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1.  Introduction 
This memo starts with a brief history of cellular mobile communications in Canada (and to some extent in North America) and then turns to the PCS industry and its current state.  Cellular telephony has developed from an analog service with coverage in selected urban areas to a digital one with widespread urban and selected rural coverage.  In the process it has utilized several segments of the radio frequency spectrum and has facilitated roaming, the ability of subscribers to use their mobile phones or handsets in different geographic areas regardless of the particular carrier licensed to serve a particular region.

2.  The Advent of Cellular Telephony

Commercial radio-telephone services existed prior to modern cellular systems, but their capacity was severely limited.  For example the pre-cellular mobile telephone system had a limited number of channels (and thus the capacity for an equally limited number of simultaneous conversations) in each metropolitan area.  The key features of the cellular network are frequency-reuse and hand-off.  Together, these allow for a larger number of channels (and conversations) in any region and the ability to stay connected when moving from cell to cell.  Higher frequencies were used to implement these cellular systems, reducing cell size.  The major enabling technologies were large-scale integration for smaller phones and advanced computer switching to manage the system and call handling.

In the mid 1980s commercial service using the analog AMPS standard in the 800 MHz frequency band was rolled out in major metropolitan areas in Canada as well as the U.S.  (Canadian “cellular” service actually began in February 1983. However this was not AMPS. Alberta Government Telephones, now Telus, launched the AURORA-400 system. This so-called decentralized system operated at 420 MHZ, using 86 cells but featuring no handoffs. The technology employed frequency reuse but did not allow handoffs between the large sized cells. It worked well for a rural area needing wide area coverage but could not deliver the capacity that a system with many more small cells could offer, since more cells means more customers served.)
 The policy in both countries was to license two cellular operators in each metropolitan area using multiple channels in the 800-900 MHz frequency band.  One carrier would be the (or one of the) local “wireline” telephone company and the other would be a new entrant (the “non-wireline” carrier).  

On the non-wireline side Canada issued licenses for its 17 largest metropolitan areas via a competitive submission process in 1984 (?).  (The competitive, mutually exclusive, license evaluations are now known as “beauty contests” to distinguish them from the spectrum auctions that came later.)  The Cantel Cellular Radio Group (now RogersCantel) won the non-wireline licenses in all of the 17 regions and initiated operations in 1985 [?].  (These licenses were subsequently converted into a single national license.)  The wireline companies with licenses in Canada received regional licenses and formed the Bell Mobility alliance in 1985 to handle marketing, roaming, and other common concerns.

Advances in semiconductor technology that allowed for the reduced size of customer equipment and lower prices helped fuel the demand for cellular telephony.  Use shifted from mobile sets wired into vehicles to handheld phones that were easily portable but still usable in a vehicle.  This demand led to congestion on the existing analog systems in several areas and, eventually, to the adoption of digital technology.  However, there were several competing digital cellular standards.  While most European countries adopted a single digital standard—GSM, Canada left the choice of a standard to the existing carriers (as did the U.S.).  In general, all the proposed digital technologies allowed more efficient use of the radio-frequency spectrum by sharing time slots on a channel (or group of channels) and by having the base station control the power level of the mobile or portable unit.  All of the major North American cellular operators, including both Rogers and Bell Mobility, introduced digital operations on their existing systems in the 1990s, choosing either TDMA or CDMA technologies.
 

3. Related Technologies: iDEN and PCTS

Another outcome that resulted from the growth of cellular was the development of similar and follow-on technologies.  At the same time overall regulation of telecommunications was being liberalized and additional firms sought to enter fixed and wireless markets around the world.  Motorola proposed to upgrade and adapt its analog dispatch technology, licensed as “specialized mobile radio,” to a digital cellular technology or “enhanced SMR” (ESMR).  Clearnet in Canada and Nextel in the U.S. proposed using this technology in the 850 MHz band.  These carriers received licenses and operate “cellular-like” systems marketed under the iDEN or “Mike” brand names.  Of the other “families” of technologies, two are relevant to the Canadian situation.  The first was an enhanced cordless telephone technology, known variously as CT2, CT2+, DCT, or PCTS, and the second was a digital cellular technology operating at a higher frequency (1800–1900 MHz) or PCS.

