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Abstract 

Communications in the 21st century is expected to include a large demand for 
broadband multimedia services. This demand will be driven by the continued 

and increasing proliferation of broadband services to fixed users, the growing 

need for information exchange, and market forces and competition on a global 
scale. A future need ts projected to extend these broadband multimedia services 
to users aboard mobile platforms. The objective of this report is to utilize the 
systems engineering process to define requirements for this future system and 
propose a conceptual design. Communications deficiencies are projected based 
upon an analysis of communications service needs, projection of the fixed 

communications architecture of the future, and an assessment of currently 
planned communications systems. Future mobile communications needs are 

defined and developed into system operational requirements. Preliminary 
systems analysis and tradeoffs are performed to propose potential system 

solutions. Several system planning and management considerations are also 
addressed towards the realization of this fulure system. This report proposes 

that the future need identified would best be satisfied by a Low Earth Orbiting 

(LEQ) satellite communications system utilizing digital B-ISDN technology, high 
data rate satellite crosslinks, and distributed management through intelligent 

network concepts. A Life Cycle Cost (LCC) model is also developed to evaluate 
complete life cycle costs of the LEO SATCOM system at various orbital heights 
and satellite and launch parameters.
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Introduction 

Advances in communications and computing are continuing to shape the 

global information age of the 1990’s and the future communications environment 

of the 21st century. Demand for enhanced communications services and multi- 

disciplinary improvements in communications capabilities will realize a 

proliferation of broadband communications capability to commercial and home 

users while providing global low data rate access to mobile users and Personal 

Communications Systems (PCSs). A future need is projected to extend the 

availability of digital multimedia communication services to mobile (aeronautical, 

maritime, and land mobile) and remote fixed users at data rates > 1.55 Mbps. 

This report identifies future needs, develops system requirements, and 

proposes a conceptual design for a 21* century communications system to fulfill 

the broadband communications needs of mobile and remote fixed users. 

Operational needs and market demands for this future system are projected and 

resulting system requirements defined. Preliminary system analyses and design 

are presented at a level which highlights major system design tradeoffs and 

considerations and recommends potential solutions. Several system planning 

and management considerations are also addressed and areas for future 

investigation towards a complete development effort are provided. This 

proposed system will be designed through a systems approach considering all 

aspects of the system life cycle. 

Methodology 

To adequately assess needs for a future generation communications 

system and translate these needs into system requirements, an iterative process 

of user demand and communications capability assessment will be performed. A 

projection and analysis of future service demands and capabilities is required 

because of the cyclical nature of high technology driving forces (discussed in the 

next section).



The process utilized for the development of this report is a direct 

application of the system engineering process [1] tailored to this problem and is 

depicted in Figure 1. The problem, or future communications deficiency, is first 

identified and defined through an projection of future communications needs, an 

assessment of existing or planned communications systems to fulfill these needs 

in the future, and the identification of future deficiencies. After the problem or 

deficiency is identified and generally described, a needs analysis is performed 

as part of the conceptual design phase to fully detail the deficiency and assess 

the demand for fulfilling this deficiency. Feasibility studies are then performed 

prior to fully defining operational requirements to identify feasible approaches 

and potential technology solutions in fulfilling user needs. From the definition of 

the system need, operational requirements are then defined and system 

maintenance concept developed. Preliminary systems analysis includes the 

identification of system alternatives, definition of relevant evaluation criteria, 

development and discussion of system models, and a qualitative evaluation of 

alternatives leading to a conceptual design. Preliminary design includes 

functional analysis and requirements allocation at level which demonstrates the 

application of the system engineering process to this problem and defines a 

high-level preliminary design. Several design tradeoffs are analyzed and 

discussed for some of the major design decisions. Finally, planning issues are 

addressed and areas for further investigation towards a complete system design 

are detailed. 

The intent of this report is to demonstrate the application of the systems 

engineering process to a future large-scale communications system. The scope 

of the system design contained herein is limited to several major tradeoffs, 

analyses, and considerations required through conceptual and preliminary 

designs. Analyses considered out of scope for this project are identified 

throughout this report as areas requiring further consideration during actual 

system design.
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Figure 1 - System Development Methodology



Problem Identification 

Communications services have undergone significant changes in the past 

decade. Advancements made in all areas of communications, computing, and 

electronics are leading towards a society of global access to distributed 

multimedia services. These advancements are being driven by, as well as 

driving, the growing need for communications. In order to assess potential 

future communications deficiencies, we must project future communications 

needs and evaluate the projected communications environment in fulfilling these 

needs. 

Communications Needs 

Communications has become a critical element of our society, affecting all 

sectors of our culture and daily lives. Businesses worldwide, as well as the 

entire global economy, rely on the dependable and timely exchange of 

information every day. Global competition has placed demands on businesses 

and organizations to provide higher quality products and services more 

efficiently than ever. This demand for increased productivity has spurred the 

need for increased communications services and capabilities. Also, as modern 

countries become more sophisticated and knowledgeable, there is increasing 

demand to provide this information to developing and third world countries in 

order to improve the quality of life worldwide. The ability to access, exchange, 

and provide more and higher quality information (data or audio-visual) has led to 

improvements in all sectors of society and has provided a means of bringing the 

world’s cultures closer together. In summary, continued improvements in the 

accuracy, capacity, speed, coverage, and mobility of communications are 

needed to: 

e Improve global access to/dissemination of news 

e Improve business efficiency through global data exchange and 

collaboration 

e Improve global communications capability between two or more 

parties at any location (fixed or mobile)



e Improve all sectors of life in third world/developing countries through 

enhancement of infrastructure 

e Improve system/product realization (development time, costs, quality) 

through concurrent engineering 

e Improve crisis management/response 

e Improve education and training 

Communications Drivers - The need for communications and computing 

has driven the continued advancement in integrated circuits, electronics, and 

other related technology. At the same time, as new basic technology becomes 

available which allows for increased or enhanced communications, the industry 

has utilized this technology to enhance existing services or to provide new 

services. Although part of this process may appear technology driven, there is 

in fact a cyclical nature of driving forces which can be depicted as follows: 

Demand ———-> Service ——— Capability Technology 

NO Service <t——— Capability 

The demand for communications services may drive the need for a 

required capability and subsequent technology. Conversely, cutting-edge 

technology may also provide the capability for a new service that will in turn spur 

demand for that service. In general, high technology has spawned into an age 

where the general market may not know what they want or need (i.e. demand) 

until they know what is possible. This condition requires an iterative projection 

of communications capabilities in the future, what demands these capabilities 

will be driven by, as well as what demands they may stimulate. Based on this 

cycle, it is assumed that global market and development forces will consistently 

demand more and better technology which will eventually stretch 

communications capabilities to their physical limits.



