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(ABSTRACT)

The time lost to society due to the increasing delays assoctated with shopping access or
service is staggering. Using Clinton's minimum wage of $5.15/hr, we're "losing" almost $1.92
billion in "discretionary time" each week. With the establishment of the IVDS (Interactive
Video and Data Services) spectrum allocation by the FCC, some needed relief for this

"wasteful hemorrhage" is in sight.

In October, 1993, the FCC allocated the 218-219 MHz band to IVDS which is a two-way
"interactive super highway" that extends consumer television to provide new transaction and

information services; initially, the primary focus is on home-shopping.

The problem for the FCC is to promote competition within the IVDS industry, while the
problem facing IVDS operators is that of providing a minimum complexity, reliable, and cost
effective system. These problems of competition, cost effectiveness, reliability, and complexi-

ty are the focus for this study.

Within the context of IVDS, at least two (2) system approaches have already been proposed,
a duplex system based on TDMA and a simplex system "loosely” based on SSMA (CDMA).
A third alternative is a "cellular overlay" approach, which is proposed as part of this study.

This third approach utilizes the existing "cellular" infrastructure and relies on a high level of

synergy between the cellular operators and the ITV operators. Its ties to the existing cellular



network form the basis for superior reliability and cost effectiveness performance when

compared to the alternatives.

The study reviews the "existing" duplex and simplex proposals, and compares them with the
"overlay" alternative. The basic overlay concept and a description of key system viability
elements are presented. The fundamental systematics considered are: capacity; LCC (life

cycle cost); availability; multiple access; and cost effectiveness.

Since the purpose of this study is to present a viable alternative concept to existing proposals,
a relevant subset of the DoD early concept exploration/definition (C/E) phase was considered:
need (mission need statement); FCC requirements drivers; system concept feasibility and
functionality; LCC (life cycle cost factors); and initial "type A spec” input. This is a key

subset of the supraset making up the Systems Engineering Process.

Using the system availability and life cycle cost estimates, it is concluded that the proposals
rank, in order of most to least effective, Cellular Overlay, IRSinc, and E-on, respectively.
Based on "economies of scope and scale” which exist between cellular and IVDS, the synergy
between IVDS and cellular could translate to a savings of 38-48% relative to the cost for a

standalone 1VDS infrastructure.
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I. INTRODUCTION

How long is too long and when is the wait and subsequent loss of discretionary time justified
by the goal(s) of the shopping experience? Typically the answer 1s as complex as the society
we live in. With the increasing demand for rapid, often near real-time, response to real and

perceived shopping needs, the time is ripe for expanded/extended "home shopping services".

The time lost to society due to the increasing delays associated with shopping access or
service Is staggering. If we use just the 93.2 million households, in the U.S., owning at least
one television as an example', and assume an average time of 4 hours per week per household
lost to "waiting-while-shopping" (traffic, long lines in stores, congested aisles, travel time,
etc.), society "loses” 372.8 million hours (42.6 man-years) per week. Using Clinton's mini-
mum wage of $5.15/hr, we're "losing"” almost $1.92 billion in "discretionary time" each week.
With the establishment of the IVDS (Interactive Video and Data Services) spectrum allocation
by the FCC, some needed relief for this "wasteful hemorrhage” is in sight. The day is
dawning when increasing numbers of consumers will shop from the convenience of their
livingroom. However, such convenience does not come without a price tag, and the lower the

price the better received the service will be.

In October, 1993, the FCC allocated the 218-219 MHz band to IVDS. The FCC rules allow
for a maximum of two IVDS systems per service area. As described in CFR 47: "An IVDS
system is a point-to-multipoint, multipoint-to-point, short distance communications service for
its licensee to provide information, products, or services to, and allow interactive responses
from, subscribers located at fixed locations in the service area.” [2] In other words, IVDS is a
two-way "interactive super highway" that extends consumer television to provide new
transaction and information services; initially, the primary focus is on home-shopping. Each

IVDS system is one of the cellular telephone system service areas defined by the FCC:

1

Reported by Paul Kagan Associates, Inc. as of 2/26/93.
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metropolitan service areas (MSA) and rural service areas (RSA). Later in 1993, the FCC
issued, by lottery, free IVDS licenses for the nine (9) MSAs, and then, in 1994, the RSA
licenses were sold at auction. Each IVDS system (segments "A" and "B") in a service area
has a 500 KHz continuous sub-band within the 218-219 MHz band. In a service area,
operator "A" is allocated the 218.0-218.5 MHz band and operator "B" is allocated the 218.5-
219 MHz band.

Many technologies are available to support operators in meeting the technical requirements of
IVDS (FDMA, TDMA, CDMA being a few), but the IVDS challenge should not be underesti-
mated. On August 2, 1994, it was claimed, by the winner of 20 licenses in the FCC auction
process (Commercial Realty St. Pete Inc.), that E-on 1s "...far from ready to deliver the
technology needed for the (home-shopping and home-banking) services..."[3]. The problem
for the FCC is to promote competition within the IVDS industry, while facing IVDS operators
is the problem of providing a minimum complexity, reliable, and cost effective system.

These problems of competition, cost effectiveness, reliability, and complexity are the focus for

this study.

Within the context of Interactive Video and Data Services (IVDS), at least two (2) system
approaches have already been proposed. One approach (E-on Corp.) is a duplex system based
on TDMA. [3] The sccond proposal (IRSinc) is a simplex system "loosely” based on SSMA
(CDMA).[4] A third alternative is a "cellular overlay” approach, which is proposed as part of
this study.

This third approach utilizes the "existing cellular” infrastructure and relies on a high level of
synergy between the cellular operators and the ITV operators. The concept is duplex and
utilizes common modulation techniques with error detection to achieve accuracy in "transac-
tions". Its ties to the existing cellular network form the basis for superior reliability and cost

effective performance when compared to the alternatives.



The study reviews the "existing" duplex and simplex proposals, and compares them with the
"overlay" alternative which has the potential for greater cost effectiveness and earlier deploy-
ment. The basic overlay concept and a description of key system viability elements are
presented. Many more exist, but these, for the most part, form the "barometer of viability" for

such a system.

As a starting point for this study, a detailed acquisition process was reviewed. This basic
framework, associated with the DoD approach to the acquisition process, was certainly a
formidably detailed beginning. The process starts with a defined need and ends with system
disposal; however, there are many substantial activities in between. Since the purpose of this
study is to present a viable alternative concept to existing proposals, a relevant subset of the
DoD early concept exploration/definition (C/E) phase was considered: need (mission need
statement); FCC requirements drivers; system concept feasibility and functionality; LCC (life
cycle cost factors); and initial "type A spec” input. In support to these, the fundamental
systematics considered are: capacity; LCC (life cycle cost); availability; multiple access; and

cost effectiveness.

II. THE SYSTEM ENGINEERING PROCESS

This study applies the orderly evolutionary "thought process" of "The System Engineering
Process" to a proposed Interactive Video and Data Service (IVDS), interactive TV. It utilizes
a “systems engineering template” (see Appendix), based on "The System Engineering Pro-
cess".”? The study presents an alternative, to E-on Corp. and IRSinc, which utilizes the present
cellular infrastructure and overlays the IVDS on the existing cellular network. Using a

tailored version of Blanchard's system design process, the study presents the basic overlay

Derived from ["Systems Engineering And Analysis" (Blanchard and Fabrycky) Jand the["Sys-
tems Engineering Management Guide" (Defense Systems Management College)]
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concept and describes some key system viability elements.[1] The steps in the system life-
cycle process have been considered, as a "thought process” in nurturing the concept. Each

step has been addressed to the extent and depth necessary to fulfill the requirement.

A. Initial "Road Map"

As a starting point for this study, a detailed acquisition process was reviewed. Figure 1 de-

picts a basic framework associated with the DoD approach to the acquisition process; primary
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Figure 1. Generic DoD Program Acquisition Process and the Life Cycle Approach

system milestones are represented. This formidable process begins with a defined need and




ends with system disposal; however, there are many substantial activities in between. Which
are appropriate for this study? (In the extremely competitive commercial environment, the
winners will apply an effective minimal subset, of this process, to product development.)
Since the purpose of this study is to propose a viable alternative concept to existing proposals,
the subset of DoD process milestones to be considered are those associated with the early con-
cept exploration/definition (C/E) phase. More specifically, to be considered are (see figure 2):

need (mission need statement); requirements drivers; system concept feasibility and function-

ality; LCC (life cycle cost factors); and initial "type A spec” input. Additional guidance in the

MISSION AREA ANALYSIS (MAA)
MISSION NEED STATEMENT (MNS)

SYSTEM CONCEPT PAPER (SCP)

INITIAL TYPE "A" SPEC,
LCC FACTORS

MILESTONE 0 MILESTONE I

PROGRAM INITIATION
CONCEPT EXPLORATION/DEFINITION (C/E)
MISSION AREA ANALYSIS

Figure 2. Study Emphasis - Early concept exploration/definition (C/E) phase



"thought process" is provided by: a typical acquisition process specification requirements sum-
mary (with content description and program preparation phase as presented in Table 1); and a

typical system specification (Type A) summary which defines the system requirements.