Canada licensed four carriers to operate a service known as “digital cordless telephone” (DCT) or “public cordless telephone service” (PCTS) in the 944-948.5 MHz band in December 1992.  The PCTS licensees were Canada Popfone Corporation (with Sprint Canada as the lead partner), Mobility Personacom (the Bell Mobility companies), Rogers Cantel, and Telezone.  Canada Popfone became Microcell, which in its 1997 IPO shows write-offs of its CT2+ technology investments in 1994 and 1995 that total $4,414,000 (all figures in Cdn$s unless otherwise noted).  Popfone, Bell Mobility, and Telezone participated in PCTS field trials; of these, Telezone was the only operator to actually build and operate a system, covering parts of downtown Toronto.

PCTS turned out not to be a success.  Though variations of the technology would survive in later years in other countries, this was not the case in the early and mid 1990s in Canada nor in several European countries.  

4.  The PCS Licensing Process

The next phase of cellular telephone development began in 1995, when the government initiated a competitive submission process for the issuance of PCS licenses.  It made available enough spectrum in the 1900 MHz band to license several operators.  Following what was becoming standard international practice, the bandwidth was divided into two types of authorizations, 10 MHz and 30 MHz.  The total number of licenses to be issued was left unstated.  The licensing process involved formal expressions of interest followed by detailed submissions and then decisions by the licensing authorities.  There were 18 initial expressions of interest.  In the end X applications for the 10 MHz allocations and Y applications for the 30 MHz allocations were submitted to Industry Canada.  
There was general agreement that the licensing of new entrants, in addition to the two cellular incumbents, would provide increased competition, lower service prices, and overall benefit to Canadian consumers.  However there was considerable debate over whether there should be two or three new entrants.  It is probably fair to say that those that saw themselves as “front-runners” in the licensing competition argued for limiting to two the number of 30 MHz licenses while others argued that the public interest would be better served by three (or more) new licensees.  Also, while all PCS operators would have digital systems, the choice of technology was left to the applicants.  Both potential applicants and equipment manufacturers, especially those such as Qualcomm that had developed and licensed one technology or another, engaged in considerable lobbying to promote their choice of technology.  

The major bidders for the 30 MHz PCS licenses were perceived, at least by some, to be Clearnet, LanSer, Microcell, and Telezone.  Although none of these had traditional cellular licenses, all had played prior roles in the development of mobile telephony in Canada.  (Clearnet in SMR and ESMR, LanSer in wireless data and messaging, Microcell in PCTS, and Telezone in PCTS.)  The final decision by Industry Canada was to award two 30 MHz licenses and two 10MHz PCS licenses.  Both 30 MHz licenses were national; one went to Clearnet, the ESMR operator who proposed using CDMA technology, and the other to Microcell, who proposed using GSM technology.  The 10 MHz licenses were awarded to the cellular incumbents with the rationale that these limited spectrum grants would be most useful to the existing carriers to add capacity in congested metropolitan areas.  Each of these operators proposed using the same digital technology for PCS as they were already using for digital cellular—CDMA for Bell Mobility and TDMA for Rogers (although Rogers has since started overlaying its TDMA network with GSM in some regions).

The twin decisions of granting only two 30 MHz PCS licenses and permitting the use of two non-compatible technologies were controversial at the time.   Of course, in the ensuing debate the policy choices were often intermingled with arguments that one bidder or another should have won, regardless of the number of licenses or the technology.  And in some cases, companies that had taken a position in favor of one position (pro two 30 MHz PCS licensees) changed to another (pro three licensees).

