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Technology Assessment: FMC – Fixed Mobile Convergence

1. Introduction

Recent trends in the allocation of radio spectrum reflect a departure from traditional approaches to spectrum management, in which all spectrum below 3GHz is completely allocated to specific uses.  The opening of the ISM band to allow other uses, such as Wi-Fi and Bluetooth, and the FCC’s adoption of a notice of proposed rulemaking (NPRM) that would allow unlicensed devices to transmit in the television bands at times when they are not in use are examples of the aforementioned departure
.  This new approach to spectrum management has allowed the introduction of numerous new technologies that utilize newly opened portions of the spectrum.  One exciting new development is Fixed-Mobile Convergence (FMC).  FMC is defined as the removal of distinctions between fixed and wireless telecommunication networks that create seamless services using a combination of fixed broadband and local access wireless technologies
.  The increasingly widespread availability of Wi-Fi hotspots as well as other forms of broadband Internet allow FMC to become a reality. 
2. Fixed Mobile Convergence using Multi-Mode Smartphones

FMC combines fixed and wireless telecommunication networks and local access wireless technologies--spawning a new generation of phones that are capable of using Wi-Fi hotspots, VoIP technology, and voice over wireless LAN technology, automatically and seamlessly switching from one technology to another in order to provide low cost communication that adheres to some minimum quality of service (QoS)

What FMC means for the average consumer is that it will be possible to have one single phone and one single phone number for home, office, and cell.  When in the office, the phone will most likely use VoWLAN or Voice over Wi-Fi.  Between the home and office and out of range of a hotspot, the phone will use traditional cellular service.  At home, the phone will use either Voice over Wi-Fi or possibly interface into the landline connection.  

The primary focus of this report is on dual-mode phones that are capable of operating over Wi-Fi and conventional cellular service.  The majority of these phones are smart phones, which are phones that have the combined functionality of a PDA and a cellular phone.  Additionally, the focus is on such phones that allow the user to make calls using Voice over IP (VoIP) while connected to a Wi-Fi network.  The main enabling technology of these phones is the seamless handoff of a call from a Wi-Fi network to a standard cellular network, and vice versa.  Seamless handoff is imperative if cellular over Wi-Fi is to be adopted, because it will allow a user to switch from cellular to Wi-Fi and back again without interrupting the phone call.   

3. US Telecommunications Industry Overview

Currently, voice services in the telecommunications industry is provided by companies that operate both wireline
 and wireless networks. 

At the end of 2004, end-user customers obtained their local telephone service by utilizing

approximately 145.1 million incumbent local exchange carrier (ILEC) switched access lines, 32.9 million competitive local exchange carrier (CLEC) switched access lines, and 181.1 million mobile wireless telephone service subscriptions.

Average Monthly Household Telecommunications Expenditures - By Type of Provider

	Average Monthly Household Telecommunications Expenditures
	
	

	By Type of Provider
	
	
	
	
	

	Year
	Local Exchange
	Long Distance
	Total
	Wireless Provider
	Total

	1995
	$30.00
	$21.00
	$51.00
	$7.00
	$58.00

	2003
	$37.00
	$10.00
	$47.00
	$41.00
	$88.00

	
	
	
	
	
	

	Source: Calculated by FCC Industry Analysis and Technology Division staff using survey data from TNS Telecoms


As can be seen, voice traffic has been steadily moving from wireline to wireless services since 1995.

Top US Wireline Network Operators 

	Company Name
	Annual Sales (2004) 

	Verizon
	71.2 B$

	AT&T

	30.5 B$

	Sprint/Nextel
	27.4 B$

	MCI
	20.6 B$


Top US Wireless Network Operators 

	Company Name
	Annual Sales (2004) 
	Venture of

	Cingular Wireless
	19.4 B$
	BellSouth (wireline) and SBC Communications (wireline)

	Verizon Wireless
	27.6 B$
	Verizon (wireline) and Vodafone (UK wireless)

	Sprint/Nextel
	27.4 B$
	Sprint (US Wireless) and Nextel (US Wireless)

	T-Mobile 
	9.3 B$
	Deutsche Telekom (German Wireline)


Providing voice services has also captured the interest of broadband internet service providers using VoIP
. Current changes in technology and regulation also allow cable and satellite television providers to compete with telephone companies. An important change has been the rapid increase in two-way communications capacity. 