Table 1. Generic Specification Requirements Summary

SPEC PREPARED CONTENT

TYPE A C/E PHASE Defines mission and technical
requirements; allocates requirements
to functional areas: documents design
constraints; defines interfaces

TYPE B D/V PHASE Details design requirements; states
performance characteristics of each
configuration item; differentiates
requirements according to complexity
and discipline

TYPE C FSD PHASE Defines form, fit, function, performance, and test
requirements for acceptance
TYPE D FSD/ Defines process performed during
PRODUCTION fabrication
PHASE
TYPE E FSD/ Defines production of raw or
PRODUCTION semi-fabricated material used in
PHASE fabrication




A summary of "Generic System Specification (Type A) Content/Requirements” may include

the following:

1.0
20
3.0
3.1

32

Scope

Applicable Documents

Requirements

System Definition
Mission
Threat
System Modes and States
Configuration Allocation
Interface requirements
Government Furnished Property

List

System Characteristics
Physical Requirements
Environmental Conditions
Nuclear Control Requirements
Matenials, Processes, and Parts
Electromagnetic Radiation
Workmanship
Interchangeability
Safety
Human Engineering
Deployment Requirements
System Effectiveness Models

33
34

35

4.0
4.1

42
43
44
5.0

Processing Resources

Quality Factors
Reliability
Modifiability
Availability
Portability

Logistics
Support Concept
Support Facilities
Supply
Personnel.
Training
Qualification Requirements
General
Philosophy of Test
Location of Test
Responsibility for test
Qualification Methods
Test Levels
Formal Tests
Formal Test Constraints
Qualification Cross Reference
Preparation for Delivery

Here again, an effective minimal subset must be considered; one which supports the activities

in figure 2. Included in the subset, considered, are conceptual elements relating to 1.0, 2.0,
3.0, 3.1, 3.2, and 3.4 from above.



III. THE NEED

As pointed out earlier, the economy is "losing"” almost $1.92 billion in productive time each
week. So, altruistically, the "need" for a home-shopping capability is to gain a collective sav-
ings of time for the harried masses. However, the "real need" is driven by motives within the
"sales/marketing industry” to define and benefit-from the potential of a broader, dynamic, and
lucrative market; the economic potential associated with the concept is, in itself, the source of
a "need", and the technology "has arrived”.’ Fueling the hype is the rapid growth of cellular,
cordless telephone, and paging services which has demonstrated the strong demand for
wireless services. With this has grown the optimism that IVDS will develop into a major new
market (or marketing tool)." For marketers (marketeers), TV is a viable method for reaching
potential customers. In this context, the "need" is to provide a cost effective (profitable)
system, in addition to reclaiming for its subscribers many hours of lost productive time. There
is also the "need" for competition desired by the FCC; the IMHz IVDS allocation was

established in two (2) 500KHz segments to provide for competition among service providers.

The "NEED", therefore, is to provide a minimum complexity, reliable, and cost effective
system, conforming to the requirements of CFR Title 47 Part 95, and to promote competition,
while benefitting society with a "significant savings of time"; CFR Title 47 Part 95 defines

the IVDS requirements.

"This is not a consumer-driven product, but a technology and supply-side driven one," said
Jim Penhune, analyst with BIS Strategic Decisions, a market research firm in Norwell, MA.
(Swisher, Kara, "Wireless, Interactive TV Coming to the Area"”, The Washington Post,
February 25, 1995)

AT&T Network Systems claims that 55% of Americans are willing to spend at least as much
every month on interactive services as they do on cable TV; based on "FIND/SVP telephone
survey. (from Interactive Week, 2/27/95)



IV. REQUIREMENTS (The Primary Drivers)

A. Salient FCC drivers

These are defined per CFR (Code of Federal Regulations) Title 47 Part 95:
» licensee must make service available to 10% of area's population (or land area) within
lyr; 30% within 3yrs; and 50% within Syrs
» spectrum allocation of IMHz is split between 2 frequency segments; A - 218.0 to
218.500 MHz, and B - 218.501 to 219.0 MHz.

» maximum Response Unit duty cycle < 5 sec/hr or £ 1% within any 100 msec interval.

B. Cost Targets

Generally speaking, cellular infrastructure costs are not widely published, but for guidance in

this important area of the system concept, cost structure models such as Reed's have been a

valued resource.[6] Based on these:

» Cost for the in-house Response Unit has been targeted at <$200; cost to subscriber may be
considerably less if subsidized by the service operator.

 Installed cost per subscriber is targeted at <$1700; estimated cost to the service operator.
C. Transmitted Power
Assume RTU power (ERP) to be the same as mobile, 0.6 - 4.0W [7]; the FCC allows 1.0 -

20.0W for IVDS.

V. FEASIBILITY and FUNCTIONALITY -



The design of an IVDS network is strongly driven by the radio transmission link (RF)
characteristics. An important concept of the network architecture in this environment is the
cellular approach to network design. These concepts are embodied in all the proposed

alternatives considered.
A. Channel Characteristics

Characterization of the channel is well documented. [7-9] However, it is worth noting that
channel characteristics at 218-219MHz are superior to those at 800MHz, which further
reinforces the argument for using the existing cellular infrastructure. In general, the propaga-
tion path loss increases not only with frequency but also with distance. As the distance is
assumed constant, the path loss, L;=20log,,(4nR/A)dB, is approximately 11dB better (less) at
218.5MHz than at 800MHz. Since C/I (carrier-to-interference) is an important measure of
radio channel quality, 1t is fair to conclude that IVDS can readily utilize the existing cellular
channel by introducing the proper antenna at the transmit and receive ends. Normal practice
in the cellular industry is to specify C/I = 18dB; however, this is for the mobile case. For our
fixed case, C/I 2 10dB is acceptable, further increasing the attractiveness of using the existing

infrastructure.[7]

The pattern of cell reuse for any particular system is based on traffic requirements. As traffic
increases over time, more cells can be inserted into the network by subdividing existing cells
into smaller cells (microcells). System capacity can be increased by a factor of 4 by halving
the cell radius [7]. Installation of directional antennas , transmitting and receiving over a

sector pattern, will also increase capacity.

Using the FCC duty cycle, the Erlang capacity is calculated as:

Q*T _ 2.39+10%(calls/hr/cell)x10

A(Erlangs) = 0 3600(sec)

-3
(5e¢) . 6.63X10"2(erlangs)
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where,

Q(callsfhr/cell) =360(offers/hr) *(.05 *13250)(callsfoffer|cell) = 2.39 x10°(calls/hr/cell)

Using the Erlang-B table, the required number of channels, C = 2; supporting traffic analysis

channel capacity, and population estimate are contained in the Appendix.

If a duplex channel size of 25KHz and frequency reuse factor of N=7 are assumed, the
number of available channels per cell is (S00KHz)/(7)(25KHz)=2, to account for system

overhead (guardbands, control, etc.).

However, we may be able to do better than this. Consider the geometry of hexagonal cells.
The mean reuse distance (D) is related to the cell radius (R), and the ratio D/R, called the

reuse ratio, is a function of the cluster size (N):

= y3=N

Do

For the seven-cell cluster with 2-mile radius, the repeat centers would be 9.2 miles away. For
example, the distant, but similar, on-frequency transmitter will cause cochannel interference
with a handset in its rightful cell. For a seven-cell cluster, there would be up to six such
interferers. Assuming an inverse fourth-power distance propagation law, an approximate value

of the carrier-to-interference ratio (CIR) is

I (X6) ¢p™*
Using D/R from above
c_1 2 2
~ =_(3N)*=1.5N
7 6( N)

This shows that the CIR is a function of the cluster size. Sticking with N=7, for now, CIR<73,

or 18dB. As cited above, Lee, among others, has shown this to be adequate for the mobile

11



case. But we're dealing with a fixed scenario for which Lee has determined CIR=10dB is

adequate. This leads to a cluster size, N=3.

Now, if a duplex channel size of 25KHz and frequency reuse factor of N=3, are assumed, the
number of available channels per cell is (500KHz)/(3)(25KHz)=6, to account for system
overhead (guardbands, control, etc.). This provides for some head room in our system

capacity considerations.

B. Alternative Concepts (The Proposals)

A high level composite view of the three (3) alternatives is presented in figure 3. This is

followed by a more detailed discussion of each.

