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Abstract — The Web 2.0 paradigm is all about the development
of applications and content at the edge of the netwk by anyone.
This “wisdom of the crowd” type of activity resulted in a large
number of applications being introduced in short tme frames
utilizing the telecom network as a “dumb pipe”. However, IMS
may open up the business opportunities for the cellar operators
where they can take advantage of the openness of IR ffered by
Web 2.0 dot-coms and still offer the flexible caltontrol features
of IMS. Thus, convergence of Veb 2.0, mashups and IMS call
control features have suddenly become a viable bugiss model
that will benefit the end users, cellular operatorsand application
service providers at the same time. Rapid deploymeiwf IMS can
certainly be enhanced by successful blending of nmfasps and
built-in features of IMS such as security, authentation, and
quality of service. However, there is a lack of egting use case
scenarios and experimental validation of supportingzarious web
2.0 applications over IMS. In this paper, we provié such a
framework that helps to blend these two and highlibt the lessons
learned from the prototyping effort. We believe ths framework
and analysis of the results obtained from this expenent will be
illuminating to cellular operators who plan to depby IMS
infrastructure and offer mash-up type services as ell. A new
type of service called “contextual” mashup is alsdescribed.

Keywords; Web 2.0, IMS, Mashup, Context Aware Mohile Services,
Location Based Services, Proactive reminder system

l. INTRODUCTION& MOTIVATION

elements come from more than one source and are combined
into an integrated experience. For example, one coulthget
base service from company A, a ring-back tone from company
B, a voicemail service from company C, etc. A mobile
“Contextual Mashup” extends the concept of “telecom
mashup” by combining elements of a user’'s digital life
together [7]. It is becoming more straightforward for-eisérs

to create mashup sites regardless of their techrkialesel

by using a site’s Application Programming Interface (ARI)

is now widely thought that the deployment of IMS can bénefi
greatly from the blending of its rich call control feasiwith

the existing Web 2.0 or “mash up” applications that aredas
on open API. This paper expands and supports this idea: our
Web2.0/IMS testbed together with the innovative notifigatio
services we envisage, are both nauvad of current interest.

A. Business Models - An Opportunity for Operators

Many cellular operators consider these new paradigms as
opportunities to build business cases in which they can enable
IMS infrastructure and provide the existing “mash up”
services on the top of it. By offering IMS capabiktito the
Web 2.0 world, these can be included in the Internet mashups.
Similarly, exploiting the Web 2.0 services and technologies
can enrich the operator's services. Although IMS infrasire
provides inbuilt support for security, quality of service and
call control, it needs certain modifications in sometlod

The Web 2.0 paradigm is built around creativity at the edgéomponents such as user agent, application server in order to

of the network by allowing third parties to introduce newsupport this type of application. Thus, it is usefuletglore
services quickly and easily and treating the operator'éhe feasibility of supporting a mobile contextual mash up
networks as a “dumb pipes”. Currently, several standardservice over an IMS platform and explore the methodology
bodies (3GPP) [3] are defining the architecture for INFS ( involved.
Multimedia Subsystem) that will enable current cellular In order to create innovative, appealing and user-centric
operators to provide flexible services and richer call obntr services and applications it is useful to have a convergence
features over an IP-based network. While many cartiave  between Web 2.0 and the new generation services and call
begun trial deployment of IMS, some are still concermleoit ~ control features offered by IMS. While the former provides
the amount of complexity involved in IMS and lack of “killer relevant characteristics such as interactivity, ubiquibgja-
and open services that are currently offered by IMS. orientation, user participation and content generation, the latt
A Mashup is an application that combines data from mor@rovides a platform to complete the service featuréh w
than one source into a single service. There can beasevemultimedia telephony, media sharing, push-to-talk, presen
types of “mash up” applications, such as consumer mashup@ﬂd context all applicable to mobile, fixed or convergent
data mashups, enterprise mashups and business mashups tgigcom networks. In addition, IMS infrastructure provides
As examples, combining cartographic data from Google Mapgdditional features, such as user authentication, secaaly

to real-estate data creates a new and distinct settvat was
not originally provided by either source. Similarly, alétom

control, quality of service are very important and pave tag w
for generating revenues by the carriers. Thus, a business

mashup” is a telecommunications service where servic&odel based on supporting mash-up application over an IMS
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platform can benefit the end-users, carriers and thirdy parcomponents to realize (and test) a Web 2.0 Application.

