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To optics and photonics experts, the status of wireless
communications will seem strange. There is a shortage
of technology to satisfy a substantial public demand. Pho-
tonic communication, in common with other information
services, progresses in an orderly fashion from science to
technology to standards to products to services. Then there is
a search for applications, which eventually emerge. And
finally there are revenues and rewards to the virtuous. I recall
a phone.call from the AT&T press office, while I was at Bell
Labs. The caller wanted to explain to a non-technical audi-
ence the significance of multi-gigabit transmission. I calcu-
lated that you could send all of Shakespeare, the Encyclope-
dia Britannica, and the Bible in a few milliseconds. The caller
thanked me for the impressive illustration. Neither of us
reflected much on whether anyone really wants to do that.

INFORMATION IS PERSONAL
By contrast, Dick Tracy, Star Trek, and others long ago pre-
pared the public for personal communications. However, in-
dustry and governments paid little attention until they were
confronted by a massive outpouring of demand. For the past
decade, the public has shown dramatically that people want
their information to be personal. The action in computing in
the 1980s was in personal computers. My WINLAB colleagues,
Melissa Gelfman and Philomena Genatempo, and | all have
Macintoshes in our adjacent offices. However, the three
computers look and sound and feel different—truly per-
sonal. By 1990, it wasn’t enough to have this reflection of my
personality on my desk. 1 needed a laptop. I want my
information to be personal and [ want it to be part of me, not
part of my home or my office. Similarly, in entertainment,
personal stereos are indispensable items for almost everyone.
In communications, two of the hot items of the 1980s



were cellular phones and cordless telephones. Both of these
products in 1992 are quite different from what they were
when they arrived on the scene about eight years ago. In
developing cellular technology, the aim of AT&T was to put
into my car the equivalent of my home or office phone. Just as
the instrument on my desk is part of the office and the one
attached to the wall in my kitchen is part of the house, the
cellular phone was part of the car. The cordless phone was
something to use when I couldn’t conveniently get to the
phone on the wall in the kitchen; for example, when I was in
the backyard or in the basement. In the early days, my callers
would immediately recognize something strange when I
answered the cordless phone. More times than not, [ went to
the kitchen and transferred the call to the wall telephone.

In the past few years, cordless and cellular phones have
changed a lot. Now people take cellular phones with them
when they leave their cars. Perhaps, in crowded cities, they
don’t use them in cars at all. Even though there is a big price
premium for lightweight portable phones, half of the cellular
phones purchased today are in this category. And like PCs,
they are personal. Most have automatic dialers and program-
mable directories for up to 100 names and phone numbers.
On the cordless side, we all threw away our original sets and
bought, at elevated prices, telephones that sound good. Just
as most people buy up-market personal stereos with high
fidelity sound, the biggest share of the cordless phone market
falls to expensive products with good sound quality. Now 1
use my cordless phone instead of the the one on the wall. It
truly is personal. Depending on who I am speaking with, |
take the phone to a different part of the house.

My cordless and cellular phones improve my life but in
different ways. I like the cordless phone because it is small
and light. (It weighs 100 grams and fits into any pocket.) It
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FIGURE 2: WIRELESS ACCESS TO A FIXED INFORMATION NETWORK.

costs me no more to use than my ordinary telephone and |
don’t worry too much about keeping its battery charged. The
one drawback is that I cannot use it when [ leave home. When
I am on the move, the cellular phone is excellent. I can use it
almosteverywhere. However, the serviceis extremely expen-
sive, and the battery needs recharging after 40 minutes of
conversation. As an engineer reflecting on the complemen-
tary advantages of cordless and cellular phones, I think about
a new type of communication that will merge their merits.
Figure 1 shows cellular and cordless telephony converging to
a single mode of wireless access to the public telephone
network.

Personal Communications Service (PCS) is the nomencla-
ture for the next major step in this convergence. Unlike
cellular and cordless telephony, there is no precise definition




of PCS. In fact the definition, as well as several other issues,
are subjects of intense debate. There are four major questions:
m What exactly is PCS?

m What part of the electromagnetic spectrum will it occupy?
m Which organizations will be allowed to provide PCS?

m Which technologies are best suited to PCS?

My purpose in this article is to discuss technology, so |
will not address the second and third questions. The follow-
ing general answer to the first one will be sufficient,  hope, to
put the technology questions into context:

With Personal Communications Services, people moving at
pedestrian speeds in public places will be able to make and
receive phone calls using lightweight wireless instruments.
The equipment and service will cost less than cellular and
appeal to a mass market.