It is not difficult to see that the alternatives are presented in order of decreasing complexity;
that is, E-on, IRSinc, and Cellular Overlay, respectively. Note that both E-on and IRSinc
require a new satellite communications link and many new terrestrial links. The Cellular
Overlay concept relies on modification to existing terrestrial links and requires no satellite
communication link. For later reference, also note that, with four (4) repeaters/cell (many
more in reality), the E-on system has nine (9) major functional blocks (TV broadcaster,
subscriber unit, satellite, CTS, administrative apparatus, and four repeaters); the IRSinc system
has eight (8) major functional blocks; and the Cellular Overlay concept requires four (4) major
functional blocks, which consist of modifications to the existing cellular infrastructure.

Complexity will weigh heavily in later availability considerations.

12
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1. E-on (formerly "TV Answer") -

This wireless duplex system, includes many systems for achieving interactive communication
between a central station and geographically distributed users/buyers (TV viewers). The
system” utilizes a typical satellite communication system employing intermediate repeater

stations. It is comprised of a network of local audience response units (Home Units), co-

IYDS/FCC ADMIN APPARATUS A
IRSinc AUDIENCE RESPNSE CNTR~_,.*" .

OVERLAY MTSO o -_,..-v‘" :
(e

N IVDSFCC RTU (SUBSCRIBER

i E-on HOME UNIT
e e IRSinc RESPONSE UNIT
E y OVERLAY RESPONSE UNIT
IVDS/FCC CELL TRANSMIR STATION (CT! ﬁ
F-on BASE STATION
OVERLAY CELL SITE
[ |

E-on REMOTE RECEIVER
IRSmc LOCAL AREA RPTR STATION

Figure 4. Composite - E-on proposal highlighted.

located with the users/buyers, and coupled to a central audience response processing station

(Hub) via repeater stations (Base Stations) and a satellite communication link. "Questions" are

> Based on Fernando Morales' patent (5,257,099)
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embedded, by the ITV operator, in the TV picture program transmission to the TV audience.
Being a real-time system, it is required that each local area repeater station and each end user
response unit be identified and verified by allocation of specific time slots for responses from
TV viewers; these are synchronized to a TV picture program transmission carrying the
audience "questions” to be answered. Awudience response units generate "answer" signals that
are communicated back to a central station, via a repeater station, and the "answer" is
synchronized with the "question" destined for a particular response unit so that positive
identification of the specific response unit may be made in real-time. In practice, a TV viewer
watches a program transmitted from the central station and, when prompted to answer a
"question”, responds utilizing a remote infrared device. This response is synchronized with
the transmission of the "question" to that specific TV so that the central station can identify

the "answer” from that response unit.

In his latest patent application, Morales identified several "significant” shortcomings, in his

prior patents (intellectual property of E-on)[4]:

1)  The central station usually requires a studio for generating a TV program with "ques-
tions" that are embedded in the video signal during specific time slots of the synchroni-
zation interval of each horizontal line in the video signal, which also contains the
normal TV program;

2) The viewer can only interact with the system for a specific transmitted TV program, in
real time;

3) The system is "quite expensive”, in that it incorporates two-way communication, over an
independent channel, from a central location to local area repeaters and then to viewers

at response units.

15



2. IRSinc

Although this wireless simplex concept also utilizes a central processing station, repeaters, and

response units at viewer locations, the system does not broadcast TV programs; nor does it
broadcast "questions"” for viewers.

.

[ TVEROADCASI'ER]

1VDS/FCC ADMIN APPARATUS *
E-on HUB

IRSine AUDIENCE RESPNSE CNTR

OVERLAY MTSO

IVDS/FCC RTU (SUBSCRIRER

N E-on HOME UNIT
. 's IRSinc RESPONSE UNIT
-4 [ 4 OVERLAY RESPONSE UNTT

IVDS/FCC CELL TRANSMTR STATION (CTS)
E-on BASE STATION
OVERLAY CELL SITE

E-on REMOTE RECETVER

IRSinc LOCAL AREA RPTR STATION

Figure 5. Composite - IRSinc proposal highlighted.

In this concept, TV programs and "questions” are generated by traditional programming
sources (broadcast and cable); "questions" may relate to surveys, or be offers for the sale of
goods and services. The programming sources obtain unique "questions” (product and service
codes), in advance, from the system operators. During a normal TV program, an advertiser

may offer a particular product or service for sale. During the offer, an audio tone is generated
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which corresponds to the unique code previously obtained. Viewers are provided with a
remote-control device at a response unit. In the event a viewer actuates the remote control
device so as to "accept” the offer, this event, along with the unique code, is transmitted
through a wireless link to a local area repeater station. The order is verified and then relayed
to a central audience response data center for further processing. This "ordering" process is
accomplished quickly, but not in real time, thereby, circumventing many of the limitations
associated with the E-on system. In addition, redundancy can be provided to increase the
likelihood that the wireless transmission of the "order" will be successfully received by a local

area repeater station.

Because of its unidirectional characteristic, this system promises to more effectively utilize the
500 KHz channel allocated by the FCC for IVDS communication. But, the simplex concept,
loosely based on SSMA, encounters problems with such things as high BER, limited capacity
(number of subscribers). It is doubtful that the 1% duty cycle requirement (1ms per 100ms)
will accommodate the FEC necessary to achieve the accuracy required for financial transac-

tions.

3. Cellular Overlay

The overlay concept is a novel extension of the fixed cellular concept to IVDS applications.

Fixed cellular has many advantages over the mobile scenario, Lee, p. 440 [7]:

» radio cost is low because the logic unit is simpler

 MTSO or regular switching can be used - less complex switch processor because fixed
system has no tracking requirements

* handoff not needed - reduced system complexity

» large area cell can be served - most links are LOS since both antennas are high (propaga-
tion loss approaches free-space loss; no multipath fading (required C/I = 10dB vs 18dB for
mobile case); directional antennas can be used at the subscriber location.

+ low-cost controller can be used
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By exploiting these advantages, utilizing the IVDS spectrum allocation, and integrating with

the cellular switching, the fixed cellular approach becomes very attractive in the IVDS

scenario.
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Figure 7. Composite - Cellular Overlay proposal highlighted
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Figure 6. "Generic" Cellular System.
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Within the 800MHz cellular infrastructure,
the IVDS service can take advantage of ex-
isting structures (shelters and towers), pro-
tocols, networks (switches, routers). Howev-
er, the 218-219MHz IVDS will require its
own RF link (transmitters, receivers, and
antennas); in addition, provision must be

made to prevent RTU-RTU communication



(FCC permissible communications restriction). If, in the basic cellular system, we replace the
mobile unit with a fixed response transmitter unit (RTU), utilize the cell site (augmenting its
functionality) as the cell transmitter station (CTS), and expand the capability of the mobile
telephone switching office (MTSO) to include the "IVDS administrative apparatus”, we will
have "overlaid" IVDS on the cellular infrastructure. Given the maturity of the "cellular

industry", this overlay approach should benefit from the maturity of that system's performance
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Figure 8. High Level IVDS Cellular Overlay Functional Details

in the area of the "-ilities" (reliability, maintainability, operability). If we restrict the use of
218-219 MHz to the RF link only, and otherwise strive for commonality within the existing
cellular framework, we will have taken a significant step in realizing a more cost effective

alternative to the other proposals. When the elements of the basic cellular system, figure 7,
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and the IVDS system, figure 8, are compared, a significant amount of functional similarity
(synergistic opportunity) becomes apparent:

» Mobile Unit (RTU) - contain a control unit, a transceiver, and an antenna system.

» Cell Site (CTS) - provide interface between the MTSO (CTS) and the mobile units
(RTU). Contain control unit, radio cabinets, antennas, power plant, and data terminals.

+ MTSO (IVDS Administrative Apparatus) - Coordinating element for all cell sites (CTS).
Contain cellular processor and switch. Interfaces with telephone company zone offices,
controls call processing, and handles billing activities.

» Connections - Connect the other subsystems with radio and high-speed data links

(uwave and T-carrier).

In this "overlay” concept, the 800MHz unit remains the mobile unit for voice, while the 218-
219 MHz unit is the in-home subscriber unit for IVDS. This unit uses the same dial-up
process as the mobile, and "dumps” stored, product ordering (for example), information (data)
over the enhanced cellular infrastructure to the IVDS Administrative Apparatus. Since data
services, such as this, can tolerate substantial delay in transmissions, "order" data is stored in
the subscriber unit, until a channel is available. This reduces channel access conflicts and data
errors. The notion of "audience response” data being embedded in the TV audio programming
facilitates the storage of such data in the RTU for subsequent forwarding to the CTS, if

desired by the subscriber.

This overlay concept will continue to benefit from the body of knowledge developed and

evolving for mobile cellular,

C. Multiple Access Considerations

Accessibility (Multiple Access capability) plays a key role in the profitability of the system.
TDMA (E-on), CDMA (IRSinc), and FDMA (Cellular) are the techniques of choice for the
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respective IVDS alternatives. Multiple Access is a continuing topic of study, and is well
covered in the literature; however, since TDMA, CDMA, and FDMA are integral to the
proposed concepts, these will be summarily treated here. In addition, for completeness in

evaluation of the alternatives, relevant results from the literature are included.