	Current Broadband Penetration Statistics
:

During the year 2004, high-speed lines
 serving residential, small business, larger business, and other subscribers increased by 34%, to 37.9 million lines. 

	Advanced services lines
 of all technology types increased by 42%, to 28.9 million lines, during the year 2004. 

	ADSL advanced services lines increased by 88% and cable modem advanced services lines increased by 36% during 2004. 

	At the end of 2004, the service providers that report to the FCC had at least one high-speed service subscriber in 95% of the nation’s zip codes (99% of the country’s population lives in these zip codes).


Current Cable Penetration Statistics
:

	Basic Cable Customers (February 2005)

 
	73,219,360

	Cable Penetration of TV Households (February 2005)
	66.80%

	Cable Modem Customers (June 2005)


	23,500,000

	High-speed coaxial cable connections (cable modem service) increased by 30% during 2004, to 21.4 million lines.


Top Cable and Satellite Companies (Ranked By Sales) 

	Company Name
	Annual Sales (2004) 
	Number of customers
	

	Comcast Cable
	19.3 B$
	21.5 million 

- 7 million broadband customers
	

	Directv
	11.4 B$
	14 million
	

	Time Warner Cable
	8.4 B$
	10.9 million 

– 4.1 million broadband customers
	Partnered with MCI and Sprint in order to offer Digital Phone, a VoIP telephony service

	Echostar
	7.1 B$
	
	DISH network

	Cox
	6.4 B$
	2.4 million 

- 2.5 million broadband customers
	


The current state of offerings for VoIP can be seen in appendix D.
4. Who is promoting this technology and why? 

Over two-thirds of the world's wireless handsets are supplied by the top five handset manufacturers.

Top Handset Manufacturers (Ranked By Sales) 

	Company Name
	Annual Sales (2004) 

	Nokia
	39,6 B$

	Motorola
	31,3 B$

	Samsung
	9,2 B$

	Siemens
	93,4 B$

	Sony Ericsson Mobile
	8,9 B$


Given the size of the market for handsets, it is quite natural that the main proponents of FMC are the manufacturers of cellular handsets, because handset manufacturers believe that adding FMC capability will allow them to sell more handsets.  FMC was chosen as a target feature because it is fairly inexpensive to add Wi-Fi capability to a handset, and FMC is a truly disruptive technology that provides both cost savings and convenience to the customer.  

The handset manufacturers began to design FMC-enabled handsets, and several phones have come out with Wi-Fi capability, but so far, the only phone to have seamless handoff is the Motorola HC700-L
.  The HC700-L is the result of a collaboration among Motorola, Texas Instruments, Avaya, Proxim, and BSQUARE
.  In this collaboration, Motorola provided the wireless network services manager and the seamless handoff manager, Avaya provided the IP telephony software, Proxim provided the Wi-Fi infrastructure, TI provided the application processor, and BSQUARE was responsible for the integration of Windows CE.  Motorola’s HC700-L is limited in that it is only available as an entire solution for business users whose office already has an IPBX in place. 

The limitation of the HC700-L and other existing cellular devices with Wi-Fi capability does not represent the only roadblock for handset manufacturers.  While handset manufacturers are busy rolling out new handsets with Wi-Fi capability, no U.S. providers currently offer service plans that feature FMC.  It is in the handset manufacturers’ best interest to partner with providers to push for the incorporation of FMC into their service plans so that a demand for the handsets is created. 

Aside from handset manufacturers, there is one interesting startup company that has a different motivation for pushing FMC technology.  Kineto Wireless, which developed a line of products that handle the seamless transfer of calls from one telecommunications technology to another.
 Kineto’s line of products adhere to the Unlicensed Mobile Access (UMA) standard, which became the 3GPP standard for cellular/Wi-Fi convergence.  Kineto’s strategy here was clearly to push an open standard and to get incumbents to agree on this standard. Once that is achieved, they could sell their line of products which adheres to the said standard.   

5. How are affected players reacting? Why? 
FMC is a truly momentous technology in that it affects many markets; cellular carriers, handset manufacturers, VoIP providers, wireless hotspot providers, developers of cellular/VoIP seamless handoff technology, broadband Internet providers, and landline providers are all competitors in essentially the same service market.  While some of these parties have addressed this disruptive technology, others have yet to react.  

FMC has at times been predicted to be a boon for cellular providers and at other times predicted to be a threat.  Those who claim that FMC is advantageous to cellular providers point out that Voice over Wi-Fi could finally kill the LECs because it would allow cellular phone service to be a true replacement of wired phone service. 