TECHNOLOGY CHALLENGES
Figure 2 shows three devices that are necessary for wireless
access to fixed information networks. The terminal, with its
own power supply, is the user interface. It uses free-space
electromagnetic radiation to exchange signals with a fixed
base station. The base-to-terminal transmission medium for
PCS will be microwave radio channels at carrier frequencies
inthe range 1-3 GHz. While some PCS frequency assignments
are in place in Europe, the United States still awaits govern-
ment decisions on spectrum allocation. (Infrared signals,
which do not require spectrum licensing, may be used for
certainindoor, high bandwidth communications.) The switch
in Figure 2 connects the wireless information network to the
fixed information service.

Each wireless communication system has its own way of
moving informationamong the network elements in Figure 2.
In addition to user information, it is necessary to transfer
significant amounts of system control information. This con-
trol information allows the network to manage its resources,
most notably its wireless communication channels. It helps
the network adjust itself to the changing locations of the
terminals.

To understand why there is no
stable technology for PCS, consider
Table 1, which displays salient dif-

ferences between wireless access techniques and conven-
tional telephony. In each case, wireless access is more de-
manding than fixed access and we need new technology to
bridge the gap. One of the most contentious issues is nultiple
access to the transmission medium. This problem does not arise
in fixed telephone networks because each subscriber has
dedicated facilities (usually a pair of wires) for communicat-
ing with the system. However, in a wireless network, the
signals moving to and from all terminals get mixed together
in the air. How should we design the signals so that they can
be separated from each other at terminals and base stations?

In the cellular arena alone, there are three entirely differ-
entapproaches advocated for meeting the needs of the imme-
diate future. These approaches are based on frequency divi-
sion, time division, and code division—all established tech-
nologies in other application areas. The remarkable thing
about wireless communications is that technical experts can-
not agree on basic scientific issues related to the relative
merits of the three approaches. Issues of similar importance,
such as the advantages and disadvantages of coherent com-
munications, are settled by the photonic community long
before there is an urgent need to put something into the field.

I'will draw your attention to one other item in the table—
network configuration—and discuss in some depth its impact
on technical alternatives. Rearranging a fixed network is an
awkward matter, especially when the end user is involved. A
few months ago, WINLAB consolidated itself in a single
building at Rutgers. All of us moved there from other places,
and in spite of four weeks” advance notice to New Jersey Bell
and AT&T, it took over a week to get all the phones working
properly in our new home. The campus Ethernet did much
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better. Everything was operational in only two days. Now
consider the cellular network in any city. Every second,
several subscribers disconnect themselves from one point of
entry to the network (base station) and establish a connection
through another one. This happens automatically and imper-
ceptibly to the human user, even if that person has a call in
progress at the time.

This impressive feat is coordinated by the computers
that control the switches in Figure 3. In some places, these
computers are hard pressed to keep track of the changing
locations of terminals. In the busiest cellular systems—in
New York and Los Angeles, for example—there are about
200,000 subscribers and 100 base stations. Networks are orga-
nized hierarchically, as in Figure 3, with network control
concentrated in the switches. The busiest switches today
control about 60 base stations each. The communication links
between thebase stations and the switches represent a signifi-
cant fraction of the cost of operating the network. Usually
these links are copper wires or fixed microwave facilities. As
systems grow, optical fibers will be major candidates for
performing this task. However, it is not clear which fiber
plant is best suited to the job. Is it the one owned by the local
telephone company? Is it a cable television backbone? Or is
the best solution to be found in a special purpose network
installed only for personal communications?

RESEARCH ISSUES

Another major concern for researchers into future networks
is the ability of controllers to manage networks that are orders
of magnitude more complex than the ones we have now. The
added complexity will arise from a tenfold increase in the
number of system users. To accommodate this growth within
a limited radio spectrum allocation, it will be necessary to
have many thousands of base stations in a metropolitan area.
The same physical channels will be in use simultaneously in
dozens of base stations, all separated just far enough to avoid
damaging mutual interference. This channel reuse is the heart
and soul of cellular communications.

Now, the highest density networks have base stations
separated by about 2 km. To meet future demand, this spac-
ing will have to come down to the order of 200 m outdoors
and even less inside crowded business premises. Within
these microcells and picocells, network rearrangements will
take place thousands of times more frequently than they doin
present cellular systems. To manage the volume of changes,
it may be necessary to adopt a network architecture radically
different from the hierarchical one of Figure 3.