Multiple access is desired when two or more users share a common transmission medium. It

requires that the messages corresponding to different users be separated in some fashion so

that they do not interfere with one another. This separation of two or more signals can be

accomplished in several ways:

¢ Messages can be separated in time, insuring that the different users use different times.

» Messages can be separated in frequency, insuring that the different users use different
frequency bands.

» Messages can be transmitted at the same time and at the same frequency, but distinguished
by some other means. Usually this is done be code division, in which the users transmit

signals which are guaranteed to be unique through the use of specially designed codes.

1. Multiple Access by Time Division

The most common method of separating channels or users on a common digital communica-
tions medium is by ensuring that they transmit at different times. Known as Multiple Access

by Time Division, it has many variations, including TDMA.

a. Time-Division Multiple Access (E-on Corp.)

TDMA is applicable to a topology where there 1s a set of transmitters and a set of receivers,
all of which "hear" each transmission. Such is the case with the duplex (E-on) concept;
however, this is a problem with the simplex (IRSinc) concept in that the RTUs are transmitters

only.
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In TDMA, each RTU is assigned a specific time slot in which to transmit to the remote
receiver. Each RTU must ensure that its waveform is transmitted during its prescribed interval
only. TDMA involves more complicated operations than FDMA, including some form of
precise time synchronization among users. TDMA requires a centralized control node whose
primary function is to transmit periodic reference bursts that define a frame and force a
measure of synchronization of all the other nodes. The function of "centralized control node"
may be served by the program originator who may provide synchronization framing bursts
with each offer. This frame is divided into time-slots, as in TDM, and each user/RTU is
assigned a unique time-slot in which to transmit its information. Each RTU now transmits a
traffic burst within its assigned time-slot. However, frequency crosstalk between users is not
the problem it is with FDMA, since theoretically only one RTU uses the channel at a time.
Since each RTU uses the channel for intermittent time periods, TDMA systems require short
burst communications. This type of communications allows each RTU to transmit a burst of

information on its carrier waveform, during its allotted time interval.

2. Multiple Access by Frequency Division (IVDS Overlay)

The separation of many users on a common medium in analog transmission invariably uses
frequency division. This is the underlying technique used for AMPS (Advance Mobile Phone

Service).

In FDMA, RTUs are assigned specific frequency bands within the allotted IVDS bandwidth.
Separability is achieved by separation in frequency. FDMA is the simplest and most basic
format to implement, and, as a result, its formats are the most popular. Individual carrier
spectra in an FDMA system must be sufficiently separated from each other both to allow
filtering off of the carriers at the receiving station and to prevent carrier crosstalk. The
primary disadvantage of FDMA is its susceptibility to crosstalk. Another major disadvantage
on all media is the relatively expensive and complicated bandpass filters required; TDM is

realized primarily with much cheaper logic functions.
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a. Packetizing (IVDS Overlay)

The basic idea of packetizing a bit stream as a flexible approach for multiplexing a number of
such streams together is very simple. The information bits from each user are divided into
groups, called packets. A packet is analogous to a time-slot in TDM, although packets are
typically much larger. Packets can contain a fixed number of information bits, the same for
each packet, or more often the number can be variable from one packet to another. The basic
idea is then to interleave the packets from different users on the communications link. This is
an underlying technique used in cellular digital packet data (CDPD) to enhance the capability
of the advanced mobile phone service (AMPS).

3. Multiple Access by Code Division (IRSinc)

With CDMA, the IRSinc approach, the objective is to transmit signals from multiple users in

the same frequency band at the same time.

In CDMA, carriers are separated by assigning a specific coded address waveform to each
subscriber. Information is transmitted by superimposing this code onto the addressing
waveform, and modulating the combined waveform onto the RTU carrter. An RTU can use
the entire channel bandwidth (same as TDMA) and transmit at any desired time. Accurate
frequency and time-interval separation are no longer needed, but RTU receiver equipment

tends to be more complicated in order to carry out the address selection required.

Carrier separation is achieved at a receiver by identifying the carrier with the proper address
(corresponding to that of the receiver). CDMA carrier crosstalk occurs only in the inability to
correlate out the undesired addresses while properly synchronizing to the correct address for
decoding. System performance depends heavily on the ability to recognize addresses, which

often becomes difficult if the number of subscribers in the system is large.
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Two considerations in CDMA are the near-far problem, and the partial correlation probiem.
Partial correlation arises where no attempt is made to synchronize the transmitters sharing the
channel, or when propagation delays cause misalignment even when transmitters are synchro-
nized. In order to avoid crosstalk between users the partial correlations must be zero. The
partial correlations can be reduced by proper choice of the spreading sequences, but cannot be
totally eliminated. CDMA system capacity is thus typically limited by the interference from

other users, rather than by thermal noise.

The near-far problem results when geographically dispersed users are sharing a common
medium such as a RF channel. If all the users transmit at the same power level, then the
received power is higher for transmitters closer to the receiving antenna. Thus, transmitters
that are far from the receiving antenna are at a disadvantage with respect to interference from
other users. This inequity can be redressed by using power control; each transmitter can
accept central control of its transmitted power, such that the power arriving at the common

receiving antenna is the same for all transmitters.

4. Space-Division Multiple Access - The Cellular Concept (Overlay/IRSinc/E-on)

On cables and fibers, SDMA is manifested by parallel communications on physically separate

cables or fibers. In radio systems where a

large geographic coverage is desired and
FREQ BAND 2

large numbers of transceivers must be sup-
BASE STATION,

FREQ BAND 8 ported, it is common to divide the region

into cells. This is illustrated in figure 9,
REMOTE

where a regular array of base stations (in-

INBOUND PACKET FREQ BAND 11 cluding transmitter and receiver) is de-

(MULTIPLE ACCESS)
ployed, each one dedicated to mobile users

in its immediate area. Each transceiver co-
Figure 9. The Cellular Topology.
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mmunicates with the base station, resulting in hexagonal regions® associated with each base
station as shown in the figure. The motivation is to allow the same carrier frequency to be re-
used in different cells, increasing the overall system capacity. Transceivers in two different
cells can be assigned the same carrier frequency and iime slot, providing that the two cells are

far enough apart, since the remote transceiver will suffer a much larger propagation loss.

The key parameter of a cellular configuration and frequency assignment is the ratio of D to R,
where D is the distance to the nearest cell that uses the same carrier frequency and R is the
diameter of one cell. The larger the ratio D/R, the lower the interference from nearby cells
assigned the same carrier frequency. One goal in designing a modulation scheme for a
cellular radio system is to decrease the allowable D/R. All else being equal, this will increase
the total system capacity by allowing the same frequency to be assigned to cells closer to one
another. Another goal is to design a modulation and multiple access scheme within each cell

that is least susceptible to interference from other cells.

In the proposed overlay concept, the cellular configuration has already been established. The
alternative proposals will require development of a configuration; site acquisition and

construction are a part of this development effort.

D. CDMA, TDMA, and FDMA (IRSinc, E-on, Overlay) Compared

All three of the proposals are based on a cellular architecture. Typically, a cellular system ar-
chitecture is modeled as a pattern of abutting hexagonal cells as in figure 10. At the center of

each cell is a base station with an omnidirectional antenna. Remote terminals in the cell share

Hexagonal used for convenience of discussion; in reality, cell shape more closely approxi-
mates a circle.
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Figure 10. Cellular IVDS System Concept

a common channel for inbound
transmissions to the nearest base

station using an appropriate MAC.

Selection of a channel sharing me-
dia access control (MAC) technique
(ie., CDMA, TDMA, FDMA) for
"remote-to-base" (RTU - CTS) tra-
nsmissions is a key technical issue
related to IVDS network design.
Packet switching, instead of circuit
switching, is most appropriate for

IVDS; while circuit switching is

appropriate for voice-only traffic, it is not efficient for traffic which includes bursty data

sources. The MAC technique used in IVDS will have a significant impact on user performance

and system capacity.

Comparing CDMA, TDMA, and FDMA on the basis of symbol rate, we find (assuming B Hz

of available bandwidth, and N users):

user can achieve is 1/T=B/N, the same as TDMA.
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TDMA - A single stream of pulses with symbol rate 1/T=B can be transmitted. The stream
of pulses can be divided into N time slots, assigning each timeslot to one of the N users, so
that each user has available a net symbol rate of 1/NT=B/N.

FDMA - Divide the frequency band B into N frequency bands, and assign one to each user.
Each user then gets a frequency band B/N Hz wide, and the highest symbol rate that each

CDMA - Each of N pulses satisfy the Nyquist criterion with respect to symbol interval T,
and are mutually orthogonal for all translates by multiples of T sec.; a requirement of the

generalized Nyquist criterion is that B=N/T. Users are assigned one of these pulses to use



within bandwidth B Hz, and transmit with symbol rate 1/T Hz. The maximum symbol rate

that each user can achieve is 1/T=B/N, the same as TDMA and FDMA.