Broadband Services - Communications services in demand in the future 

are projected to be largely broadband and multimedia in nature. Multimedia is 

now a widely known “buzz” word which refers to any device or service which 

utilizes or provides more than one media simultaneously. Media in this context 

refers to a form of communication (e.g. text, graphics, audio, video, etc.) versus 

reference to a communications path (e.g. RF, cable, etc.). The largest 

multimedia demand is currently in the Personal Computer (PC) market. The 

typical (mid to high-end) multimedia PC (MMPC) currently consists of a 50 MHz 

486 based PC using object-oriented applications (nypermedia) and providing 

VCR quality still images and video. Typical multimedia networking applications 

currently in use operate over 10-16 Mbps LANs [2]. 

  

There is now a large momentum in the multimedia arena as demonstrated 

by the formation of the First Cities Consortium [3]. This consortium consists of 

dozens of US-based technology companies established to create common 

interfaces, synchronize hardware and software development, and develop 

interactive multimedia network services aimed at creating market demand. The 

International Telecommunications Union (ITU) has actively been involved in 

developing engineering standards in the multimedia area such as the ITU-TS 

Framework recommendation 1.374, “Network capabilities to support multimedia 

services”. Making the move to multimedia networking easier is the fact that over 

86% of all homes are expected to have access to coaxial cable by 1995 [4]. 

Recently proposed alliances between Telephone companies (TELCOs) and 

CATV companies such as US West/Time Warner, Bell Atlantic/TCI, and 

BCE/Jones, reflect the foreseen market in the multimedia area. 

Based upon the current demand for multimedia discussed above, services 

required within the future communications structure will be dominated largely by 

broadband multimedia services. Table 1 lists future broadband service 

requirements based upon current market direction and projections [ 2,4,5]. It 

can be seen that broadband communication needs will span all sectors of 

society and include both fixed and mobile users. Applications can be seen 

within the general areas of commercial transportation (including remote business
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applications), transport (shipping), government (law enforcement, DoD, etc.), 

health services (e.g., medical emergency), remote education, and personal use. 

Multimedia Capacity Requirements - Compression techniques in the 

areas of voice/audio compression, video compression, and data compression 

continue to lower the bit rates and processing times required to provide viable 

multimedia services. Very Large Scale Integration (VLSI) advances have 

increased the capacity and speed of digital signal processing ten-fold in the last 

five years from 25 Million Instructions Per second (MIPs) to 250 MIPs [6]. 

These advances have realized compression techniques which can handle the 

real-time audio, video, and data compression required for multimedia 

applications. Table 2 lists current multimedia data rate requirements and 

compression techniques in use or planned for future use [2,6,7,8]. This data will 

be used to project multimedia service data rate requirements below. 

Broadband Multimedia Requirements - Based on Table 1, multimedia 

services will be comprised of a particular combination of one or more voice, 

data, and video channels, where channel refers to an individual media versus a 

dedicated “circuit-switched” path. Integrating the service requirements of 

Tabie 1 with the data rate requirements of Table 2, we can estimate the range of 

capacity requirements for typical multimedia services by assuming the service 

consists of: 

Data Rate Range 

e One or more video channels 550 kbps - 20 Mbps 

(assumes at least MPEG1) 

e One or more voice/audio channels 2.4 kbps - 512 kbps 

e One or more data channels 2.4 kbps - 1.544 Mbps (or higher) 

Some of the services listed in Table 1 are asymmetric in nature while others 

are essentially symmetric “full-duplex” networks. Based upon this data and 

considering compatibility with existing and planned communications 

architectures, the extremes for future individual broadband services are 

projected as:
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MPEG‘1 video (low) 550.0 kbps 

Low quality voice 9.6 kbps 

Low quality audio +_ 4.0 kbps 

563.6 kbps 

Full Duplex x 2 

1127.2 kbps 

Graphics/Data +? (as req'd) 

Low-end broadband service - 1.55 Mbps (DS-1 equivalent) 

HDTV Video 20 Mbps 

High ADPCM Voice 48 kbps 

Dolby Audio +_512 kbps 

20.56 Mbps 

Full Duplex x 2 

41.12 Mbps 

Data/Graphics + _? (as req'd) 

High-end broadband service - 45-52 Mbps (DS3/STS-1 equivalent) 

The DS-1 rate of 1.55 Mbps should be a practical estimate of a common 

broadband rate for minimum multimedia services in the future. The STS-1 rate 

of 52 Mbps would consist of a two-way multimedia service with HDTV quality 

video in both directions and supporting data and voice channels. This future 

service is considered unrealistic within the next 15-20 years because of 

broadband infrastructure implementation, marketability, and bandwidth 

conservation. 

lf we assume that any future HDTV quality service is asymmetric and that 

symmetric services will utilize NTSC or lower quality compression schemes, we 

can further project effective data rates for three different classes of future 

broadband services as the following (dependent upon video quality): 
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e 1.55 Mbps - Low quality two-way MM service 

e 6 Mbps - VCR quality two-way MM service 

e 18 Mbps - NTSC/CCIR 601 quality two-way MM service 

or 

HDTV quality broadcast service 

These broadband service needs are primarily for two-way MM services 

and video broadcast services. A demand is also expected for STS-1 rates and 

STS-3 rates (52 and 155 Mbps, respectively) for rapid distribution and exchange 

of bulk computer data. 

