
increasingly savvy and mobile user community: 

0080 A major architectural breakthrough in NGN, 
brought about by SoftSwitching, has resulted in a rela 
tively clean separation of call/service processing from 
the underlying connectivity network. This separation, 
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which was attempted unsuccessfully a number of times 
in the PSTN, was finally brought about, among other 
things, by the rapidly falling cost of processing power 
and storage that enabled acceptable performance and 
reliability in spite of the "inefficiencies” and redundan 
cies associated with Such separation. The implications of 
this separation may affect the architectural design of 
NGN. Connectivity and transport layers can follow their 
own evolution dynamics distinct from the evolution 
dynamics of applications. The overall trend points 
towards commoditization of connectivity and differen 
tiation of applications. This separation has the potential 
to unleash formidable competitive forces in the applica 
tion space without requiring service providers to own 
their own connectivity or access infrastructure. 

I0081. Whereas end devices in the PSTN are generally 
simple and fairly “dumb, hence the need for “intelli 
gence' in the network, e.g., IN/AIN, CPE devices in 
NGN tend to be highly intelligent and sophisticated in 
their capabilities. PCs, laptops, PDAs, IP phones, cell 
phones, residential gateways, intelligent set top boxes 
and PVRs are some of today’s examples of these high 
capability devices of both wired and wireless vintage. 
This does not obviate the need for intelligence in the 
network, however. In fact, a high degree of flexibility 
may be called for in NGN in which “intelligence can 
reside both at the edge and at the core, and can at times 
dynamically migrate between the edge and the core to 
provide maximum flexibility and operational efficiency. 

0082 Unlike legacy networks, NGN may support 
multi-modal capabilities in delivering services to its cus 
tomers. Each mode or medium may have its own unique 
connectivity/OoS needs. Furthermore, multi-party 
capabilities on-demand, where a participating party can 
be a human or a machine, may be supported for an 
increasing number of next generation applications (con 
ferencing, gaming, collaboration). Contrast this to the 
current predominantly point-to point Voice telephony in 
PSTN/AIN with a predetermined quality of service. 

0.083 Mobility may become an integral part of most 
next generation applications. Whereas mobility is cur 
rently confined to circuit-switched cellular service, it is 
highly probable that user mobility (where the applica 
tion user physically changes location while using or 
invoking the service), terminal mobility (where the end 
device can be “plugged' or otherwise connected to the 
network at different locations), and application mobility 
(where an application can be accessed from different 
networks and locations) will all become part of the 
defining characteristics of next generation services. This 
may result in full wireless-wireline convergence, a con 
vergence that will ultimately be made complete by the 
ubiquitous use of packet switching and IPv6 in all wire 
less and wireline networks. 

0084. Whereas in the pre-NGN era most services are 
provided by the service provider that typically owns its 
own connectivity infrastructure. NGN application space 
may be crowded by third-party application service pro 
viders (ASPs), a natural consequence of separation of 
connectivity from applications. There are a couple of 
other reasons for this as well: One is that the pre-NGN 
network is/was generally closed to 3" parties (even the 
limited “open AIN' architecture was never fully imple 
mented) and hence services offered on that network 
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were necessarily provided by the owner of the physical 
infrastructure. This lack of openness has had its roots in 
security considerations, existing regulatory regime, and 
absence of key standards and enabling technologies. 
Secondly, unlike NGN, the existing service providers 
typically offer one type of service, albeit with many 
“features, over their infrastructures. Thus, phone com 
panies offer Voice telephony services, cable companies 
offer video entertainment services, and ISPs offer Inter 
net access and limited application services bundled with 
access (e.g., email, calendaring, etc.). However, because 
NGN may supportall application services, as mentioned 
in the previous section, and because a single provider 
will likely never be able to keep pace with Internet 
centric application development and rollout on its own, 
the primary next generation service providers may have 
to support, and possibly mediate, the flow of 3" party 
applications to their customers. 

I0085 Finally, shorter time to market and lower cost of 
application trial and rollout, compared to current legacy 
paradigms, and the ability to competitively differentiate 
applications and their features are desirable in a market 
place that is becoming increasingly less regulated and 
fiercely more competitive. Such differentiation may 
well have to do with how applications can interwork and 
interact with one another to give rise to a richer and more 
sophisticated and useful end-user experience. This “fea 
ture/application” mixing and interaction may pose a dif 
ficult architectural challenge to be addressed in NGN 
service architecture design. 

I0086 NGN Service Architecture Alternatives: Motivating 
the Need for a Middle Layer 
0087 Considering the separation of applications from the 
underlying connectivity network, the great variety of NGN 
application services, as well as other points of departure 
mentioned above, there may be two distinct for application 
development, rollout and support in NGN: At one end of the 
spectrum, one can perpetuate the existing paradigm of Inter 
net application development depicted in FIG. 1, and extend it 
with some tweaks to NGN. In this paradigm, each application 
comprises all the capabilities that it requires entirely within 
itself. The fundamental shortcomings of this “silo' model of 
application development may be summarized as follows: 

I0088 1. A set of common capabilities needed by a wide 
range of applications may have to be developed over and 
over again resulting in unnecessary duplication of effort 
and wasting of resources. 