5.  The Choice of Technologies Issue

While we address the question of the number of licenses in further detail elsewhere, it is useful to say something about the question choice of technology/technologies here.  Possibly the main argument for imposing, either by regulation or as part of the licensing decision, a requirement that all carriers use a single common technology is to lower the costs to consumers who wish to switch carriers.  However, this argument is not as compelling as it might first appear for several reasons.  First, the consumer cost of handsets had dropped and was expected to continue to drop.  A second, related, point is the continuing improvements in handsets, which lead many consumers to upgrade approximately every two years.  Third, incumbent handsets worked on a single band, so subscribers switching from cellular to PCS in the early years needed new handsets regardless of whether the technology was the same or not.  The fourth and final reason relates to the “North American Numbering Plan.”   Telephone numbers were  assigned to carriers in blocks (usually of 1000 or 10,000 numbers), with the carriers allocating these numbers to their subscribers.  When subscribers moved from one carrier to another, they needed to get a new number, which was seen by some as a significant barrier to switching.  (Recent adoption of “number portability” has changed this situation.)
A second technology issue focused on the purported benefits of one digital standard or another.  The GSM supporters pointed to its widespread adoption in Europe and other parts of the world, which would result in economies of scale in equipment manufacturing (and, therefore, expected lower unit costs) and allow for international roaming.  (However, it should be noted that GSM in Europe uses different sets of frequencies than in North America, thus low-end, single-band North American GSM phones can not be used in Europe and vice versa.)  As for roaming within North America, cellular operators in the U.S. had deployed both TDMA and CDMA systems and different prospective PCS operators were committed to the use of TDMA, CDMA as well as GSM.  

On another point, CDMA supporters claimed that its more complex code-division technology led to improved use of the spectrum, specifically by allowing more simultaneous conversations per channel.  While this claim is technically correct, the realized benefits have been less than what was originally claimed and the practical differences between the various digital technologies were perceived by some industry representatives to be relatively small.  TDMA proponents also pressed the point that CDMA was a relatively untried technology and, therefore, subject to more uncertainty with respect to the fulfillment of its technical claims.

Another major benefit that was claimed for CDMA-based PCS was the fact that the Globalstar satellite system would also use CDMA technology, therefore enabling those with special handsets to use PCS in urban areas and satellite-based handsets outside of PCS coverage zones.  It is the view of at least one of the authors that these claims are an implicit recognition of the major shortcoming of PCS technology and economics.  The smaller coverage radius of each cell at 1900 MHz compared to that at 800-900 MHz leads to the need for substantially increased investment to cover a given area.  This can make financial sense in urbanized areas with high demand per square kilometer, but makes increasingly less sense in suburban and rural areas.  The result is that PCS operators generally provide less coverage of smaller cities, outlying areas, and highways than cellular operators.  Claiming future satellite compatibility may have been an attempt to both undo the marketing disadvantage and to reduce the need for investment in coverage of marginal areas.  In any event, the current status is that while the CDMA-based Globalstar mobile satellite system is deployed and multi-mode phone are available, the service remains relatively expensive (though increasingly less so, with recent rate reductions), the phones are larger, heavier, and more expensive than cellular and PCS phones, and combined CDMA/satellite phones are a miniscule portion of handset sales.  Moreover, Globalstar is in bankruptcy organization.  It may also be useful at this point to comment on the claims that PCS would provide “innovative services to Canadian consumers.”  Although such claims were common when PCS was being introduced it now seems clear that there are no services—voice, data, or messaging—that are intrinsically linked to PCS, regardless of the specific standard employed.  Digital cellular operators in the 800-900 MHz band offer the same services as do PCS operators.  The extent of certain service features, such as in-building coverage in urban areas, may be more prevalent in certain implementations, but PCS offers no unique or distinct services. 

6.  Evolution of the PCS Industry 

Clearnet and Microcell inaugurated commercial PCS service in the fourth quarter of 1996.  By the end of 1997, Clearnet had 50,676 PCS subscribers (with and additional 44,549 for its ESMR service) and Microcell had 65,667 subscribers.  By comparison, the Bell Mobility companies had 2,494,000 subscribers and Rogers had 1,552,127.  It is important to remember that the cellular operators had a ten-year head start and greater coverage areas when comparing cellular and PCS. (These data come from the Canadian Wireless Telecommunications Association.)   Subscriber counts by company through 2000 are in Exhibit 2.)  Both Clearnet and Microcell made public offerings of their shares in 1997, which helped them to continue to expand coverage   During 2000 together they started serving over a million subscribers and over 15% of the industry total.