application developers. Section IV describes how some of these components are used
to provide a Web 2.0 application over IMS platforithe rest

B. Re.lated work ] ] ] of this section outlines the key aspects of the testbed.

Carriers are currently trying to build business modeladio Access Network<urrently, we have configured two
around new Web2.0 and collaborative technologies. Bemerj kinds of radio access networks in the IMS testbed, suchi-as W
et al [9] discuss a possible architecture involving telecont; (802.11) and CDMA2000. In the absence of real CDMA
mash-ups. However, it does not use IMS as the infrdstRIC networks, we have emulated CDMA2000 using PPPoE and
to take advantage of the associated benefits. Shin e8Jal. [RAN emulator. Thus, the current testbed provides the ability

describe the end-user driven service creation method f@p support the handoff between Wi-Fi and PPP networks.
converged service over telecom and Internet domain. It

focuses on service layer and takes advantage of the op = K6Rower
network architecture but does not utilize IMS’s rich call —ied Network? %ﬁ"jﬂlmernet
control feature. Our work takes advantage of the flekbil pmxy‘—'

and openness of Web 2.0 framework and blends it with th - Home Netwurk,
native call control features of IMS. Elsewhere, off-#nelf '
event engines (e.g., Coral8, IBM, etc.) provide natiedfing

for streamed events and message routing. These syarem
not geared directly towards supporting time and locatiodewhi
we propose several algorithms that help us achieve sealat |
mashups for operators as described in section Il and [7 |
Single-purpose Web 2.0 reminder systems have emerge |
online [4],[5], and while they are a good start they may no !

[N]

3ffe:5::/6

L

IPTV HSS SCSCF Applicatign

i2 PDS_\E i3

DHCP PCSCF

scale well for millions of customers, show little irdacing b B o B 2\ S T —
capabilities, and have little ability to use contexts frdinerse i | Emulator) y PP/
or subtle aspects of a user’s life. ! VNIREA! VNIREDD f Enging

The remainder of this paper describes our live IMS testbe W szl "
as well as the related features and challenges. We thi VNIrel  VNire2

describe the functional components that implement a dealab s
event mashup engine called Proactive Services Platl8R) E d
and describe a typical mashup service. We conclude wit
lessons learned. Hereafter, we focus mainly on thtbed

Mobile Node .,/"

components and the general value of notification mashups Figure 1. Experimental IMS Testbed
rather than mashup service logic. Address ConfigurationSince the end hosts are IPv6-enabled,
we have implemented both PPP and stateless modes of auto-
II.  IMSTESTBED

) ) ) _ configuring the IP addresses. In stateless mode, ibigilen
In this section, we describe the experimental IMS testbegonfigures its IP address based on the prefix of the router
and the functional components that support many of the basigivertisement. In PPPoE mode, the prefix is provided to the
features such as registration, multi-media call sesepurity  mobile by the PDSN.
association, quality of service, charging and mobility. The Server DiscoveryServer discovery is a process of
testbed is unique because it enables SIP-to-non-SIP itieerac discovering the addresses of the outbound SIP servers (P-
and advanced features such as voice-call /IPTV interwgrkinCSCF) in each subnet. After configuring an IP address, the
[1]. Besides operators, there are not many fully advancegiobile uses DHCP INFORM message to obtain the IP address
testbeds comparable to ours (e.g., Georgia Tech, GMD Fokusf the server. As the mobile changes its networlediscovers
Figure 1 shows parts of the experimental IPv6 testbed with new P-CSCF in each subnet. SIP registration (re-retist)
different functional components that we have prototypedand SIP INVITE (re-INVITE) use the newly discovered proxy
These include many of the standard IMS components such &$send these messages.