Besides supporting the data rate requirements for broadband multimedia 

services, the communications structure must also meet several other specific 

criteria for support of multimedia services. The complete list of future needs for 

support of broadband multimedia services based on current documentation [2] 

and subjective projections is listed below: 

Characteristic Requirement 

e Serviced Data Rates supported 1.55 - 18 Mbps minimum 

e System Interactiveness (max time delay) < 100 ms 

e Media Synchronization (time delay variance) <10ms 

e Coverage (distance/mobility) Global; all users 

e Complete system compatibility/interoperability B-ISDN Standard (w/ATM) 

e Affordability for equipment and usage Comparable to current 

telephone/cable/mobile 

systems 

Communications Environment 

Current systems and services which have been newly developed or 

nearing implementation are discussed below to provide a basis for 

characterizing and projecting the communications environment of the future to 

assess the fulfillment of the projected communications needs discussed above. 
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Spurred by growing demands and advancements in digital signal processing, 

microwave component and Integrated Circuit (IC) design and fabrication 

techniques, and intelligent network architecture and algorithm development, 

communications service capability has flourished over the last two decades. 

This growth is foreseen to continue over the next two decades with market 

forces and implementation issues as the largest determining factors. 

As discussed previously, future communications will be dominated largely 

by multimedia services. Multimedia PCs in the late 1990's and early 2000’s can 

be expected to be at least 100 MHz power Reduced Instruction Set Computer 

(RISC) PCs with > 64 bit architectures [2]. These devices are projected to some 

day be capable of full motion video (up to HDTV quality) and have network 

communications capability using wavelet compression and Asynchronous 

Transfer Mode (ATM) protocols (to be discussed later). These devices, as well 

as other MM devices, are expected to be located at fixed sites as well as aboard 

mobile platforms. 

Fixed Communications - The future fixed communications architecture 

can be characterized and projected by assessing service capabilities and 

demands spurred by advancements in the areas of wire and cable technology, 

data communications/switching, and satellite communications. 

Wire & Cable Technology. Digital transmission techniques such as 

Asymmetric Digital Subscriber Logic (ADSL) and High Bit Rate DSL (HDSL) now 

make it possible for small businesses, and in some cases the normal 

homeowner, to participate in communication services at 1.544 Mbps over 

normal 2-wire telephone lines [9]. ADSL provides 1.544 Mbps to the user and 

low speed data/control in the reverse direction (hence asymmetric) but can be 

used in conjunction with a digital loop carrier to deliver 2-4 Mbps up to 12,000 ft. 

HDSL provides 1.544 Mbps in both directions over normal analog loops and 

eliminates the requirement for the typical T1 repeater every mile. The main use 

of this technology is currently for broadcast or on-line downloading of video and 

movies, but other applications can be seen. Similar advances in coaxial cable 

transmission technology have allowed cable subscribers access to other wider 

12



band services such as interactive services (home-shopping, home polling, etc.), 

as well as integrated voice and video services. 

Fiber Optic technology has also soared over the past decade and now 

stands strong as the hard wired media of the future. Recent advances in long- 

haul fiber optic transmissions include the introduction of “dark fiber” (fiber with 

no active amplifier elements) and operational demonstration of solitons [10]. 

These advances may make it possible for optical data at rates of > 10 Gbps to 

be transmitted around the world several times without any active amplification. 

The recent operation of the first Fiber-In-The-Loop (FITL) systems have 

demonstrated the capabilities and benefits of optical fiber wired directly to the 

home. FITL may be deployed initially as Fiber-to-the-Curb (FTTC) which will 

allow POTS and N-ISDN, or CATV services depending on the media chosen for 

the last drop (i.e. copper or cable) [11]. This configuration is referred to a hybrid 

local loop. Because of the small additional cost required to realize FTTB/FTTH 

(Fiber-to-the-Building/Fiber-To-the-Home), it can be assumed that there will be a 

point in the future when this will be the normal configuration. Proliferation of 

FTTB/FTTH will result in the availability of broadband services at rates as high 

as 155 or 622 Mbps to the home. 

Data Communications/Switching Systems. Efficient high-speed 

multiplexing, switching, and routing technologies are integral to providing 

effective high data rate communications in a distributed environment. Progress 

in this area has been characterized by the development of new switching fabrics, 

advances in IC fabrication technology, and inception of new network 

management and routing paradigms. Current standards and highlights in data 

communications are discussed below. 

EDDI. The Fiber Distributed Data Interface (FDDI) set of 

standards were initially developed to support 100 Mbps high-speed networking 

over fiber optic cables [12]. FDDI is currently used in LAN applications and 

provides a synchronous capability which allows transfer a time-sensitive packets 

such as voice and video packets. Tne FDDI-II standard adds an isosynchronous 

capability which ensures timely delivery of sensitive packets even under heavy 

13



load conditions. To speed FDDI implementation and provide more options, the 

FDDI physical interface can now support various multimode fibers, coaxial cable, 

or twisted shield pair interfaces. The FDDI Follow-on (FFOL) standard is 

currently in development to define a FDDI backbone network operating at data 

rates of 155 Mbps - 2.48 Gbps. 

Synchronous Digital Hierarchy (SDH). SDH is the CCITT 

standard which provides a universal digital transport network based upon 

synchronous transmission methods. SDH supports Synchronous Transport 

Module (STM) data rates starting at 155 Mbps. SDH is being implemented in a 

way to facilitate a smooth evolution from existing networks to future broadband 

networks based on asynchronous transmission methods. 

Synchronous Optical Network (SONET). SONET is a 

standard developed by ANSI and the Exchange Carriers Standards Association 

(ECSA) for digital optical transmission. SONET uses synchronous techniques to 

multiplex the overhead and communications payload but allows ATM techniques 

for multiplexing user channels. SONET also supports an interface to FDDI 

LANs. SONET is the ANSI/ECSA counterpart to the CCITT SDH standard with 

some minor differences. Like SDH, SONET supports data rates of 155 - 2,400 

Mbps but also supports the STS-1 rate of 52 Mbps and may support other user 

interfaces such as DS1 (1.544 Mbps) electrical and DS3 (44.736 Mbps) optical 

interfaces. 

Asynchronous Transfer Mode (ATM). ATM is the target 

transfer mode for the Broadband Integrated Services Digital Network (B-ISDN). 