Exhibit 2: Cellular and PCS Subscribers by Operator, 1990-2000

	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000

	Clearnet Total
	
	
	
	
	
	
	5,065
	95,225
	308,473
	559,331
	731,140

	   PCS
	
	
	
	
	
	
	
	50,676
	194,378
	349,210
	435,641

	   Mike (iDen ESMR)
	
	
	
	
	
	
	5,065
	44,549
	114,095
	210,121
	295,499

	Microcell Total (PCS)
	
	
	
	
	
	
	2,030
	65,667
	282,174
	584,487
	922,527

	ILEC AffiliateTotal
	260,000
	425,000
	564,000
	748,000
	1,075,000
	1,535,000
	2,038,000
	2,494,000
	2,989,000
	3,586,377
	

	  Bell Wireless Alliance
	
	
	
	
	
	
	
	
	
	
	3,116,553

	   TELUS Mobility
	
	
	
	
	
	
	
	
	
	
	2,178,240

	RogersTotal
	265,662
	346,060
	459,810
	573,387
	793,882
	1,049,387
	1,369,616
	1,552,127
	1,737,600
	2,153,000
	2,513,900

	Total Subscribers
	525,662
	771,060
	1,023,810
	1,321,387
	1,868,882
	2,584,387
	3,414,711
	4,207,019
	5,317,247
	6,883,195
	8,731,220



Source: Canadian Wireless Telecommunications Association; available at http://www.cwta.ca/industry_guide/SubscribersStats_Q4_00.PDF.

However, as the PCS operators achieved this new subscriber level, the overall mobile industry was going through a period of major structural change, beginning in 1999.  Alberta Government Telephones had adopted the Telus brand name in 1990 and officially changed its name in 1996.  Telus and BC Telephone (a 51% subsidiary of GTE) announced a merger in 1998; the merger closed in 1999.  (I am leaving out the Stentor history.) The Mobility Canada companies (mostly Bell operating companies) renegotiated their agreement in 1999.  The new agreement gave Telus Mobility the right to offer wireless services outside of British Columbia and Alberta on a national basis via resale and the other Mobility members the right to compete in the Telus home area.
  Clearnet and Telus announced on August 20, 2000, that Telus would acquire Clearnet for stock.  The major effect of this was the emergence of four national wireless carriers, only one of which was a PCS-only carrier.  (Strictly speaking, Clearnet was never a PCS-only carrier because of its SMR and ESMR services.  But these products generally served different market segments than traditional cellular or PCS.)  It is also useful to realize that these changes have led to the subscriber data from 2000 and later years being not quite comparable to the data from the earlier years.  In addition to changes in organization and presentation, there are unexplained inconsistencies in the CWTA data from these years.  There are also several small unexplained inconsistencies between the CWTA data and the subscriber data in the company annual reports.  The post-2000 data are in Exhibit 3.

Exhibit 3: Cellular and PCS Subscribers by Operator, 2000-on

	
	2000
	2001
	2002

	Bell Wireless Alliance
	3,116,553
	3,907,450
	4,188,115

	Microcell (PCS)
	922,527
	1,209,210
	1,194,732

	TELUS Mobility
	2,156,200
	2,570,000
	2,856,800

	Rogers Wireless
	2,513,900
	2,991,900
	3,209,100

	Total Subscribers
	8,709,180
	10,678,560
	11,448,747



Source: Canadian Wireless Telecommunications Association;  available at: http://www.cwta.ca/industry_guide/SubscribersStats_Q3_02.pdf
PCS Network and Service Rollout

Clearnet had its existing SMR network and rolled out its “Mike” ESMR service starting in the fourth quarter of 1996.  Its PCS service began commercial operations during the fourth quarter of 1997.  Exhibit 4 shows the coverage for each network through the end of 1999.  Telus acquired Clearnet in 2000.

Exhibit 4: Clearnet Network Rollout

	Network
	1995
	1996
	1997
	1998
	1999

	SMR Coverage as % of whole Population (1)
	61%
	61%
	62%
	62%
	N/A

	MIKE Coverage as % of whole Population
	N/A
	36%
	46%
	54%
	67%

	PCS Coverage as % of whole Population
	
	
	34%
	45%
	54%

	PCS Coverage as % of Metropolitan Area Population (2)
	N/A
	N/A
	66%
	87%
	90%



Notes:
(1) Based on 30.5 million population

(2) Based on 15.8 million population 1997, 18.3 million in 1999.

Source:  … based on data from Clearnet. 