P-CSCF(Proxy Call Session Control Function), |-CSCF Registration: Registration is a process by which the
(Interrogating Call Session Control Function), and S-CSCmobile communicates with the network to establish its new
(Serving Call Session Control Function) for signalingnt¢  association with the network. The mobile is a SIP client
Subscriber Service for registration function, Home Agent f associated with a unique URI (Universal Resource Identifier)
the bearer manager functions, PCRF (Policy Control ang registers with the HSS (Home Subscriber System)théa
Rules Function) for policy control and charging functions, SIRcurrent P-CSCF in the subnet. Registration message lgctual
[10] Application Server for enabling SIP related applwati travels via I-CSCF and S-CSCF. S-CSCF and HSS
PDSN (Packet Data Serving Function) and PDIF (Packit Dacommunicate with each other using Diameter protocol.
Interface Function) for access networks, IPTV servemfor- Multimedia Call setup:Since SIP is used as the

SIP-based services. Event Generator and HTTP proxthare signaling protocol, the mobile users can communicate with
additional functional components that interact with IMS
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each other using SIP URI. Both the mobile users update theean be emitted include: GPS locations (e.g., asadimfra
updated address-of-records and care-of-proxy servershth tlocation provider or mobile user), to-do and calendar details
S-CSCF in the home domain. If MIP (Mobile IP) is used,(e.g., as if from a calendar provider such as Yahoo! or
home address is used as the address-of-record and the mol@loogle), Telematics info (e.g., “low fuel” as if fronm @n-

just uses the new outbound proxy server. Thus, any ndw cddoard unit), traffic, weather and so on. Each eveninisted
gets routed via S-CSCF, HA, and P-CSCF before reaching tlewnforming to the appropriate XML Schema.

callee. But, if application layer mobility is used, thdére usenu: | falchuk2@gmail com
mobile uses new care-of-address as the new addresseoéire prcrty: (1 [8) (1 s highest)

during SIP registration. In the absence of HA, the naW c
gets routed to P-CSCF directly without being routed to home.
Security AssociationAKA (Authentication and Key

Exchange) is a way of making sure that the mobile i
authenticated and there is a security association between f{ Summary:  mail package
mobile and the P-CSCF. AKA procedure is performed during
mobile’s SIP registration with S-CSCF. During the AKA
procedure, the security association is established betvibien Lacation:  [mastina ranm 1030

(Mobile Node) and P-CSCF. Thus, a user with Web 2.0 Figure 2. Event Generator tool emits events ineodire; e.g., emulation of
application can benefit from added security association usingcontextual changes such as location, new to-déespappointments, etc.

the AKA proc_edure. . . L Mobility Support:Current version of IMS testbed can

. Quality of Serwce .SupportQuahty of service is rovide both network layer and application layer mobility
provided by way of interaction b_etween '.DC.RF'.P'CSCF_ an upport.As part of network layer mobility support, we have
PDSN or PDIF.  Once the security association is est&l,  ,5jemented Mobile IP v6and as part of application layer
PCRF s mforme;d anq the gating on the PDSN or PDIF ¥nobility we have implemented SIP-based mobility [IDfe
turned on by using Diameter protocol. Bandwidth parametel,opile” can either be connected to a PDIF over an 802.11
assoc_iated_ with any specific_ media (e_.g_., audio or video) iﬁetwork or PDSN over PPPoE (PPPover Ethernet). This
contained in the SDP (Session Description Protocol) dart Inobility support can provide seamless connectivity to any

SiP message th‘?‘t is parsed by the P'QSCF' L type of “mash up” application when the user moves from one
Application ServerWe have integrated Application _-.oss network to another.