ATM provides dynamic high bandwidth, low-delay packet switching and 

multiplexing for multiple services [13]. ATM provides for efficient communication 

of high speed data bursts by providing scalability and dynamic bandwidth (53 

byte cell is only defined structure). ATM cells are equally suited to carrying 

digital voice, video or data and can be passed over separate Virtual Channels 

(VCs) with separately defined Quality of Service (QOS) parameters [14]. 

Related packets are inherently linked together via a common Virtual Path (VP) to 

provide synchronized real-time multimedia service. A five byte header within 

each ATM cell provides VC Identifier (VCI) and VP Identifier (VPI) label 

14



information. The service mix and data rates are decoupled from characteristics 

of the switching fabric and mapping of time slots to channels at call 

establishment is not performed. With ATM service, users only pay for the cells 

which they send versus a flat rate for a dedicated service rate which they may 

not use continuously. 

B-ISDN. The Broadband Integrated Services Digital 

Network (B-ISDN) is the communications standard architecture of the future 

which will provide broadband multimedia networks. ATM is the target data link 

platform for B-ISDN which will also make use of intelligent network protocols and 

techniques discussed below. The CCITT and various other standards bodies 

are currently developing a family of standards to define all aspects of the B- 

ISDN and provide for a smooth transition from the current architecture and 

Narrowband ISDN (N-ISDN) to that of the future. 

Intelligent Networks. Advanced Intelligent Networks (AINs) 

are currently being developed and implemented within the existing 

telecommunications structure. The aim of AIN is to separate specific service 

functions from the switching fabrics and transport layers and allocate intelligence 

to the service providing devices [15]. The goal is to provide for optimally 

efficient and flexible communications services without reliance on the 

interconnection system intelligence. The switching functions performed by 

today’s network nodes and systems will be embodied within the interconnection 

layer of the AIN model. The main roles of the interconnection layer will be for 

mobility management control (i.e., tracking mobile users), multiple transport 

control, and to ensure the maintenance of all interconnections between service 

users. AIN development is currently focusing on the application layer protocol to 

support intelligent service creation, service interaction, network management, 

service processing, and network interworking. AINs are considered to be 

essential in the future telecommunications infrastructure to perform network and 

systems management within a distributed environment consisting of different 

network protocols and operating systems. Applications of AINs include global 

directory services and distributed file systems (to name of few). 
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Fixed Satellite Communications (SATCOM). The use of more 

powerful satellite transmitters and continued decrease in size of earth terminals 

(which can be placed closer to customer premises) has driven the widespread 

growth of satellite communications over the last decade [16]. Satellite 

communications for fixed users has sky rocketed over the past 15 years due to 

the introduction of Very Small Aperture Terminals (VSATs), made possible 

through the addition of the Ku-band and a steady increase in quantity and 

competitiveness of satellite providers. Modifications in US regulations on 

ownership of earth stations and access to the space segment have also driven 

this change. The development and implementation of the first digital processing 

and switching satellite communications systems and pending introduction of Low 

Earth Orbiting (LEO) satellite systems now create new possibilities for SATCOM 

capabilities and integration within the global communications infrastructure of 

the future. All existing fixed SATCOM services are now provided by “bent pipe” 

geosynchronous satellites. 

NASA’s Advanced Communications Technology Satellite (ACTS) was 

launched in late 1993 to test high risk SATCOM technology that would otherwise 

be avoided by the commercial industry due to the investment involved. These 

technologies include on-board baseband processing, IF microwave matrix 

switching, hopping spot beams, and adaptive fade compensation [17]. The 

ACTS operates at the 30/20 GHz K, frequency band which also required use of 

advanced microwave and power components. ACTS is providing a variety of 

capabilities for over 70 experiments sponsored by DoD, Universities, and 

industry. 

A future commercial SATCOM system for fixed applications which was 

recently proposed is the Teledesic system. Teledesic would be comprised of 

840 satellites orbiting at 700 km above the earth to provide integrated digital 

voice, video, and data on a global scale [18]. The Teledesic system would have 

an unprecedented impact on global communications by providing 1.55 Mbps 

access to any location in the world (fixed sites only). 
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Future Fixed Communications Architecture. Based upon the 

discussions above, the fixed communications environment of future will be one 

of ready access to interactive multimedia services for many people. 

Communications over distributed high data rate networks, servicing businesses 

and home users alike, may be the norm. As a global example to this vision, 

China has initiated a project called the Broadband Intelligent Personalized and 

Integrated Services Digital Network (BIP-ISDN) [ 10]. This network will be 

constructed of super high speed fiber optic systems, high speed wideband ATM 

switching systems, advanced intelligent networks, personal communications 

systems, and multimedia terminal systems. 

In general, the increasing demand to improve the information 

superhighway at the national and at the global level should drive the 

implementation, upgrade, and continual improvement of the communications 

infrastructure. The proliferation of current high data rate standards such as 

FDDI, SONET, and SDH, as well as broadband capability access via 

ADSL/HDSL and FTTC, will provide for an eventual transition from the 

communications environment of today, to an environment similar to the Chinese 

BIP-ISDN, based on B-ISDN standards and using ATM protocols, AIN methods, 

and FTTH/FTTB access [19]. 

Figure 2 provides a projected view of the future communications 

architecture for fixed users based upon the discussion above. The capabilities 

provided by this future architecture will allow access to, and should spur demand 

for, new services for government, business, and home users alike. Of particular 

interest is the increase in capability that will be provided to the standard 

homeowner, allowing multi-channel access to the broadband, interactive 

multimedia services listed in Table 1 at all of the effective data rates previously 

defined. 