Those who see FMC as a threat to cellular providers assert that cellular customers’ use of the cellular portion of the service will drastically decrease as users choose Voice over Wi-Fi whenever they are in range of a hotspot.  The users’ decreased dependence on the cellular network could mean reduced revenues for the cellular providers.  

Cellular providers have an opportunity to retain their revenue if they are able to charge for access to Wi-Fi hotspots.  T-Mobile currently has the most hotspots in the U.S., and other cellular companies, such as Cingular, Verizon, and Sprint/Nextel are reselling access to a 3,300+ hotspot network operated by Wayport, Inc., the world’s largest provider of wireless and wired Internet access for mobile broadband customers
. 

Regardless of what light the cellular providers view FMC in, cellular providers will need to provide FMC in order to prevent customer churn.  Comparison churn will occur if other cellular providers offer FMC while the carrier in question does not, and frustration churn will occur if the customer begins to expect carriers to offer FMC, though they do not.

The Voice over IP (VoIP) service providers should be in the Voice over Wi-Fi space as well, though there is currently surprisingly little activity from these competitors.  Skype, a major VoIP provider, will have its service installed on the i-Mate PDA, which is not currently used in the U.S., though a rollout is planned for the near future
.  VoIP providers should partner with handset manufacturers to get their service installed in handsets, and with cellular providers to have their service as part of the cellular plan.  Alternatively, cellular providers could develop their own VoIP service for customers to use when they are using their cell phones over Wi-Fi.  If cellular carriers do go with an outside VoIP provider, it is likely that the providers will require that Wi-Fi providers participate in revenue sharing.  

At first glance, Voice over Wi-Fi seems as though it’s a death sentence for LECs, since being able to use a cellular phone indoors over Wi-Fi means that calls with acceptable quality of service (QoS) can be made indoors. Moreover, the need for separate cellular, work, and home phone numbers is obviated.  With that being said, however, there are those that argue that the move to Voice over Wi-Fi could help keep landlines active because it’s possible that a customer, who has landline service and does not wish to subscribe to VoIP as a separate service, would like to switch to using her landline at home without having to end the call.  Instead of switching to VoIP via Wi-Fi, the customer can switch to the landline via the FMC handset.    LECs also have two other saving graces:  they are usually the ones who supply high speed Internet access to businesses and there is still a set of users who do not have broadband access and will remain landline users.

6. Additional Strategy Issues, Recommendations and Conclusion
Generally, this disruptive technology creates the following changes in strategy for the main players:
System effects – this technology relies on the interworking of several components: the handset, the cellular network, the VoIP technology, the Wi-Fi network, among others. As described above, and can be seen from the referenced news articles. There is currently no single strategy being  pursued, and so the possibilities of this technology becoming completely pervasive is still a while away.  However, limited implementations are currently being tested in order to gauge customer demand and the feasibility of providing this kind of service. Coopetition, thus, becomes very common. Examples of coopetition in this space include alliances formed with competing players:  Nokia and Cisco have formed an alliance, and Motorola, a direct competitor of Nokia, has also formed an alliance with Cisco (Cisco’s interest begins with its IPBX offering and supplying the underlying network infrastructure).  It is clear that companies interested in or affected by FMC need to work together.  Handset manufacturers need to work with cellular service providers in order to roll out FMC service plans.  VoIP providers need to determine what partnerships they will form with cellular service providers, so that they are not left out of the solution, and LECs need to be sure that they are able to plug into the overall FMC solution by offering hardware that allows the customer to easily switch to wireline service when appropriate.

FMC does not inherently enjoy the benefit of a network effect because it doesn’t provide connections to new nodes, but rather it enables a cheaper connection to existing nodes. However, an increased usage of this kind of phone might push the rollout of more Wi-Fi hotspots nationally.

Though this technology does not enjoy the benefit of a network effect, lock-in, however, could be rampant in the system.  For one, cellular providers enjoy the lock-in that already exists in the traditional cellular service, due to high switching costs for consumers.  Cellular providers that are also both LECs and hotspot providers can further achieve lock-in by bundling services.  Handset manufacturers may experience lock-in when they decide to go with a hardware component provider, such as Kineto Wireless, that provides seamless handoff hardware that adheres to one specific handoff standard.