Server IBM Websphere 6.1 in the home network. WebSphere | summary, the IMS testbed is a robust operational

Application Server dgzlivers rich .SIP.functionaIity throqgh environment in our labs that allows us to create and test new
Its |r]fra.structure... Using the application server, one WAe  5nd innovative IP and telephony-based services in a highly
applications  utilizing the SIP Serviet 1.0 specificalio nopile environment. The next section describes an all-IP
WebSphere Application Server also provides tooling Fer t gepice referred to as a “contextual mashup”, and thatec!
development environment and high performing edg&q  er-side concerns and architecture. ’

components to handle distributed application environments.

The SIP components in WebSphere Application Server have a  |ll.  PROACTIVE SERVICESPLATORM SUPPORTING
tight integration with the existing HTTP servlet andrtfsd CONTEXTUAL MASHUP

work, with which one can write a highly converged HTTP and - Gjyen poth the changes and advances brought on by Web
SIP application with seamless failover provided by the ¥rox; o and mobility, there is a new and undeniable trend towards
Server. In our case, It interacts with S-CSCF via ISGfite  jne|ligent notification services. Such a service cathoeight
and communicates with HTTP proxy using HTTP interface toy a5 one that provides the “right information at the rtghe”
carry the location-based information. (RIRT) to a mobile user. RIRT has long been the pregéxt
HTTP Proxy In our testbed HTTP proxy is a dual military and emergency systems where informational
stacked system with support for both IPv6 and IPv4. ladvantages can directly relate to strategic and ctdcti
interacts with the Internet using IPv4 backbone andadvantages. Today's highly capable mobile deviceghehi
communicates with the Application Server on the IPv6 sidespeed edge networks, and open API’'s are the right brew to
using http interface. deliver RIRT and improved mobile experience to the mass
Charging Support:Cellular providers can use IMS market end-user to help with today's busy lifestyle. early
infrastructure to charge for any specific type of “mashup2G networks, mobile services had little scope beyond
application. Details about the type of application and chmati communications (e.g., SMS, voice sessions). 3G nessaw
of call can be easily retrieved from the P-CSCF and PPCRthe deployment of many kinds of new services: staml
can store this context. (binaries), streaming services, and mobile _versmm;aniy of
Event Generator A Java-based testbed componentthe most pqpular Web sites. .The |Phon¢ .enabled a
(Figure 2) that greatly simplifies testing, experimewiatiand rz\\l/slig?\r/]iigsIr;fjrc:erfzzlr}r;:ri]eerr:ifgegwec?tgleeaggpmgtlifr?gg;ir
d_emonstratlo_ns, such as emu_latl_ng a mobile user. It aII_ows tI cation-based assistants, and proactive services téthat
single or scripted (batch) emission of custom events into thg

. - ontrol of life-details that users find boring or repeéti Steps
Proactive Services Platform (PSP) core. Types ofitsvhat in this direction include RememberTheMilk [5] and

_ {-GPS wiTo-do | SCalendar | EaTelematics T -;Z‘aTrafﬁci ‘Weather

Geo (addr): 59100
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OhDontForget[4], and a variety of other services for mobile location and has a traffic semantic (e.g., classffic,
that, to some extent, manage personal reminders agndeas.  condition: heavy location:Rt.17, exit  They have a scope
They enable users to enter tasks with explicit tasktlons; that can apply to a single end-user (e.g., a userndocat
later, when on-the-go and nearby a task-location, thécee change), to a group, or globally (e.g., weather conditfons
notifies the user (e.g., “You are near the Mall whererytask, the East Coast). By way of scalable handling, storamg
‘Buy a shirt’ can be completed”.) The authors’ own reslear understanding of event streams, service logic can beetddg
comprises a much more proactive, intelligent approalfii][6 at the appropriate time and a “contextual mashup” can be buil
The Proactive Services Platform and context mashups fthat effectively provides a proactive reminder systemend
enables are different because it: users by “mashing together” different streams of useestnt