It is projected that market demand and technological advances will realize 

this scenario in the early 21st century, where the standard home compliment of 

electronic equipment will include a power MMPC, video phone (could be one in 

the same as PC), and a digital HDTV set [2]. These home electronic devices will 
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operate somewhere between the data rates of 1.55 Mbps - 155 Mbps and will 

utilize packet communications protocols (i.e., ATM). Homes and small 

businesses in remote areas may still gain access to their multimedia services 

through hybrid FTTC/coax drop configurations, but further advances in coaxial 

transmission technology should still provide the capability for transfer of at least 

100 Mbps. 

Standard to large businesses will communicate internally via high speed 

ATM LANs which are integrated with each other and interface to the outside 

world at FFOL rates of 622 Mbps or higher. The Public Switched Telephone 

Network (PSTN) will migrate to the Public Switched Data Network (PSDN) as the 

benefits of integrated digital services drive the implementation of the information 

superhighway over an all-fiber backbone. Long distance links will be provided 

by optical links using soliton transmission techniques to eliminate the need for 

repeaters and operating at rates as high as 10 Gbps. These systems, plus 

intelligent networking control and management techniques, will provide the 

capability of interactive multimedia networks meeting the above stated 

requirements between fixed users. 

Mobile Communications - Mobile communications is currently provided 

through cellular and cordless microwave technology and geostationary satellites. 

Mobile wireless applications currently include telephony, paging and message 

services, low data rate data exchange, locationing, and wireless computing. The 

growing demand for wireless and mobile communications over the last decade is 

also driving the introduction of a new class of communications devices known as 

Personal Communications Systems (PCS) [20]. PCS will become the generic 

term for communications equipment which can provide personal voice and data 

service on a global perspective, utilizing equipment small enough to be hand 

carried. The FCC is in the process of licensing 200 MHz of additional spectrum 

at 2.5 MHz to create new opportunities in PCS, mobile satellite 

communications, and wireless technologies. As mobile communications systems 

and capabilities continue to proliferate the globe, demands for enhanced and 

additional mobile services can be expected based upon the projected fixed 

architecture discussed previously. Mobile communications systems are 
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discussed below to project mobile demands and assess mobile capabilities in 

the future. 

Cellular Microwave. Cellular microwave has prospered through the 

use of analog standards such as the Advanced Mobile Phone Service (AMPS) 

standard in the U.S.. Cellular microwave technology is currently focused on 

ways to improve channel coding and medium access methods to maximize 

system capacity. One such example is the implementation of more efficient and 

reliable digital services utilizing Code Division Multiple Access (CDMA) and 

Time Division Multiple Access (TDMA). These and other digital cellular 

standards, such as the pan-European Global System for Mobile communications 

(GSM), were implemented in 1991 through different standards bodies and are 

now in widespread operation. Microcellular and picocellular technology have 

also become important in metropolitan areas where the demand for system 

access and mobility has driven requirements for smaller cells, smaller antenna 

systems, and indoor coverage. Current microwave systems and standards 

provide for digital voice and data communications services at < 32 kbps. 

The Digital European Cordless Telephone (DECT) standard will provide 

the next generation of cordiess/telepoint technology operating at 1900 MHz and 

providing a common air interface capable of up to 384 kbps and ISDN 

compatibility (DECT is wireless but not for mobile users). For the convergence 

of this cordless technology with user mobility (vehicular) there are two major 

efforts underway: the Universal Mobile Telecommunications System (UMTS), 

being developed under a European collaborative program called RACE, and the 

related Future Land Mobile Public Telecommunications System (FLMPTS), 

being studied by the CCIR. Both of these systems plan on providing digital data 

services up to 2 Mbps to mobile platforms for on/over land and off-shore 

applications [23]. 

Mobile SATCOM. Mobile satellite communications initially started 

through the International Maritime Satellite Organization (INMARSAT) to provide 

low data rate messaging and emergency communication channels to sea 

vessels [16]. These services have grown to provide data rates up to 56 kbps for 

sea vessels and now support voice services to land mobile and aeronautical 
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users. The INMARSAT satellites currently operate at the C and Ku bands which 

restrict mobile applicability and data capacity due to antenna size requirements. 

Where as ACTS has demonstrated advanced SATCOM technology for 

fixed applications, the Milstar system is doing the same for mobile applications. 

The Milstar/EHF SATCOM system is a DoD communications system initially 

designed to provide minimum essential communications through global nuclear 

war. Milstar is a digitally processed, spread spectrum system which provides 

service to maritime mobile (ship and submarine), aeronautical mobile, and fixed 

shore platforms. The Milstar satellite provides baseband switching, utilizes 

satellite crosslinks for complete global connectivity, and operates at a 44 GHz 

uplink requiring advanced microwave components and circuitry. The initial 

implementation of Milstar supports data rates up to 2.4 kbps but an upgrade to 

the system will provide data rates up to 1.544 Mbps by 1999. 

A new class of mobile satellites are now in development which will 

operate at L and S-band frequencies in Low and Medium Earth Orbits 

(LEO/MEO) to provide voice and low data rate services globally. These and 

other existing mobile SATCOM systems and services are listed in Table 3 

[16,18]. This list does not include many of the little LEO systems (e.g., Vitasat, 

Starsys, Gonets) as well as some of the foreign developed big LEO systems 

(e.g., Signal, COSCAN, Solidaridat) because of space limitations. Most of the 

systems listed in Tabie 3 are tailored towards land mobile voice applications and 

include a position determination/locationing capability. The data rates provided 

by most of these new mobile SATCOM systems are also tailored to voice and 

low data rate data applications between 2.4 and 9.6 kbps depending upon the 

coding, modulation, and access method employed. 

lf the operational capability dates reflected in Table 3 are realized by the 

respective SATCOM system developers and corresponding market demands, 

voice and low data rate communication access will be prolific on a global scale 

by the end of the century. The addition of these mobile communications 

providers will also help to spur competition and drive the cost of these services 

and associated equipment down. 
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Communications Deficiency 

As broadband services (Table 1) become available to fixed users in the 

future, there will also be a widespread increase in low data rate (< 144 kbps) 

availability to mobile users through cellular microwave and mobile satellite 

communications systems. It is projected that sometime during the early 21st 

Century, land, aeronautical, and maritime mobile users, as well as remote fixed 

users, will demand access to the broadband communications services that fixed 

users will access via coaxial or fiber optic cable. In short, rapid growth in the 

proliferation of broadband services to fixed users will result in large gap in 

service capability between fixed and mobile or remote users. Figure 3 depicts 

the chronology of data rate capability for three different classes of 

communication users including a forecast for the future (for wide area 

communications versus local LANs and exclusive of DoD systems/applications). 