Standards are a critical issue in FMC.  Standards for Wi-Fi include 802.11 a,b, and g.  Vendors such as Engim and Atheros are offering multi-channel chipsets, which allow AP (access point) vendors to design 802.11b/g and 802.11a into a single access point.  Handsets that are compatible with all 802.11x standards is clearly the way to go, since 802.11b/g are primarily used by non-business users, and 802.11a is primarily used by businesses.  This way, neither general users nor business users will be alienated by the failure to include the 802.11x standard that is most amenable to them.  Another standards issue is the standard for the handoff of the call from cellular to Wi-Fi and vice versa.  As mentioned, Kineto is pushing one standard in particular, and handset providers need to be careful here:  if Kineto is the only supplier of hardware that adheres to the standard that they are pushing, then handset manufacturers will be locked in to Kineto’s hardware.  

The FMC is indeed a very disruptive technology, especially because it affects many players and several very large markets.   It shall be interesting to see how it plays out.       

Appendix

A. Glossary

AP - Wi-Fi access point
FMC – Fixed/Mobile Convergence (also called WCC - Wi-Fi/Cellular convergence

And Cell-Fi)
IP PBXs – Digital PBX system that uses VOIP
LEC – Local Exchange Carriers. Wireline service providers that connect a voice call locally

Wi-Fi WLANs  - inside the office, wireless phones that use the office WLAN 
WiMAX — World Interoperability for Microwave Access, also known as IEEE 802.16 
Wireless networks - Operate through the transmission of signals over networks of radio 
Wireline networks - Use wires and cables to connect customers’ premises to central 
VoIP – Voice over IP. Voice communications are normally split up and reassembled by telecommunications companies’ switching and routing equipment. Voice over Internet Protocol splits up the conversation into packets in the telephone, transmitting the conversation over the Internet.

VoWLAN – Combination of IP PBX and WLAN to have an in-office portable phone (also called Voice Over Wi-Fi)

B. Standards:

802.11a operates in a cleaner band (5 GHz versus 2.4 GHz)

802.11b/g operates in the 2.4 GHz band

802.11g has better legacy support than 802.11a because it is designed to accept 802.11b users

C. Unlicensed Mobile Access

List of UMA Participating Companies: 

Alcatel 
British Telecom 
Cingular 
Ericsson 
Kineto Wireless 
Motorola 
Nokia 
Nortel Networks 
O2 
Research in Motion
Rogers Wireless 
Siemens 
Sony Ericsson 
T-Mobile US

D. Current VoIP offerings – correct to 6/15/05
	The VoIP Landscape
	
	

	
	
	
	
	

	
	Provider
	Plan description
	Price per month**
	VoIP subscribers ***

	Pure plays

	
	AT&T CallVantage
	Unlimited US and Canada
	$29.99 
	53,000

	
	Broadvoice
	Unlimited 21 countries
	$19.95 
	NA

	
	
	Unlimited in-state of your choice
	$9.95 
	

	
	Lingo
	Unlimited US, Canada, and Western Europe
	$19.95 
	NA

	
	
	500 min. US, Canada, and Western Europe
	$14.95 + $0.03/min.over
	

	
	Net2Phone
	Unlimited US and Canada
	$29.99 
	13,000

	
	
	500 min. US and Canada
	$14.99 + $0.04/min. over
	

	
	Packet 8
	Unlimited US and Canada
	$19.95 
	30,000

	
	
	Freedom international (live outside US, get 1,000 min to US)
	$19.95 + $0.04/min. over
	

	
	Vonage
	Unlimited US and Canada
	$24.99 
	390,000                       
(US and Canada)

	
	
	500 min. US and Canada
	$14.99 + $0.04/min. over
	

	
	
	
	
	

	Cable

	
	Cox
	Unlimited US
	$39.95 
	300,000                    (includes some circuit voice)

	
	
	500 min. local and LD US
	$25 + $0.05/min. over
	

	
	
	250 min. local and LD US
	$15 + $0.07/min. over
	

	
	
	US local and LD
	No monthly; $0.05/min. local, $0.10/min. LD
	

	
	Time Warner
	Unlimited US & Canada
	$39.95 
	200,000

	
	Cablevision
	Unlimited US & Canada
	$34.95 
	250,000

	
	
	
	
	

	Traditional telephony

	
	Verizon Voicewing
	Unlimited US and Canada (with Verizon DSL)
	$29.95 for 12 months; $34.95 after
	Est. 25,000