Each approach can achieve, in principle, the same aggregate spectral efficiency, since each one
achieves the same symbol rate per user, the same number of users, and the same total

bandwidth.

Many researchers have looked at the viability of overlaying CDMA mobile radio systems on
existing point-to-point microwave links. The concept behind CDMA overlay is that low-power
service could be offered directly on top of the existing terrestrial microwave band. This in
large measure is the thinking behind the IRSinc approach. The reasoning is that since existing
links use directional antennas, and thus do not radiate over a large geographical area, it could
be possible to intertwine IVDS frequencies, over a geographical area such that existing links
are not interfered with by the overlaid service. If a sufficient grade of service could be
offered through spectrum sharing between IVDS subscribers and existing link users (Channel
13), then CDMA may play a significant role in IVDS. Indeed, previous work, reported in [13-
15], demonstrates that broadband CDMA can co-exist, as an overlay, in the same frequency
band with conventional narrowband signals; thus, increasing the overall spectral efficiency in

that frequency band.

The voice-only digital mobile scenario has recetved much attention in the literature, ie.[20-22].
As noted above, CDMA approaches have the potential for "overlay" operation and significant-
ly higher bandwidth efficiencies, while suffering from technical difficulties such as power
control. Gilhousen, et al, demonstrated that CDMA exhibits a capacity advantage of 3:1 to 7:1
over FDMA [22].

Of interest is the reuse of frequencies in IVDS design. As noted above, in TDMA the total
system bandwidth (B,) for remote-to-base communication is divided into N, frequency bands

for intercell coordination. Since the same frequencies are reused in each cluster of cells, the

27



reuse efficiency is 1/N_. In CDMA, the total system bandwidth (B,) is available for spread
spectrum operation by any "remote" in the system. The efficiency of spatial reuse, in CDMA,

depends upon the channel propagation loss, among other factors.

Wilson, et al, made note of the sensitivity of the CDMA channel to the propagation loss
coefficient (), and emphasized its importance by presenting their findings in terms of three
different values of Y(Lp in table 2). [16] These data, for equal numbers of voice and data
users, are presented in table 2. The results show that a CDMA-based network does have a
higher capacity than that of TDMA, but that the CDMA system advantage is very sensitive to
the channel propagation loss, ranging from 2:1 to 4:1. In addition, it's shown that CDMA
provides adequate delay performance for short data messages, but is at a disadvantage to

TDMA for longer messages.

]

Table 2. CDMA and TDMA compared

SUMMARY COMPARISON OF CDMA and TDMA
(with INTEGRATED VOICE/DATA TRAFFIC)

TDMA CDMA (Lp=2.5) CDMA (LLp=3) CDMA (Lp=4)

Efficiency (bits/s/Hz/cell) 0.1116 0.224 0.336 0.432
Capacity U (=Uv + Ud) 254 500 680 900
Data Delay (1 kbit) 93 ms 80 ms 80 ms 80 ms
Data Delay (8 kbits) 156 ms 621 ms approx 621 ms  approx 621 ms
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These results, coupled with those of Gilhousen, make a strong case for CDMA over TDMA

and FDMA as the MAC technique of choice. However, the results reported are based on ideal
power control to overcome the "necar-far problem”. The IRSinc approach, being unidirectional,
has no power control capability. This will result in unacceptable interference among subscrib-

ers.
E. Availability -

The larger the System Scope, the Less Reliable the System. ’ Large systems are inherently
difficuit to design, coordinate, and maintain. A basic result from reliability theory is that if we
have N (statistically) independent components in our system each with reliability r, , i =

1,..,N, then the probability the entire system is operating is
N
II(:l T i

This probability may be called the system availability, A. Since r, < 1, adding components
can only reduce system availability. Of course, parallel components can be added and
adjustments made to increase the individual r, , but this only serves to diminish the rate of loss

in availability as size increases; it cannot change the direction.

If we double the scope of the system, that is, the number of components that must be oper-
ational for the system to function, the new system has N' = 2N components. Further, assume
that each component has the same availability factor such that r; =r and r', =1'. The systems
will have the same availability if A, = A, or I =1 *. This is achieved whenr' =1'%, Ifr=
0.90, then we must have r' = 0.95. In this case, doubling the size of the system requires that

we also cut the downtime of each component in half.

"Third Principle of Manufacturing Systems", from R. J. Askin's text, "Modeling and Analysis
of Manufacturing Systems"
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If it is assumed that r = 0.99 for each major system block, N, in figures 4 thru 6, then the

effects of increased complexity, on the pro-

posed systems, is reflected (at a high level)

Table 3. System Availability in table 3. The underlying composite sys-

- tem is made up of N = 9 major functions (1-

PROPOSAL " N " A ‘
TV broadcaster, 1-RTU, 4-repeaters/cell site,

E-on 9 0.91 1-CTS, 1-Admin Apparatus, 1-satellite).
IRSInc 8 0.92
O/L 4 0.96 F. Modulation

The system's information-bearing signal
must conform to the limitations of its channel.® While the bit streams to be transmitted are
inherently discrete-time, the physical media are continuous-time in nature. Modulation is used
to represent the bit stream as a continuous-time signal for transmission. Many techniques exist
and a discussion of each is beyond the scope of this study. However, a brief look at QPSK
and MSK will be presented since these are the modulation schemes associated with the three
approaches addressed in this study. From a cost standpoint, QPSK is attractive because it is
being utilized more widely in digital mobile telecommunications in order to accommodate

increases in the number of subscribers.

Many practical communication channels do not support transmission of baseband signals
because most physical transmission media are incapable of transmitting frequencies at d.c. and
near d.c. QPSK is in common use on media with constrained bandwidth, such as the present
case (ie. radio). It uses two sinusoidal carriers of the same frequency (90° phase shift) which

are modulated by the real and imaginary parts of a complex-valued baseband signal. Using

A composite channel consisting of multiple subsystems; channel characteristics depend not
only on the properties of the physical medium, but also on the design of the associated
subsystems. Composite channels usually arise in the context of multiple access, which is
access to a physical medium by two or more independent users.
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the QPSK technique and the 25KHz channel width assumed earlier, the bit rate, R, = 25Kbps;
with MSK, R, = 16.7Kbps.

There are a number of ways of comparing different modulation techniques. The appropriate
method depends on the context. Some of the measures of interest when making comparisons
include: average transmitted power; probability of error; spectral efficiency; coding gain;

implementation cost or design effort.

The probability of error is normally the basic measure of the fidelity of the information
transmission. Of primary concern in this study are the probability of bit error (BER), and the
probability of symbol error (SER). Improvement in BER and SER can be realized by utilizing
coding techniques. The potential advantage of using coding techniques is different for
modulation formats that are otherwise comparable. Coding gain is usually defined as the
decrease in received signal power that could be accommodated at the same error probability if
coding were used in conjunction with the modulation system. An important practical criterion,

is the implementation cost of design effort required to realize a given modulation scheme.

The simplest approach to comparing modulation systems is to calculate their error probability

as a function of all the relevant parameters.

G. Bit Error Rate (BER)

Performance of digital communication systems is often measured by the probability of bit
error, also called the bit error rate (BER). On an additive Gaussian noise (AWGN) channel,
the bit error rate can be reduced by increasing transmitted power, but it is by the performance
at low transmitted power that one judges the quality of a digital communication system. The
better of two systems, otherwise the same, is the one that can achieve a desired bit error rate

with the lower transmitted power.
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Given a message, s(t), of duration T containing K information bits, the bit energy, E, , is

given by

E
E-_"
¢

where
E, = fo’.s(t)2 dt

is the message energy.

Bit energy E, is calculated from the message energy and the number of information bits at the
input to the encoder/modulator. At the input to the channel, one may find a message structure
in which a larger number of bits is perceived. The extra symbols may be parity symbols for
error control, or symbols for frame synchronization or channel protocol. These symbols do
not represent transmitted information, and their energy must be amortized over information

bits. Only information bits are used in calculating E, .

For an infinite length message of rate R information bits/second, E, is defined by

S

Eb=—R‘

where S is the message average power.

In addition to the message energy, the receiver also sees a white noise signal of one-sided
spectral density N, watts/hertz. Only the ratio E / N, or E, / N, affects the BER because the
reception of the signal cannot be affected if both the signal and the noise are doubled.
Signalling schemes can then be compared by comparing their respective graphs of BER vs

E, /N, . Such comparisons abound in the literature; references [10 - 12] offer very good

treatment of the subject with supporting graphs. Presented in the appendix are graphs and
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tables of results. These are based on the equations for P, (BER) and P, (SER) derived in the
above references (for BPSK, QPSK, MSK):

P, - 2E” . P.=2Q 2E"
o) | el

Since the data being transmitted represents a financial transaction, accuracy is given a high
priority. The tabulation in the appendix stipulates an E,/N_ of 10.8 dB to achieve an uncoded
SER of 10°. This may be satisfactory; however, at the expense of complexity and data rate,
coding techniques such as Reed-Solomon forward error correction (FEC) can be utilized in

next generation designs to push SER to 107, if required.