This figure clearly highlights the gap between fixed and mobile communications 

users. This gap in service capability considers all planned mobile 

communications systems and is quantified as: 

Fixed Users: > 155 Mbps 

Mobile Users: < 2 Mbps (144 kbps oceanic) 

where the implementation of B-ISDN services through FTTH/FTTB access will 

realize the fixed user communications capability. The mobile user capability 

considers access to a FLMPTS/UMTS comparable system for land mobile 

applications and access to a CELSAT comparable system for transoceanic 

coverage (i.e., > 40 km offshore). This difference in data rate capability can be 

equated to the following multimedia service capabilities: 

Fixed Users: 100 low-end broadband multimedia services 

or 

12-25 high quality broadband multimedia services 

or 

8-10 HDTV quality broadcast services 
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�M�o�b�i�l�e� �U�s�e�r�s�:� �1� �l�o�w�-�e�n�d� �b�r�o�a�d�b�a�n�d� �m�u�l�t�i�m�e�d�i�a� �s�e�r�v�i�c�e� 

�1� �l�o�w� �q�u�a�l�i�t�y� �n�a�r�r�o�w�b�a�n�d� �s�e�r�v�i�c�e� �(�o�c�e�a�n�i�c�)� 

�B�a�s�e�d� �u�p�o�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n�,� �i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �s�o�m�e�t�i�m�e� �i�n� �t�h�e� �f�u�t�u�r�e�,� �t�h�e�r�e� 

�w�i�l�l� �b�e� �a� �n�e�e�d� �f�o�r� �a� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m� �t�o� �p�r�o�v�i�d�e� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s� �t�o� 

�t�h�e�s�e�  ��d�i�s�a�d�v�a�n�t�a�g�e�d �� �(�m�o�b�i�l�e�)� �u�s�e�r�s� �t�o� �s�u�p�p�o�r�t� �t�h�e� �e�x�t�e�n�s�i�o�n� �o�f� �b�r�o�a�d�b�a�n�d� 

�m�u�l�t�i�m�e�d�i�a� �n�e�t�w�o�r�k� �s�e�r�v�i�c�e�s�.� �C�u�r�r�e�n�t� �t�e�r�r�e�s�t�r�i�a�l� �s�y�s�t�e�m�s� �b�e�i�n�g� �d�e�p�l�o�y�e�d� �o�r� �i�n� 

�d�e�v�e�l�o�p�m�e�n�t� �w�i�l�l� �a�d�d�r�e�s�s� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e� �n�e�e�d�s� �f�o�r� �t�h�e� �f�i�x�e�d� �u�s�e�r� �b�u�t� �n�o�t� �f�o�r� 

�t�h�e� �m�o�b�i�l�e� �u�s�e�r�.� �T�h�i�s� �p�r�o�b�l�e�m� �a�n�d� �r�e�s�u�l�t�i�n�g� �n�e�e�d� �w�i�l�l� �e�x�i�s�t� �f�o�r� �m�a�n�y� �d�i�f�f�e�r�e�n�t� 

�c�l�a�s�s�e�s� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �m�o�b�i�l�e� �u�s�e�r�s� �w�h�o� �w�i�l�l� �d�e�m�a�n�d� �c�o�m�p�a�r�a�b�l�e� �Q�u�a�l�i�t�y� 

�O�f� �S�e�r�v�i�c�e� �(�Q�O�S�)�.� �A� �f�u�t�u�r�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �m�u�s�t� �i�n�t�e�g�r�a�t�e� �w�i�t�h� �t�h�e� 

�f�i�x�e�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�c�h�i�t�e�c�t�u�r�e� �w�h�i�c�h� �w�i�l�l� �b�e� �i�n� �p�l�a�c�e� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�y�s�t�e�m� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�y�s�t�e�m� �l�i�f�e� �c�y�c�l�e�.� �B�a�s�e�d� �u�p�o�n� �t�h�e�s�e� 

�p�e�r�c�e�i�v�e�d� �n�e�e�d�s� �a�n�d� �a�s�s�u�m�p�t�i�o�n�s�,� �t�h�e� �d�e�f�i�c�i�e�n�c�y� �c�a�n� �b�e� �s�u�m�m�a�r�i�z�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�M�o�b�i�l�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m� �c�a�p�a�b�l�e� �o�f�:� 

�e� �Q�u�a�l�i�t�y� �m�u�l�t�i�m�e�d�i�a� �s�e�r�v�i�c�e�s� �(�c�o�m�p�a�r�a�b�l�e� �Q�O�S�)� 

�e� �S�e�r�v�i�c�e�s� �p�r�o�v�i�d�e�d� �a�t� �1�.�5�5� �M�b�p�s�,� �6� �M�b�p�s�,� �a�n�d� �1�8� �M�b�p�s� �(�m�i�n�i�m�u�m�)� 

�e� �G�l�o�b�a�l� �c�o�n�n�e�c�t�i�v�i�t�y� �c�a�p�a�b�i�l�i�t�y� �(�a�t� �a�l�l� �d�a�t�a� �r�a�t�e�s�)� 

�e� �S�e�r�v�i�c�e� �t�o� �a�e�r�o�n�a�u�t�i�c�a�l�,� �m�a�r�i�t�i�m�e�,� �a�n�d� �l�a�n�d� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m�s� 

�e� �C�o�m�p�a�t�i�b�i�l�i�t�y� �w�i�t�h� �f�i�x�e�d� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �(�B�-�I�S�D�N�)� 

�e� �>�9�5�%� �a�v�a�i�l�a�b�i�l�i�t�y� �i�n�c�l�u�d�i�n�g� �t�r�a�n�s�o�c�e�a�n�i�c� �p�l�a�t�f�o�r�m�s� �(�m�i�n�i�m�u�m� 