	
	
	Unlimited US and Canada (without Verizon DSL)
	$34.95 
	

	
	
	500 local & LD
	$19.95 + $0.04/min. over
	

	
	
	
	
	

	Portals

	
	AOL
	Unlimited US and Canada
	$29.99 
	Just released

	
	
	
	
	

	P2P

	
	TelTel
	SIP-based and PC-to-PC
	Free
	800K worldwide downloads

	
	Skype
	PC-to-PC and PC-to-phone
	Free PC-to-PC; $0.02 per min. PC-to-phone
	86M worldwide downloads

	
	
	
	
	

	*Not an inclusive list as of 6/15/05
	
	

	**Prices as of 6/15/05
	
	
	

	***As of 12/04
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E. Motorola

Motorola, Avaya, and Proxim, today introduced an enterprise platform that enables voice roaming between enterprise WLANs and the wide area cellular networks: http://wifinetnews.com/archives/004033.html
Motorola’s seamless mobility:http://www.motorola.com/mediacenter/news/detail/0,,4493_3826_23,00.html
Motorola’s site for seamless mobility: http://www.motorola.com/wlan/
Motorola’s phone connects to the office’s IP-PBX…assumes that this will be used by businesses only

Motorola’s collaborators:  TI, Avaya, Proxim, and BSQUARE

F. Diagrams and Figures

http://www.umatechnology.org/overview/index.htm
G. Quotes, Notes, and Links to Articles

Examples of HW manufacturers:

HP, TI, Motorola, Nokia 

HP’s article:  Wi-Fi isn’t just for data anymore

http://h71028.www7.hp.com/enterprise/cache/77895-0-0-225-121.html

HP plans to (or has) added Wi-Fi to the iPAQ.  HP claims that the cost of adding Wi-Fi is small.

Texas Instruments Atheros Communications have have developed WLAN chip sets that offer improved battery life.

White says the partnership has also developed techniques to hand off the call between an enterprise WLAN network and a cellular network, but he declines to provide any details about how that works.

--From http://www.pcworld.com/news/article/0,aid,116334,00.asp
--Nokia 9500 uses 802.11b
--http://www.nokiausa.com/phones/9500/0,7747,,00.html
--Skype coming to Wi-fi / cell phones:

--http://www.infoworld.com/article/05/02/11/HNskypecellphones_1.html

--skype will be on i-mate PDA (not currently used in the U.S., though a rollout is planned for the near future).  No talk of handoff to cell service.  

�  Bitpipe Dictionary: Fixed-mobile Convergence. � HYPERLINK "http://www.bitpipe.com/tlist/Fixed-mobile-Convergence.html" ��http://www.bitpipe.com/tlist/Fixed-mobile-Convergence.html�


� FCC Adopts NPRM Regarding Unlicensed Use of Broadcast TV Spectrum.  http://www.techlawjournal.com/topstories/2004/20040513.asp


�  Bitpipe Dictionary: Fixed-mobile Convergence. � HYPERLINK "http://www.bitpipe.com/tlist/Fixed-mobile-Convergence.html" ��http://www.bitpipe.com/tlist/Fixed-mobile-Convergence.html�


� Dual-Mode Smart Phones to Lead Mobile Convergence Push.  � HYPERLINK "http://www.cellular-news.com/story/14001.php" ��http://www.cellular-news.com/story/14001.php�





� See Glossary


� Source: Hoover’s Online


� Bought out by SBC


� See Glossary


� source: Federal Communications Commmission


� Speeds exceeding 200 kilobits per second (kbps) in at least one direction


� Speeds exceeding 200 kilobits per second (kbps) in both directions


� source: A.C. Nielsen Media Research, National Cable & Telecommunications Association


� Source: Hoover’s online


�Wi-Fi phones make a splash.  http://news.com.com/Wi-Fi+phones+make+a+splash/2100-7351_3-5296745.html


� Enterprise Seamless Mobility: Collaborators. http://www.motorola.com/wlan/collaborators.html


� Source:  Kineto Wireless homepage. http://www.kinetowireless.com/company/index.html


� “Wi-Fi phones make a splash.” http://news.com.com/Wi-Fi+phones+make+a+splash/2100-7351_3-5296745.html


�“Wi-Fi i-Mate Skype phones.” http://www.voipnow.org/2005/02/wifi_imate_skyp.html
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