I0089 2. In this paradigm, the end users would typically 
face inconsistent experiences moving from one applica 
tion to another. 

0090. 3. Because an application and its needed support 
ing capabilities are developed entirely independent of 
other applications, this may limit interworking among 
applications in ways that can enhance users’ experience. 

0091 4. “Silo' development paradigms are typically 
more expensive in the long run unless one is interested in 
offering very few application services. Again, this has to 
do with the duplication of development efforts, which 
typically leads to longer time to market for applications 
beyond the first few. Even when applications are 
acquired in whole or part, or offered by (hosted) 3rd 
parties, integration and testing efforts in silo environ 
ments generally lead to higher costs and longer time 
intervals. 
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0092 5. The “silo” model of application development 
may deprive the service provider of the opportunity to 
develop and deploy a unified service managementarchi 
tecture. Again, silo-based service management may 
become entirely application specific and costly beyond 
the first few services. 

0093. 6. The “silo” model of application rollout may 
deprive the next generation service provider of the 
opportunity to change the business model in offering 
applications, for example, by positioning itself as a 
trusted intermediary in delivery of all services including 
3rd party applications. 

A viable alternative to the “silo' model of application devel 
opment and rollout, according to some embodiments of the 
present invention, is depicted in FIG. 2. Here, a set of capa 
bilities that are deemed common across multiple applications 
(represented by objects of various shapes) are pulled out of 
the individual applications, abstracted, and architected in a 
separate distinct middle layer called the Application Services 
Infrastructure (ASI). Different applications then use these 
middle layer capabilities on a need basis to provide the cus 
tomers with their full range of functionalities. Customers can 
also access some of these middle layer functions independent 
of particular applications when it makes sense for them to do 
so. Some generic capabilities provided by the ASI/middle 
layer include, but are not limited to: authentication (single 
sign-on), presence and availability, mobility management, 
user and device profile, directory services (both people and 
Services), Security management, notification, Subscription, 
session control, service brokering, QoS management, access 
to PSTN, and potentially a large number of other reusable 
capabilities. The main criteria for classifying a capability as 
an ASI/middle layer capability or service is actual or potential 
reusability across multiple applications. Middle layer ser 
vices may interface with the applications through northbound 
interfaces, with the connectivity network through southbound 
interfaces (e.g., for managing QoS), and with the customers 
through web-based interfaces (overan appropriate access like 
DSL). In addition, middle layer service components can 
interact with one another in Support of an application. 
0094. In FIG. 2, connectivity services are provided by the 
lower three layers (collectively referred to as the connectivity 
network), ASI services are provided by the middle layer, and 
application services are provided by the different applica 
tions. Different modules or functional entities within each 
layer need to communicate with one another. Sometimes a 
module needs to invoke another module through a remote 
invocation process. Other modules may need to pass data to 
one another at various points during the execution of their 
functions. OAM&P data may be continuously collected and 
exchanged. All these may point to the need for a ubiquitous 
communication and messaging infrastructure in a distributed 
processing environment (DPE). Some candidate architec 
tures and technologies include grid computing, web services, 
SIP, etc. Furthermore, there are many functions that have to 
do with management of different entities, as well as policies 
in each layer. A number of management capabilities can be 
recast into management services architected on the same 
service infrastructure. Other management capabilities may be 
extended to end users (i.e., customer network management). 
Tentacles of management may touch all levels of the archi 
tecture. 

(0095 FIG.3 shows a rubric that attempts to depict the ASI 
model from different viewpoints in accordance with some 
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embodiments of the present invention. The front view of the 
rubric depicts a “logical view of the model while the side 
view provides an “implementation view. The implementa 
tion view exposes additional detail not visible in the logical 
view: (1) The Distributed Processing Environment (DPE), 
which provides the “glue' allowing components in the blocks 
visible in the logical view to communicate with one another 
without being concerned about details of distribution; and (2) 
a Management Services block that serves all of the other 
blocks. 