- Extensible, separate logic (for new service creation) The PSP core components reside in the IMS Application-
Service Layer. PSP may interwork with other components
providing session and communication capabilities on the IMS
network but the main concerns of PSP are event handling and
+ Resolves semi-unstructured task and appointmendervice logic triggering. In order to handle events forwarde
details (e.g., “mail a letter today”) into a notifitat  jn a scalable manner, the PSP examines incoming event

« Doesn't require explicitly pre-entered reminders — will
make some inference about when and where

that makes semantic sense (e.g., a post office). metadata via an efficient pull-parser. If the incoming evst
no location or time relevance to any existing customer the
“Contextual “Tomcat is not (immediately) emitted into the in-memory event cante
Mashup® logic =EeRETgIe The Esper Complex Event Processing Engine
g (esper.codehaus.org) — or any comparable engine — can be

= Outbgund “reminders” . .

3 used as the basis for the in memory structures. Our PSP
S I
AS

sz AS system maintains an in-memory, rapid-lookup, data strect
of the global aggregated user context, indexed by time. For

by ";S example, as an event arrives, its time interval isrsed and
compared to the same interval of the customers gloloaéxn
whether or not that interval is “clear” of existing events
(indicated by a Boolean flag) helps the system vepydha
decide on how to route and manage that incoming event.
Similarly, a comparison with scalable, geospatial data-
structures (e.g., quad-trees) that capture the preserse s
in particular locations are used to allow the systenrapidly

Application-Service Layer

Events (in SIP message)

IMS Layer

Transport Layer

Figure 3. High-level positioning of the Web2.0 oS application. determine the impact of incoming events on existing oriths w
Figure 3 illustrates the positioning of a contextual mps respect to location.
service within the IMS “stack”. Events are sent inbowial 1) “Contextual Mashup” Use Case

SIP messages from mobile devices and Application 8erve Inasmuch as PSP platform enables contextual mashup
(AS); reminders and other service logic are ultimatelyservices to be built for customers, the following is atey
computed in the application-service layer. The nextidec describing end-to-end use case: 1) user subscribes toeserv

describes the components in more detail. 2) users context-providing systems are “redirected” it e
event into PSP (via HTTP), or PSP is configured to “pull” it
A. Proactive Services Platform 3) as user context changes (e.g., a location provider esgts

The Proactive Services platform (PSP) is a softwar&PS cords into PSP on intervals) PSP builds a contextual
platform intended for the server side. PSP supports sealadlatabase, 4) as user enters tasks (e.g., “mail tokage’) and
event-based mobile services, such as intelligent, itocat calendar appointment they are stored in PSP, 5) when the
based, proactive reminder systems; however any systeourrent user context indicates a proactive notification shoul
exploiting events can be implemented upon it. PSP ibe sent to the user (i.e., application-specific serlge) the
architected to take care of the following two mainazns: PSP arranges an outbound message (or a user Web portal is

. Scalable event handling and routing, storage such thiypdated and the user “pulls” it into the mobile device Web

events from many thousands of subscribers as well as/OWSer).

scores of service partners can be managed IV. IMS “CONTEXTUAL MASHUP’ INTEGRATION FRAMEWORK

+ Services, service logic, communications with the this section we describe the integration framework with

subscriber-base (in practice, thousands of users) IMS. Events generated by the Event Emulator are wihppe

PSP is intended to handle incoming events (over variou$to MESSAGE method and sent to the application server via

transports). The events comprise bits of user or syste-CSCF and S-CSCF. Security association of client with P-
‘context’ and, when put together, allow PSP to offerisessr CSCF ensures that private information related to an ewmht

that exploit the global view. Events have informationalas location is secured. Application server may also use
dimensions as well as location; e.g., a road traffenehas a location server to get an approximate location of ther ifs
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client's location is not included in the event messageB. Results and Demo Scenario
Application server extracts payload of an event message and e have implemented the proactive notification on the

forwards it to the PSP engine. IMS testbed. We have used both Linux laptops and Windows
IMS5 Core . IMSEX: Ultra-Mobile PC's to play the role of mobile devices