VI. KEY SYSTEM CHARACTERISTICS (Overlay Concept)

Advertisers will utilize traditional programming sources (broadcast and cable) to provide for
the sale of goods and services. These programming sources will obtain unique product and
service codes (Product Identification Code - PIC) from the system operators. During the
broadcast of a TV program, advertisers offer products or services for sale. An audio tone,
which corresponds to the unique code (PIC), is embedded in the broadcast signal. When a
subscriber actuates the service response unit, provided by the system operator, so as to
"accept” the offer, this event, along with the unique product code (PIC) and subscriber
identification code (SIC), are transmitted through a wireless link to a local cell site. The
order, PIC plus SIC, is then relayed to a central service data center for verification and further
processing. This "ordering" process is accomplished quickly, but not necessarily in real time.
(Coding techniques will be required to increase the likelihood that the wireless transmission of
the "order" is successfully received at a local cell site.) The integrity of the RF link is a

significant key to the success of the ordering process. In the traditional cellular environment,
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BERs on the order of 10 are acceptable (for voice); however, since the data being transmitted

in the present case represents financial transactions, BER < 10 is more appropriate.

A. An IVDS host - CDPD's Role

Traditionally, the lag between the introduction of a standard and the availability of new
equipment has prolonged the instailation of the standard. This is not so with CDPD. To
hasten CDPD's deployment, several third party vendors offer equipment for the infrastructure
and subscriber side. All of this bodes well for the IVDS Overlay concept.

Rather than baselining a new system topology, it will prove to be more cost effective, and
increase the chances for acceptance of the service, if familiar (or, at least not totally service
unique) equipment and operating procedures are provided to the subscriber. To this end, as
the cellular digital packet data (CDPD) network evolves, enhancing the capability of the
existing advanced mobile phone service (AMPS) to handle the growing data needs of a society
on the move, opportunities exist to utilize "existing equipment” to meet the IVDS requirement.
By adapting the CDPD subscriber and system equipment to utilize the 218-219MHz spectrum
allocation for dedicated IVDS channels, there exists potential for amortizing CDPD and IVDS
costs over a greater user base and reduce the service rates to the subscriber and increase

revenues to the operators.

CDPD, at a little over one year old, is proving itself to be a much needed enhancement to the
existing phone network. It transmits digital packet data at 19.2Kbps, using idle times between
cellular voice calls on the AMPS analog cellular infrastructure. Some applications are credit
card verification, real estate transactions, telemetry, and electronic mail. The network is
designed so that it's transparent to AMPS. A Mobile Data Base Station (MDBS) resides at
each cell site and receives RF signals from the same antenna as AMPS, see figure 11. The
MDBS has a scanning receiver that scans all of the AMPS channels to detect the presence of

voice traffic (based on signal strength). If two channels (one for transmit and one for receive)

34



are idle, the MDBS establishes an air link between itself and a mobile wireless data system
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Figure 11. The CDPD concept

that wishes to use these channels for transmission.” The MDBS is fast enough to detect if and
when an analog voice signal is ramping up on an established air link RF channel. It takes
approximately 40msec for the channel to ramp up before voice 1s transmitted, which is plenty
of time for the MDBS to disconnect the digital data link and establish one on another idle
channel. CDPD thus becomes transparent to AMPS, which runs in parallel to the CDPD
network. CDPD is a packet switched architecture which doesn't establish a circuit switched

cellular connection between two points, as AMPS does.

According to research, 30% or more of a channel's air time is idle, even during heavy traffic,
so there is ample time to establish the air link.
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CDPD provides connectionless network services (CLNS) wherein the network individually
routes each packet, based on the destination address the packet carries and knowledge of the
current network topology. Initially, CDPD supports the intemet protocol (IP), which is the
network layer protocol of the transmission control protocol/IP (TCP/IP) suite defined by

Internet and the connectionless network protocol (CLNP), which is the OSI standard protocol.

A mobile-ES (M-ES) is a portable wireless computing device, such as a personal digital
assistant (PDA), that can roam from cell site to cell site and communicate with the CDPD
network via the MDBS. The MDBS creates an air link comprising two RF channels for
forward and reverse communications between multiple M-ESs. The forward channel is a
contentionless broadcast channel that extends from the MDBS to the M-ESs. Multiple M-ESs
share the reverse channel, which extends from the M-ESs to the MDBS. Two M-ESs on the
same reverse channel cannot communicate with each other. An M-ES can access the reverse
channel using a slotted digital sense multiple access with collision detection (DSMA/CD)
method. The method is similar to carrier sense multiple access with collision detection
(CSMA/CD) that ethernet uses. The forward channel transmits synchronization and timing in-
dicators to permit the M-ESs to synchronize to the DSMA/CD clock. If two M-ESs transmit-
ting at once collide, the MDBS detects the collision and generates a flag that indicates that a
block of data was not successfully transmitted. The MDBS then directs the M-ESs to

retransmit the data later.

Groups of MDBSs that control each cell site connect to another CDPD entity, the mobile data
intermediate system (MD-IS). A geographic grouping of cells defines a serving area or rout-
ing domain for each MD-IS to manage. Each MDBS acts as a data link relay system between
an M-ES and the serving MD-IS, which must manage multiple MDBSs.

In order to accommodate the growing data traffic requirements, operators are dedicating at
least two channels to CDPD. Rather than burden these channels with the IVDS requirements,
IVDS will supplement the CDPD modem, and RF link, with a 218-219Mhz capability, and

36



I}

Figure 12. CDPD/IVDS Network

otherwise take advantage of the CDPD infrastructure.

As depicted in figure 12, a CDPD subscriber's modem and an AMPS cellular phone communi-
cate with the same cell site. An MDBS at the cell site searches the RF channels for idle space

to establish an air link with the CDPD modem. AMPS cellular traffic runs in parallel with the
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MDBS and the rest of the CDPD network. In order to utilize the IVDS service, the subscriber
has but to switch the modem from the CDPD to the IVDS mode.

In the IVDS mode, figure 13, the CDPD/IVDS ES processes the audio signal (PIC) from the
subscriber receiver (TV) and stores the PIC in memory for the expected period between offer-
ings. During this period, if the subscriber provides via the SIC a "buy order", then PIC + SIC
are transmitted over the IVDS channel. Order validation is carried out at the MTSO, which

then returns an order confirmation to the subscriber response unit.
VII. LIFE CYCLE COST

A. Life Cycle Cost Projection "
A network architecture that will meet the cost objectives of a widely deployed service and the
performance objectives sct by today's digital carriers is required. In particular, IVDS system
costs should be optimally distributed among the RTU, CTS, Administrative Apparatus, and the
network. Expensive handsets, for instance, will not lead to the widely deployed "niche" service
envisioned for IVDS.

1. Capital/Fixed Cost

Service operators treat system cost data as proprietary information; however, models exist

which can provide relative cost data for concept comparison purposes.[6]

10

In the context of this study, LCC is the operator's cost to build and operate an IVDS network.
Costs included are: capital expenses (startup costs), network maintenance; network
interconnection charges to PSN; sales and marketing costs; and general administration costs
(billing and other admin costs) For purposes of comparison, a useful economic lifetime of 10
years is assumed.
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It is expected that the fixed costs of a IVDS network using very small radio cells are high in
relation to the fixed costs of providing IVDS using existing cellular infrastructure. These cost
deltas will be most pronounced during the early "rollout stages" when market penetration is at
the lowest level. The extent to which synergics exist between IVDS and existing services can
be predicted by using the economic concepts of economies of scale and scope. Economy of
scale is present when unit costs decrease with increasing levels of output. Economy of scope
exists when the cost of providing services over one network is less than the combined cost of
separate networks. The degree to which these concepts apply to the alternative systems under

consideration, will, in large measure, determine the most viable approach.

We can split the fixed costs associated with [VDS into those associated with the major
functional areas: RTU; CTS; Network; and Administrative Apparatus. Using Reed's estima-
tions of cost'’, we can establish a "baseline" from which relative comparisons can be made.[6]

Table 4 summarizes the results by func-

tion. Using figures 4, 5, and 6 for refer-

Table 4. Functional Cost Estimates ence, Table 5 provides a high level

| FUNCTION " COST | summary of the functional requirements

for each proposal. For each alternative,

RTU 30.84M the "baseline" estimates of table 4 have
CTS $2.10M been factored by a scale factor (SF) to
Network $3.50M account for complexity differences
Admin App $1.60M among functions. Figure 8 serves as
TOTAL= $8.04M the baseline functional reference and SF

is a subjective estimate of complexity
relative to that baseline. The repeater
(RPTR) has been assumed to be 10%(1-
RSinc) and 5%(E-on) of the complexity of a cell site (CS), there are 4 RPTR/CS. ADM+NTK

1 Based on 25,600 households, 2 subscribers/household, 10% penetration. Used 2MHz figures.
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Table 5. Functional/Total fixed cost estimate by proposal.