�e�s�t�i�m�a�t�e� �f�o�r� �u�s�e�r� �m�a�r�k�e�t�a�b�i�l�i�t�y�)� 

�e� �C�o�s�t� �c�o�m�p�a�r�a�b�l�e� �t�o� �f�i�x�e�d� �s�e�r�v�i�c�e�s� �(�a�t� �l�e�a�s�t� �a�s� �c�l�o�s�e� �a�s� �f�i�x�e�d� �a�n�d� 

�m�o�b�i�l�e� �s�e�r�v�i�c�e� �c�o�s�t�s� �a�r�e� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o�d�a�y�)� 

�T�o� �e�f�f�e�c�t�i�v�e�l�y� �r�e�a�l�i�z�e� �t�h�i�s� �f�u�t�u�r�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m� �p�r�o�f�i�t�a�b�l�y�,� �w�e� 

�m�u�s�t� �l�o�o�k� �f�a�r� �e�n�o�u�g�h� �i�n�t�o� �t�h�e� �f�u�t�u�r�e� �t�o� �a�p�p�l�y� �c�u�r�r�e�n�t� �a�n�d� �p�r�o�j�e�c�t�e�d� �t�e�c�h�n�o�l�o�g�y� �t�o� 

�c�o�n�s�i�d�e�r� �t�h�e� �f�u�l�l� �r�a�n�g�e� �o�f� �s�y�s�t�e�m� �s�o�l�u�t�i�o�n�s�.� �T�o� �c�o�s�t� �e�f�f�e�c�t�i�v�e�l�y� �d�e�v�e�l�o�p� �s�u�c�h� �a� 

�l�a�r�g�e� �s�c�a�l�e� �s�y�s�t�e�m�,� �a� �c�o�m�p�l�e�t�e� �s�y�s�t�e�m�s� �a�p�p�r�o�a�c�h� �t�o� �t�h�i�s� �p�r�o�b�l�e�m� �m�u�s�t� �b�e� 

�p�e�r�f�o�r�m�e�d�.� 
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�C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n� 

�N�e�e�d�s� �A�n�a�l�y�s�i�s� 

�T�o� �i�d�e�n�t�i�f�y� �a�n�d� �v�a�l�i�d�a�t�e� �t�h�e� �n�e�e�d� �f�o�r� �a� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�,� �u�s�e�r� 

�n�e�e�d�s� �o�f� �t�h�e� �f�u�t�u�r�e�,� �a�s� �w�e�l�l� �a�s� �o�t�h�e�r� �m�a�r�k�e�t� �i�n�f�l�u�e�n�c�e�s�,� �m�u�s�t� �b�e� �e�x�a�m�i�n�e�d� �a�n�d� 

�a�s�s�e�s�s�e�d�.� �B�a�s�e�d� �u�p�o�n� �n�a�t�i�o�n�a�l� �a�n�d� �i�n�t�e�r�n�a�t�i�o�n�a�l� �i�n�t�e�r�e�s�t�s� �i�n� �b�u�i�l�d�i�n�g� �a�n�d� 

�e�n�h�a�n�c�i�n�g� �a�n� �i�n�f�o�r�m�a�t�i�o�n� �s�u�p�e�r�h�i�g�h�w�a�y�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �i�s� 

�v�i�e�w�e�d� �a�s� �a� �k�e�y� �c�o�m�p�o�n�e�n�t� �o�f� �w�o�r�l�d� �p�r�o�g�r�e�s�s� �a�n�d� �l�e�a�d�e�r�s�h�i�p�.� �E�m�e�r�g�i�n�g� 

�t�e�c�h�n�o�l�o�g�i�e�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�t�a�n�d�a�r�d�s� �w�i�l�l� �d�e�f�i�n�e� �t�h�e� �f�u�t�u�r�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�c�h�i�t�e�c�t�u�r�e� �p�o�r�t�r�a�y�e�d� �i�n� �F�i�g�u�r�e� �2� �f�o�r� �f�i�x�e�d� �u�s�e�r�s�.� �A�l�s�o�,� �d�u�r�i�n�g� 

�t�h�e� �n�e�x�t� �d�e�c�a�d�e�,� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �l�o�w� �d�a�t�a� �r�a�t�e� �m�o�b�i�l�e� �&� �p�e�r�s�o�n�a�l� �w�i�r�e�l�e�s�s� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m�s� �s�h�o�u�l�d� �p�r�i�m�e� �t�h�e� �m�a�r�k�e�t� �a�n�d� �p�r�o�v�i�d�e� �a� �d�e�m�a�n�d� �f�o�r� 

�h�i�g�h�e�r� �d�a�t�a� �r�a�t�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�o� �t�h�e�s�e� �u�s�e�r�s� �t�o� �s�u�p�p�o�r�t� �b�r�o�a�d�b�a�n�d� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� 

�U�s�e�r� �N�e�e�d�s� �-� �T�o� �a�c�c�o�u�n�t� �f�o�r� �m�a�r�k�e�t� �i�n�f�l�u�e�n�c�e�s� �o�n� �s�y�s�t�e�m� �d�e�s�i�g�n� �a�n�d� 

�e�m�p�l�o�y�m�e�n�t�,� �w�e� �m�u�s�t� �f�i�r�s�t� �i�n�v�e�s�t�i�g�a�t�e� �w�h�o� �w�i�l�l� �n�e�e�d� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s�.� 

�T�h�e�r�e� �a�r�e� �f�i�v�e� �u�s�e�r� �g�r�o�u�p�s� �w�h�i�c�h� �a�r�e� �a�s�s�u�m�e�d� �t�o� �h�a�v�e� �t�h�i�s� �n�e�e�d�,� �b�a�s�e�d� �u�p�o�n� 

�t�h�e� �u�s�e�r�  ��p�l�a�t�f�o�r�m �� �w�i�t�h� �f�u�r�t�h�e�r� �s�u�b�g�r�o�u�p�s� �b�a�s�e�d� �o�n� �u�s�e�r� �s�i�z�e� �&� �a�p�p�l�i�c�a�t�i�o�n�:� 