We have not found comparable data for Microcell.  It claimed to cover “over 60%” of the population in 2001.  RBC Dominion Securities puts the coverage at 63% in 2000.  Microcell also states that when one includes analog roaming its coverage was 94% in 2001.

7.  Market Shares of Mobile Operators  

Market share can be measured in a number of ways—in terms of revenues, profitability, subscribers, traffic, and so on.  The most widely used approach is based on subscribers, even though this often misses the financial rankings of the operators.  Also the subscriber-based approach is subject to differences of definition with respect to what constitutes an active subscriber.  Is it someone who pays his or her bill?  Someone who has used the service a minimum amount over the past three months?  Or someone who remains in the operator’s subscriber database?  As prepaid, family and other service plans that encourage a user to have multiple subscriptions or a subscription to allow for multiple users have come into being, confusion over what constitutes a subscriber has grown further.

The change in mobile industry structure in 2000 has also made it difficult to develop a consistent series of PCS market share data based on subscriber count.  One set of problems arises with the data from the operators with combined cellular and PCS operations.  (It is important to remember that “PCS” can have two meanings.  The first is services in the 1900 MHz band, the definition we have used above.  The second is as a more general term meaning digital cellular, regardless whether it is in the 800 MHz or 1900 MHz band.  Because of data problems that will become clear, for this section only we will use the term “PCS 1900” for the first definition when we are certain that is what the data represent.)  

Meanwhile, we would summarize some of the data reporting differences across the mobile operators as follows:

· The Bell Alliance companies have never reported PCS 1900 subscribers separately, and they do not offer (and may never have offered) a PCS 1900-only service.  Their coverage maps do show PCS coverage, but we believe these are digital coverage maps with no distinction between 800 and 1900 MHz bands.

· Rogers has reported separate PCS subscriber counts for three years—1998, 1999, and 2000.  However, the magnitude of these numbers and the context lead us to believe that they represent subscribers to the digital rate plans rather than PCS 1900 subscribers.  Rogers’ coverage maps do show PCS coverage and distinguish between TDMA and GSM (their two digital technologies), but we believe these are also digital coverage maps with no distinction between 800 and 1900 MHz bands.

· The Clearnet data separate their SMR, ESMR, and PCS 1900 subscribers.  Clearnet’s PCS 1900 subscriber levels grew from just over 50,000 at the end of 1997 to just under 350,000 at the end of 1999.  This represented 5.1% of the combined cellular (including SMR and ESMR) and PCS 1900 market.  Telus acquired Clearnet in 2000 and no longer reports PCS 1900 subscribers separately.

· Microcell has been the only company to operate solely in the PCS 1900 band.  Its subscriber count reached a year-end high of just over 1.2 million in 2001, dropping back slightly in 2002.  Its 2001 share of the overall market was 11.3%; this has fallen to 10.4% at the end of 2002.  For comparative purposes, one can note that Microcell had an 8.5% market share at the end of 1999, the last year for an independent Clearnet and when its PCS 1900 service had the 5.1% share.

Again, these market share numbers are based on subscriber count.  Were they to be based on share of revenues, they could differ considerably.   For example, the ARPU (average revenues per user) of iDEN service operators, such as Clearnet in Canada or Nextel in the U.S., are generally significantly higher than that of other subscribers.  Correspondingly, Clearnet’s overall revenue share (iDEN and PCS) is likely to be higher than its subscriber share.

.

� TelecomWriting.com, “Mobile Telephone History.” Available at: http://www.privateline.com/PCS/history9.htm


� This is another major area of terminological confusion.  Strictly speaking, GSM is one of the time-division multiple access (TDMA) technologies.  To highlight the distinction, what we call TDMA is referred to as D�AMPS (digital AMPS) in Europe.


� This is another area of terminological confusion important for this discussion.  Some reserve the term PCS or “personal communications services” for digital cellular systems operating in the 1800-1900 MHz frequency bands while other have used the term to refer to or market digital cellular service at any frequency.  We use the former, more limited, definition in this report.


� Telus Offer to Purchase Clearnet Shares, page 2, dated September 20, 2000.  Available at: http://about.telus.com/downloads/clearnet_offer_purchase.pdf
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