Figure 3 reminds me of air traffic control. A controller at
the airport tells each plane when it can take off and exactly
which altitude and direction it can adopt. The plane can
change course only under command of the controller. When
the plane leaves one control area, the controller hands the
flight off to a controller in another area by telling the pilot to
tune to another radio channel. This procedure closely paral-
lels the handoff operation of cellular systems. When it moves
to a new location, the cellular phone receives a command to
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FIGURE 3: HIERARCHICAL STRUCTURE OF CELLULAR NET-
WORKS. CONTROL IS CONCENTRATED IN THE SWITCHES.
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tune to a new radio channel. One problem with our air traffic
control system is limited capacity. The same technology
could never cope with the volume of traffic we have on our
roads. The control of automobile trafficis widely distributed,
with each vehicle making decisions based on internal knowl-
edge of where it wants to go and on observation of local
conditions.

In Personal Communications, the analogous distributed
control appears in the architecture of a Cellular Packet Switch
illustrated in Figure 4. Here all base stations in a service area
and all connections to the fixed network appear on the same
fiber optic metropolitan area network. Instead of information
streams on dedicated radio resources of a circuit switched
system, the Cellular Packet Switch assembles information in
short bursts, called packets. Each packet carries its own
source and destination addresses in addition to user informa-
tion or network control information. These addresses enable
the packets to reach their destinations without the interven-
tion of a central controller. Instead, network control is distrib-
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uted among hundreds of metropolitan area network interface
units, each associated with a base station or a port to the fixed
information service. Packets share, on a statistical basis, the
transmission resources of the metropolitan area network.
With this architecture, when a terminal moves to a new
cell, it observes the local environment and makes its own
decision to use a specific base station and radio channel. When
the terminal starts sending information to the new base station,

theinterface units on the metropolitan area network recognize
the change in location and re-route outgoing information
accordingly. Each interface unit caters to the needs of one
phone call. This eliminates the threat to hierarchical systems
posed by a flood of location changes that in a short time
overwhelm the processing capacity of a central controller.

In addition to the network elements shown in Figures 2-
4, advanced wireless networks will employ specialized data-
bases to manage subscriber access to
the network and to keep track of

Before finalizing
your vision system
design, call us.

Here’s why.

Because the lens you choose is so
critical, call UNIVERSE KOGAKU
and copsult with one of the world’s
leading resources of optics exper
ience in both design and production.

And if you're looking for standard
optical components, such as CCTV
lenses, microscope objectives, or lens
clements, you'll get them quickly. We
have a wide variety of stock items. In
fact, we can usually ship within 24
hours.

|——- 12,55 at 0'0'-1
—

i - \11
J

5 ¢

needs.

Lq ' =185
q bl = 1349

brochure.

UNIVERSE KOGAKU
(AMERICA), INC.

116 Audrey Avenue, Oyster Bay, NY 11771

(516) 624-2444 ¢ FAX: (516) 624-3109

Is your design highly specialized? Chances
are excellent that we may already have a
design very close to what you need. If not,
you provide the details and we do the rest.
g8 We'll work with you on any original
@ o _‘? design—just the way we do with today’s
| e top manufacturers of vision technology

l —but at production runs that meet your

| Whether it's for a stock item or a special

lens, check with UNIVERSE KOGAKU
first, and then finish your vision system
design. Call or write for a free product

everyone’s location. There will also be
several software-intensive devices for
systems operations, administration
and maintenance. With the Cellular
Packet Switch, the databases and other
devices willappear as clients and serv-
ers all connected through the metro-
politanarea network. Currentresearch
is focused on several network control
topics, including a new network op-
erating system, referred toas WIN*OS,
that will manage all of the network
elements, even as they grow, shrink,
and change location. Other research
topicsinclude theapportioning of con-
trol tasks among the various network
elements in a manner that maximizes
reliability and efficiency.

IT TAKES A LLOT OF WIRES TO
BE WIRELESS

Future personal communication net-
works will liberate humans from their
tethers to information services. Para-
doxically, we need anintricate “wired”
network infrastructure to make this
happen. This infrastructure will de-
liver not only telephony to a large
number of densely spaced terminals,
but also a wide variety of other infor-
mation services. Escalating require-
ments will call for advances in the
infrastructure. Astute deployment of
photoniccommunication technologies
will be essential to the success of Per-
sonal Communications Services and
other wireless networks.

The optics and photonics com-
munications community has created
impressive technology for other ap-
plications, such as undersea commu-
nications and television distribution.
The coming years will call for inven-
tions matched to the far ranging needs
of the next century’s wireless infor-
mation networks.
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