i
SiP Web | (customers). We have also used Google Maps and Yahoo!
Communicator|_Browser [4— 3 Local Search to find local businesses when necessaryal¥s

a i a
| I |
| [ :E | |
| 5IP Stack i | pCscr 4l I PSP Logic i use Yahoo! reverse geocoding and integrate with Microsoft
! oo e | Outlook and Google GCal.
i : Event ! ! o | 4 ! _
o Client#1 | Erulator |1 1 e b !
e i Bl !
: pas™ | i !
: groee | SCSCF! FASPEent |
: b, i Appli fion Sefver = ;
H i -, | 1 ! 20~ [Euversasevic |[Enciocbost |
B i ., | .
@ : : | . i | i %= Telcordia.
S | - ! |
o i !
. D |PCSCF 1" ! Location |
i
Client#N 3 3 VN2 i | Server i

VM = visited network
= network domain

Figure 4. The integration of the PSP core into I&m. Events from the
handset (Client #1) are wrapped in SIP messageseaido P-CSCF/S-CSCF
then forwarded to the application server where tireytreated as context

We have used Java based open source soft-phone call
NIST SIP-communicator as shown in Figure 4. It is modifiec

to support IMS client functionalities such as AKA secuaityd Figure 5. UMPC emulating mobile device for the costoin the Lab. The

session _mObi”t_Y- For theR‘emindefS application, th? SIP- PSP platform sends intelligent reminders at thiet igoment.
communicator is a SIP client used by both the molzledset
(e.g., laptop) and the external systems (e.g., calepdtenss) In figure 5, the emulated customer uses the “lightm&ig

that emits SIP messages towards the server. We cadlyroaprototype device that simply uses a Web browser. By wsing
divide functionality of IMS client into: 1) SIP stack isight  data connection in the Lab, a mobile UMPC user cheeks h
weight NIST stack responsible for registration, calldimmy  portal (Figure 5), which is constantly updated by the
and messaging. 2) Web browser for the client to connect to tlmontextual mashup service (via Java Server Pagesth&@n
“contextual mashup” portal, 3) Event Emulator generatepage the user sees one’s given reminders (green panel on
events with attributes such as type, location, etc. ardafis  right), a map showing one’s own reminders and past
the data into an XML document describing the context, 4) Slfocations (left), and the explanations of why suggestiene
communicator implementation. The client uses the ngisga been made (in the callout bubble). On our testbed, for
module of SIP stack to send generated xml event schema e@sample, the contextual task “refill prescription today”
“txt/xml” payload of MESSAGE [3] method to the service resolves to pharmacies around the user’s current t¢ocati
running on Application Server. A Java Server Pagenidered (“CVS Pharmacy” is being presented to the user in the
by backend Tomcat http server when the client connects to theubble). User location is constantly streamed into PSP
portal. The client uses a hook in the SIP stack terfiiut  within SIP messages, as are calendar and to-do context.
“reminder service” messages received from the Apftina
server and backend logic.

You are munning late for the following calendar

=]
[ map | sateliite [ Hybrid |

appointment:
A. Compression of SIP Messages s
. . . . B et 4 + Meet with John Doe at Wed Jan 23
A lesson learned during experimentation was that cegpest | = 21:19:00 EST 2008
of incoming events, e.g., calendar events complying \@ih e ] S
schema, were longer than the others. On some of these ri
events their XML representation grew longer than the a&tbw Snadyeice <

Mew Dy Ru

length (1300 byte) that a single SIP MESSAGE method ca@ .

carry as defined by RFC 3428. To accommodate thi.¥ ‘?
shortcoming, we applied the gzip algorithm built into the' =i
Java2 SDK and ensured that event context was compress.. _

before embedding into the SIP message and ungzipped at t cr G

receiving side. This solved our platform problems but i ; .