0096. More on the Benefits of the Middle Layer 
0097 Although potential advantages of a middle layer, 
such as ASI, have already been alluded to, some of these will 
be discussed further from the vantage point of various parties, 
Such as customers, service providers, and 3rd party ASPs. 
0098. From an end user's vantage point, ASI and its capa 

bilities may provide several advantages: A first advantage is 
the access the customer can get to ASI services in a way that 
is independent of any particular application. For example, the 
customer can access the directory service in ASI through a 
web interface to browse and locate people as well as applica 
tions and their descriptions (a Supercharged white/yellow 
pages on people and applications). The customer can access a 
profile service or a presence and availability service in ASI to 
create and edit his/her profile and availability, or can access a 
Subscription service to Subscribe to an application service and 
set up a billing profile, etc. A second advantage of ASI is that 
specific functions within the ASI layer may allow the cus 
tomer to mix, match, and compose various application ser 
vices (to the extent that they are compatible) to create more 
useful and Sophisticated interactions. The session control 
function within the ASI layer, for example, may allow a user 
to invoke a multimedia communication session with another 
user and on demand (i.e., without prior reservation) add to the 
same session other parties (e.g., someone on a PC, or a cell 
phone) and other machines or applications (e.g., a video 
server, a web server, or a gaming server). Feature interactions 
between and within Such composite services may be taken 
care of by ASI resulting in useful enhancements to user's 
experience and productivity. A third ASI advantage to the end 
user is the underlying sharing of customer-specific data, Such 
as preferences, service data, and Subscription data across all 
relevant applications and the presentation of a unified inter 
face containing Such data, among other things, to the end user. 
Fourth, the existence of ASI may enable the end user to invoke 
a large number of 3rd party applications in a uniform way 
without having to deal with the non-application specific func 
tions of the application (such as authorization, billing, pres 
ence, etc) 
0099 From a service provider's vantage point, as dis 
cussed above, long term cost savings and reduction in time to 
market of application services due to minimization of dupli 
cate efforts may be quite significant. In addition, ASI may 
provide a powerful means of differentiation in a very com 
petitive environment by allowing a service provider to cus 
tomize middle layer functions. Such differentiation can occur 
at different levels. For example, at the user interface level, ASI 
may enable a rich, unified, and consistent experience for 
access to all categories of services. It can enable a high degree 
of customer control and customization. The middle layer may 
hide the complexities and inconsistencies the customers 
would otherwise experience in dealing with third party ASPs 
by providing consistent common capabilities (somewhat 
analogous to a consistent "copy/cut/paste' capability across 
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different Windows applications). Finally, ASI may allow a 
service provider to change the business model in providing 
application services by positioning itself as the trusted “pri 
mary” or “continuous” service provider or intermediary, 
depending on the application, that satisfies all communica 
tion, entertainment, information, and data needs of its cus 
tOmerS. 

0100 From the third-party service provider vantage point, 
the middle layer may allow ASPs to focus on developing their 
specific application logic (their core competency) without 
being encumbered with development of support capabilities 
for their applications. Most, if not all, of the generic applica 
tion Support components may be provided by a service pro 
vider through ASI. Because the customer may have a choice 
of accessing somewhat similar services directly from ASPs 
(or indirectly through other service providers), the middle 
layer architecture may be made more powerful, attractive, 
easy to use, and cost effective not only to end users but also to 
the 3rd party ASPs. 
0101 Middle Layer/ASI Functional Components 
0102 FIG. 4 depicts a representative set of functional 
entities that can be part of the ASI layer (the entities shown in 
the middle layer), and how they relate to the rest of the NGN 
architecture in accordance with Some embodiments of the 
present invention. To recap, one criterion for including a 
capability in the middle layer is its actual or potential reus 
ability across multiple applications. Another criterion is to 
ensure that the middle layer entities are as independent from 
individual applications as possible. This criterion may be 
applied tactfully as there may arise a need to build some 
application “awareness' into specific ASI modules. A case in 
point is a middle layer functional entity that can be labeled 
“Feature Interaction Manager.” By its nature, such a module 
may involve some level of application awareness, although 
efforts may be made to reduce Such dependency. 
0103 ASI may provide a shared infrastructure approach: 
components may be designed to provide application service 
providers with reusable service enablers that they otherwise 
would have to develop as part of their applications. This 
shared services delivery approach may enable application 
providers to focus more resources on the development and 
delivery of application features and functionality. Develop 
ment teams can focus on business logic and business pro 
cesses primarily, without being too concerned about how to 
do authentication, billing, notification, and/or other service 
Support functions. 
0104. As shown in FIG. 4, the ASI middle layer services 
may include, but are not limited to, mobility management, 
session control, user interface/portal, authentication, band 
width/QoS. Subscription, profile, presence, notification, 
directory, location, and/or SoftSwitch/media gateway control 
ler. These exemplary middle layer services will now be briefly 
described: 

01.05 
0106 The mobility management service may provide a 
capability for applications to enable roaming of the end 
user and seamless hand-off of applications that have 
been invoked and are currently in progress. The critical 
instantiation of mobility management has to do with 
roaming and seamless handoff of Voice telephony 
between a cellular circuit-switched network, such as 
GSM, and a wireless IP network using wireless local 
area network (WLAN), such as 802.11 operating in an 

1. Mobility Management 








