FUNCTION
%Tl
RTU RPTR CTS ADM+NTK

SF M SF $M SF M SF $M

IRS 0.7 0.59 0.4 0.84 NA NA 1.0 5.1 6.53
O/L 1.0 0.84 NA NA 04 0.84 0.25 1.25 293

has been assumed to be 100%(IRSinc and E-on) and 25%(QO/L) of the complexity of the base-

line network plus administrative apparatus.

2. Operating/Recurring Costs

The operating expenses of IVDS, beyond the initial capital expenses, fall into categories of
maintenance, sales and marketing, and administration. > Annual network maintenance expens-
es are assumed to be 10 percent of the IVDS network capital costs. Sales and marketing costs
begin at $200/subscriber (2.5% penetration) and decrease linearly to $75/subscriber (>20%
penetration); an average of $137.50/subscriber was used. Annual administration costs include
$60/subscriber (billing) and $75/subscriber (other administrative costs). [6] As standalone
infrastructures, E-on and IRSinc incur 100% of these costs, while the Cellular Overlay
approach benefits from synergy between the IVDS and Cellular operators. It is assumed that

the combined cellular and IVDS operations result in an annual operations cost to the IVDS

12

Reed's estimates were based on similar figures reported by the Pacific Telesis Group to the
FCC.
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operator of 80% that of the standalone. Operating costs are summarized in Table 6. If

Table 6. Operating/Recurring cost estimate by proposal.

OPERATING COSTS *

PROP M ™M $M TTL($M)
EON 5.68 4.72 4.63 15.03
IRS 4.38 4.72 4.63 13.73
O/L 1.87 3.78 3.70 9.45

* Present equivalent costs, P = A (?~""), where i = 8% and n = 10 years
(notation used in [1], chapter 8).

operating costs prove to be much less than the 80% assumed, overlay will be even more

attractive.

Table 7. Life Cycle Cost estimate by proposal.

COST CLASSIFICATION

OPERATING

TTL ($M) l

23.49

20.26

12.38
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3. Life Cycle Cost

Summing the initial infrastructure capital costs and the operating costs for the following 10-ye-
ar period, the total LCC for each proposal is obtained; these are summarized in Table 7. The
cost advantage of the Cellular Overlay proposal relative to the other proposals ranges from

38.9 to 47.3 percent; estimated savings range from $7.9M to $11.1M.

B. Cost Effectiveness -

A measure of a system in terms of "mission/requirements” fulfillment and total LCC is cost ef-
fectiveness. As noted by Blanchard, "true cost-effectiveness is impossible to measure, since
there are many factors that influence the operation and support of a system that cannot
realistically be quantified; thus it is common to employ specific cost-effectiveness FOMs" [1]
These are often presented as delta values to allow the comparison of alternatives on the basis

of relative merits. For the purposes of this study, the figure of ment (FOM) is

system effectiveness _ AVAILABILITY
LCC LCC

FOM =

Utilizing the availability discussion, above, and the data in table 3, it 1s not difficult to see that
FOM figures track the complexity of the system, ic. most to least cost effective, we have

Cellular Overlay, IRSinc, E-on, respectively.

VIII. DISCUSSION

The viability of any approach, offering a new service to a techno-wary(weary) public, depends
on cost. It is principally this consideration that makes the IVDS Cellular Overlay approach
more attractive than the alternatives; the synergistic opportunity with the CDPD network

should not be underestimated. To a great extent, many of the technical hurdles overcome by
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CDPD developers make IVDS Cellular Overlay a veritable "drop in" compared to developing

a new infrastructure.

Driving the cost are such factors as complexity, and new acquisition and construction. A

Table 8. Relative Comparison

CHARACTERISTIC

ALTRNTVE BER A-'ILITY" COST FOM
E-on 10° 0.91 23.49M 0.47

IR Sinc 10° 0.92 20.26M 0.55
OverLay ] 10° 0.96 12.38M 0.96

comparison of figures 4, 5, and 6 shows that, in order of least to most complex, the systems
considered rank from Cellular Overlay to IRSinc and E-on, respectively. The impact of

complexity is reflected in the "relative comparison” presented in table 8.

IX. CONCLUSIONS

"Economies of scope and scale”, which are very similar to those reported by Reed, exist
between cellular and IVDS.[6] The synergy between IVDS and cellular translates to a savings
of 38-48% of the cost for a standalone IVDS infrastructure. The cost figures become even
more attractive when it is recognized that they were derived for a 2GHz scenario. Given the
IVDS allocation is an order of magnitude lower, we can expect considerable favorable impact

on technology costs, in similar volumes.
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Although the alternative proposals may well meet the requirements of the "industry", albeit not
without overcoming some considerable challenges, their initial and operating costs make them

less viable, economically, than a "cellular overlay" approach.
A. Recommendations for further work
The emphasis of this study was on the IVDS operator's cost to establish and operate the

infrastructure. Subsequent costs to the consumer and the advertisers will determine, in large

measure, the success of IVDS home shopping; these comprise a topic for future investigation.
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APPENDIX

"SEP TEMPLATE" CONTENTS

PROGRAM ACQUISITION PROCESS
PROGRAM MANAGEMENT REQUIREMENTS
CONFIGURATION MANAGEMENT PLAN
TOTAL QUALITY MANAGEMENT PLAN
SYSTEM ENGINEERING MANAGEMENT PLAN
TECHNICAL PROGRAM PLANNING AND CONTROL
SYSTEMS ENGINEERING PROCESS
ENGINEERING SPECIALTY/INTEGRATION REQUIREMENTS
TEST AND EVALUATION MASTER PLAN
SYSTEM DESCRIPTION
PROGRAM SUMMARY
DT&E OUTLINE
OT&E OUTLINE
TEST AND EVALUATION RESOURCE SUMMARY
PROGRAM TECHNICAL REQUIREMENTS
EQUIPMENT SPECIFICATIONS
SYSTEM SPECIFICATION (TYPE A)
DEVELOPMENT SPECIFICATIONS (TYPE B)
PRODUCT SPECIFICATION (TYPE C)
PROCESS SPECIFICATION (TYPE D)
MATERIAL SPECIFICATION (TYPE E)
PROGRAM COST REQUIREMENTS
LIFE CYCLE COST PROJECTION
COST BREAKDOWN STRUCTURE
COST COLLECTION WORKSHEET
COST BY MAJOR COST CATEGORY
COST ESTIMATES
COST PROFILE
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SYSTEMS ENGINEERING PROCESS

2.00 MISSION AND REQUIREMENTS ANALYSIS, SYSTEM CONCEPTUAL DESIGN
2.01 DEFINITION OF SYSTEM REQUIREMENTS

THE NEED -

SYSTEM FEASIBILITY CONSIDERATIONS -

LLC process

SYSTEM OPERATIONAL REQUIREMENTS -

Performance and Physical Parameters -

Use Requirements -

Operational Deployment -

Operational Life Cycle -

Effectiveness Factors - The system requirements specitied as FOMs (MTBM, MDT, etc).....
Environment - In-situ, transportation, handling, and storage considerations.......

Mission ops flow

Ops profile

Ops characteristics

SYSTEM MAINTENANCE CONCEPT -

Organizational Maintenance -

Intermediate Maintenance -

Depot/Producer Maintenance -

2.02 FUNCTIONAL ANALYSIS, PRELIMINARY SYSTEMS ANALYSIS

(Iterative in nature and covers the various tradeoff studies that must be accomplished in the early definition of system
requirements...)

PROBLEM DEFINITION -

Objectives clarified, issues defined.......

FEASIBLE ALTERNATIVES -

Identify altemative solutions.........

EVALUATION CRITERIA -

System performance, cost effectiveness, logistics effectiveness, operational availability..........
MODELLING -

Apply analytical techniques......................

GENERATE INPUT DATA -

Specify input data requirements...........

RUN MODEL -

Perform sensitivity analysis..............

2.03 ADVANCE SYSTEM PLANNING
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SYSTEM SPECIFICATION -

General description of the system and its function.

Operational requirements.

Maintenance concept definition.

System functional diagram and functional mterfaces.

Performance characteristics.

Physical characteristics.

Effectiveness characteristics.

Design characteristics.

Construction.

Logistic support.

Design documentation.

Quality assurance provisions.

CONCEPTUAL DESIGN REVIEW -

SYSTEM FUNCTIONAL ANALYSIS -

(A description of major system functions...