general message/event length could cause additional aderhe

and coordination requirements on the server side if they mus  Figure 6. The user runs late for an appointmenttaedystem both
be broken into a series of SIP messages rather thampist o recognizes the fa@ind adapts subsequent interactions

@x\"g
e



Appears inProc. 2nd IEEE Int’l. Conference on Internet Multiahiee Services Architecture and Applicatiofis!SAA-08), Bangalore, Dec. 2008

In figure 6, the PSP system proactively sends a remindbet likely be: mobile search, advertising, social networkiagg
user — not a commerce-related one (e.g., a pharmacykatop) reminder systems. To that end, we have integrated our
a time-based calendar notification. In this scenario”R8® innovative, scalable, server-based intelligent remirsystem

has used two aspects of the user’s context: future calendanto the IMS testbed as an exercise of integration and
appointments, and current and past locations. From tlee lattdeployment.

it computes speed and estimated arrival time to the forrfier Supported by event processing algorithms innovative
the user is deemed to be “running late” (inferred fromenur  service logic, the intelligent reminder system becomeallan
speed and direction and appointment location) the user IB service in which user context and information is propagate
informed, while other less important reminders are supptgs inbound via SIP messages and value-adding computations on
as in Figure 6. global context supply end-users with intelligent “Reminders”
such as: “don’t forget to mail the package to dad today”.
These reminders are based upon user context previously
In the tested and initial implementation of the “Contextualpropagated inbound (e_g_, in the above examp|e a user-to-do
mashup” service we have assumed the end user has aceessi{@m was entered into a Google calendar from where it was
Web browser as it is from the PSP Web portal that the usgflled via RSS into the core server. Alternatively, SIP
sees her relevant notifications. In this sense the sedata messages emanating direcﬂy from the user device Co"g/eyi

must be “pulled” by the user (by starting the Web browser)|ocation (GPS), telephony (session) and calendar infalace
The different variations of the client may therefore inetud)  explored.

Web-browser based service; customer needs only a data Our results dovetail with thaVvims 2.0goals [2]
connection and browser and a URL to load. No events aifagsmuch as they blend Web2.0 and IMS in mutually

generated automatically from the end device; the usejeneficial ways. Our integration makes Web 2.0 more mobile
manually inputs as necessary (e.g., appointments). (2) Ojithin 4G all-IP network and proposes SIP as Web2.0

C. Device and End User Issues

device binary application; a device resident application readgansport. It also adds business value to IMS by shptiie
device data and automatically emits events into the coverser possibilities of Web 2.0 style services for mobile users.

(e.g., reads GPS coordinates and emits them). The seayer

Our experiments and deployments of this contextual

either post info to the Web portal, or communicate dyect mashup were a success and future work includes further
with the binary application through a socket (either wayta da exploitation of the SIP protocol, and investigation of what
connection is needed), or (3) SMS only; the customer angther types of session-based services would be valuabid to

server communicate via SMS messages.
In general, the Web browser-based service is most pertabl

while the on-device application is most powerful.

Combinations of the above may also be viable.

D. Future Mashup Applications

operators.
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While a “context mashup” service that delivers intelligent
notifications is timely and novel, it is not the only type o
service that IMS operators should be interested in.hiAzd (1]
in the Introduction section and throughout, there are many
new paradigms and services possible that combine elewofents|y
social networking, location, and communications. We are
looking into exploiting the session control features of 181 [3]
SIP servers to do things like dynamically credteparty voice
sessions, interleave media sessions, and react to ketwdf!
conditions. These topics comprise future work and will bd®!
reported in the future. (6]

V.

7
In our Advanced Technology Solutions Lab, we have buiIt,[ ]
tested, and operated a full-blown IP Multimedia Subsystem
(IMS) testbed on which operators and researchers can td8t
innovative new services. With the growth of heterogeneous
4G networks, Web2.0 and the great promise of all-IP sesvic ]
supported by IMS, a perfect storm of technologies novblena
network operators to get into the game. Most agree that they
hottest and most promising mobile Web2.0 applications will

CONCLUSION
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