2.04 FUNCTIONAL FLOW DIAGRAMS

What is to be accomplished......

2.05 OPERATIONAL FUNCTIONS

The gross operational activities of the system are derived from the mission activities represented

2.06 MAINTENANCE FUNCTIONS

An estimate of first-level maintenance, which is derived from the operational flow is presented with GO/NO-GO decision points.
Detail maintenance functional flows, update system maintenance concept....

Logic troubleshooting diagrams.........

2.06 REQUIREMENTS ALLOCATION

Allocation of top-level system factors to subsystems and lower-level elements....

Consider all appropriate qualitative and quantitative criteria stated in the form of max or min requirements: system effectiveness
factors; system performance and physical parameters; factors covering the system support capability; LCC factors............

2.07 TRADE-OFF AND OPTIMIZATION

Select the best approach possible.....

Select evaluation parameters directly related to the problem statement.....

Model........ simple and useful tool adapted to problem at hand: represent dynamics of system; highlight most relevant factors;
include all relevant factors; repeatable; simple and timely implementation; ease of modification...........
Answer questions re: how much better is the selected approach; significant differences; all feasible altematives considered; areas of
risk and uncertainty........

2.08 SYNTHESIS AND DEFINITION

Combining and structuring of parts and elements in such a manner so as to form a functional entity.....
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Results of synthesis included in the appropriate specifications.....

2.09 SYSTEM DESIGN REVIEW

Ops flow

Maint flow

Reqts. and allocation

2.10 DETAIL DESIGN AND DEVELOPMENT
(Includes: description of subsystems, units assemblies, and lower-level components and parts of the PME and the elements of
logistic support; design documentation prep; computer s/w definition and development; engineering/service test/prototype
model development; T&E of the system physical model; redesign and retest as necessary)

DETAIL DESIGN REQUIREMENTS -

Design for functional capability or performance (functional design)....technical performance of system.....

Design for reliability.....charactenistics concemed with successful operation of the system throughout its planned mission....

Design for maintainability......characteristics concemed with performance of maintenance functions.......

Design for manability (human factors)......directed toward the optimum human-machine interface....

Design for producibility.......allows for effective and efficient production.......

Design for supportability........directed toward ensuring that the system can ultimately be supported effectively and efficiently

throughout its planned life cycle......

Design for economic feasibility............ maximizing the benefits and cost effectiveness of the overall system configuration.....

Design for social acceptability.......directed toward ensuring that the system can become an acceptable part of the social

system.......

TECHNICAL PERFORMANCE MEASURES -

Cost-effectiveness relates to the measure of a system in terms of mission fulfillment and total LCC.....cost-effectiveness FOM....

2.11 DETAIL DESIGN ACTIVITIES

ESTABLISHING THE DESIGN TEAM -

Engineering technical expertise.........

Engineering technical suppott......

Nontechnical support....

EVOLUTION OF DETAIL DESIGN -

Typical types of drawings...

Design documentation review.......

2.12 ENGINEERING DESIGN TECHNOLOGIES

COMPUTER-AIDED ENGINEERING DESIGN -

Objective is to allow for the accomplishment of design analyses, the projection of various design configs in terms of 3-D graphical

presentations, the accomplishment of R&M predictions, the generation of design material lists, etc...

MORPHOLOGY FOR CONCURRENT ENGINEERING DESIGN -

DESIGN EVALUATION METHODOLOGY -

DESIGN STANDARDS AND DOCUMENTATION -
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Design standards documentation.............
Design criteria documentation........
PHYSICAL MODELS AND MOCK-UPS -
SYSTEM PROTOTYPE DEVELOPMENT -
Engineering model.....exhibits functional performance characteristics......not necessarily form and fit.........
Service test model......reflects the end product in terms of functional performance and physical dimensions......substitute
components may be used....
Prototype Model....production configuration in all aspects of form, fit, function except has not been fully qualified in terms of
operational and environmental testing.....
FORMAL DESIGN REVIEW -
Conceptual design review.....
System design review......
Equipment design review......conducted prior to proceeding with finalization of the detail design....
Critical design review....conducted prior to the release of firm design data to production......
2.13 SYSTEM TEST AND EVALUATION
(System evaluation and its relationship with system requirements definition and with system development....)
REQUIREMENTS FOR TEST AND EVALUATION -

Establish an overall test program which allows for the evaluation of H/W,S/W, and its support elements on an evolutionary

CATEGORIES OF TEST AND EVALUATION -

Evolution of system evaluation.......

Type 1 -

Breadboards, bench-test modeis, engineering models, engineering S/W, and service test models.......usually performed in the

producer/supplier’s facility by engineering technicians using "jury-rigged" test equipment and engineering notes for test

Type 2 -

Preproduction prototype........

Test program may include: performance tests to verify performance, form, fit, interchangeability, product safety; environmental
qualification re operation, maintenance, transportation, handling; structural tests; reliability qualification to measure component life,
evaluate degradation, determine modes of failure; maintainability demo to determine various maintenance times; support equipment
compatibility tests; personnel test and evaluation; technical data verification; 8/W verification.......

Production sampling tests........

Usually performed in the producer/supplier's facility by personnel at that facility...using test and support equipment designated for
operational use.......formalized engineering change procedure..........

Type 3 -
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Formal tests and demos.......at a designated field test site by user personnelt........ operational test and support equipment, operational

spares, and formal operator and maintenance procedures are used....all elements of the system are operated and evaluated on an

Type 4 -

Product-use phase.....accomplished at one or more operational sites by user operator and maintenance personnel, and supported
through the normal logistics capability..........

2.14 FORMAL TEST PLANNING

Test requirements must be considered on an integrated basis............

Plan includes definitions of: (and schedule of) all test requirements; organization, administration, and control responsibilities; test
conditions and logistic resource requirements; the test preparation phase for each type of testing; the formal test phase; conditions
and provisions for a retest phase; (and ident of) test documentation.........

PREPARATION FOR SYSTEM T&E -

Selection of item(s) to be tested, establishment of test procedures, test site selection, selection and training of test personnel,
preparation of test facilities and resources, acquisition of support equipment, and test supply support.
2.15 TEST PERFORMANCE AND REPORTING

Requires operating and supporting the system and equipment in a prescribed manner as defined in the system T&E
plan.......throughout this process, data are collected and analyzed.....

TEST DATA REQUIREMENTS -

Data information system requirements...

DEVELOPMENT OF A DATA SUB-SYSTEM -

Identify the specific data factors that must be acquired and the method for acquisition...should include both success data and
maintenance data.....

Success data constitute info covering system operation and utilization on a day-to-day basis........

Maintenance data cover each event involving scheduled and unscheduled maintenance.......

SYSTEM EVALUATION AND CORRECTIVE ACTION -

System eval and corrective-action loop...

TEST REPORTING -

Should reference the initial system eval planning document and should describe all test conditions, mcorporated system
modifications during test, test data, and the results of data anaiysis........

2.16 SYSTEM MODIFICATION

Each change must be thoroughly evaluated in terms of its impact on other elements of the system prior to a decision on whether

or not to incorporate the change....necessary change control procedures must be implemented......CCB is established.
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Population Estimate

Cell Size (miles) :
4 2 1

Using cell radius = 2 mi.

O

@

Cell Area (typ) = 4 X 6 X 0.577 = 13.8 sq. mi.
=13.8 X 640 = 8832 acres

(Assuming typical lot size = 1/3 Acre)

Potential subscriber base =3 X 8832 = 26496

Higher Density Urban Environment

"™ Lower Density Suburban Environment

Figure 14. A cellular coverage concept

Using a coverage concept such as that in Figure 12, an estimate of a potential subscriber base
can be obtained. Assuming that the cellular density requirements are most demanding in the
central urban areas, becoming less dense in suburban areas, a "typical" (potential) subscriber
base, using a 2 mile cell, approaches 26500 households. Basing the system capacity require-
ments on those established by FCC, plan for 2650 subscribers (10% penetration) in the first
year, 7950 subscribers (30%) by end of year three, and 13250 subscribers (50%) by end of

year five.
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Traffic Analysis

Graph of GOS vs offers made (Om). Variables are as follow:

A (Erlangs); S (subscribers); Q (calls/hr/cell); Om (offers made/hr): Oa (offers accepted/offers made/cell); T
(time/call); GOS (blocking probability); C (number of channels/cell)
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Traffic Analysis

Graph of grade of service (GOS) vs number of subscribers (S). Variables are as follow:

A (Erlangs); S (subscribers); Q (calls/hr/cell); Om (offers made/hr); Oa (offers accepted/offers made/cell); T
(time/call); GOS (blocking probability); C (number of channels/cell)
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P and Py

Symbol (Ps = SER) and bit (Pb = BER) error rates (for BPSK, QPSK, MSK); x = Eb/No:

x =1.25 Q(x)=1 - cnorm(x)
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