�P�l�a�t�f�o�r�m� �E�x�a�m�p�l�e� 

�1�)� �A�e�r�o�n�a�u�t�i�c�a�l� �M�o�b�i�l�e� 

�a�)� �l�a�r�g�e� �p�l�a�t�f�o�r�m� �C�o�m�m�e�r�c�i�a�l� �A�i�r�l�i�n�e�r� 

�b�)� �s�m�a�l�l� �p�l�a�t�f�o�r�m� �L�e�a�r� �J�e�t� 

�2�)� �M�a�r�i�t�i�m�e� �M�o�b�i�l�e� 

�a�)� �l�a�r�g�e� �p�l�a�t�f�o�r�m� �C�r�u�i�s�e�l�i�n�e�r� 

�b�)� �s�m�a�l�l� �p�l�a�t�f�o�r�m� �Y�a�c�h�t� 

�3�)� �L�a�n�d� �M�o�b�i�l�e� 

�a�)� �l�a�r�g�e� �p�l�a�t�f�o�r�m� �B�u�s�/�T�r�a�i�n� 

�b�)� �s�m�a�l�l� �p�l�a�t�f�o�r�m� �T�r�u�c�k�/�R�V� 

�4�)� �L�a�n�d� �F�i�x�e�d� 

�a�)� �h�u�b� �A�i�r�l�i�n�e� �H�u�b� 

�b�)� �r�e�m�o�t�e� �s�i�t�e� �I�n�d�i�a� 
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�5�)� �P�e�r�s�o�n�a�l� �M�o�b�i�l�e� 

�(�i�.�e�.�,� �N�o� �p�l�a�t�f�o�r�m�)� �E�m�e�r�g�e�n�c�y� �S�e�r�v�i�c�e�s� 

�N�e�e�d�s� �f�o�r� �m�o�b�i�l�e� �a�n�d� �r�e�m�o�t�e� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �T�a�b�l�e� �1� �w�i�l�l� 

�d�i�f�f�e�r� �d�e�p�e�n�d�i�n�g� �u�p�o�n� �u�s�e�r� �g�r�o�u�p�/�a�p�p�l�i�c�a�t�i�o�n� �w�h�i�c�h� �w�i�l�l� �b�e� �d�e�v�e�l�o�p�e�d� �i�n�t�o� 

�u�n�i�q�u�e� �o�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s�.� �A� �t�h�o�r�o�u�g�h� �m�a�r�k�e�t� �a�n�a�l�y�s�i�s� �a�n�d� �p�r�o�j�e�c�t�i�o�n� �o�f� 

�m�a�r�k�e�t� �n�e�e�d�s� �w�o�u�l�d� �b�e� �a�n� �e�s�s�e�n�t�i�a�l� �s�t�e�p� �i�n� �r�e�a�l�i�z�i�n�g� �t�h�e� �a�c�t�u�a�l� �s�y�s�t�e�m� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�i�s� �m�a�r�k�e�t� �a�n�a�l�y�s�i�s� �i�s� �c�o�n�s�i�d�e�r�e�d� �o�u�t� �o�f� �s�c�o�p�e� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t� 

�a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �d�e�m�a�n�d�s� �a�n�d� �n�e�e�d�s� �d�e�s�c�r�i�b�e�d� �h�e�r�e�i�n� �a�r�e� �a�s�s�u�m�e�d� �t�o� �b�e� 

�a�c�c�u�r�a�t�e� �f�o�r� �t�h�i�s� �s�y�s�t�e�m� �d�e�s�i�g�n�.� 

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �f�i�x�e�d� �r�e�m�o�t�e� �s�i�t�e�s� �a�r�e� �t�o� �a�u�g�m�e�n�t� �r�e�m�o�t�e� �a�r�e�a�s� 

�w�h�i�c�h� �d�o� �n�o�t� �y�e�t� �h�a�v�e� �t�h�e� �o�p�t�i�c�a�l� �f�i�b�e�r� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �f�u�t�u�r�e� �b�u�t� �t�h�a�t� �r�e�q�u�i�r�e� 

�c�o�n�n�e�c�t�i�v�i�t�y� �t�o� �t�h�e� �s�a�m�e� �s�e�r�v�i�c�e�s�.� �L�o�w� �d�e�n�s�i�t�y� �a�r�e�a�s� �s�u�c�h� �a�s� �C�h�i�n�a� �a�n�d� �I�n�d�i�a� 

�c�o�u�l�d� �p�a�r�t�i�c�u�l�a�r�l�y� �b�e�n�e�f�i�t� �f�r�o�m� �t�h�i�s� �t�e�c�h�n�o�l�o�g�y� �a�s� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �f�i�b�e�r� 

�o�p�t�i�c� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �w�i�l�l� �t�a�k�e� �l�o�n�g�e�r�.� �T�h�e� �n�e�e�d� �f�o�r� �f�i�x�e�d� �r�e�m�o�t�e� �s�i�t�e�s� �m�a�y� �d�e�p�e�n�d� 

�l�a�r�g�e�l�y� �o�n� �t�h�e� �f�a�t�e� �o�f� �t�h�e� �T�e�l�e�d�e�s�i�c� �s�y�s�t�e�m�,� �w�h�i�c�h� �p�r�o�p�o�s�e�s� �t�o� �p�a�r�t�i�a�l�l�y� �s�a�t�i�s�f�y� 

�t�h�i�s� �n�e�e�d� �(�b�y� �p�r�o�v�i�d�i�n�g� �1�.�5�5� �M�b�p�s� �a�c�c�e�s�s�)�.� �F�i�x�e�d� �t�e�r�m�i�n�a�l�s� �w�i�l�l� �a�l�s�o� �b�e� �r�e�q�u�i�r�e�d� 

�t�o� �s�u�p�p�o�r�t� �s�h�o�r�e� �b�a�s�e�s� �u�t�i�l�i�z�i�n�g� �t�h�e� �s�y�s�t�e�m� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �w�i�t�h� �m�o�b�i�l�e� 

�a�s�s�e�t�s� �(�H�u�b� �a�r�r�a�n�g�e�m�e�n�t�)�.� �T�h�e� �p�o�r�t�a�b�l�e� �t�e�r�m�i�n�a�l� �w�o�u�l�d� �n�o�t� �b�e� �r�e�q�u�i�r�e�d� �t�o� �b�e� �o�f� 

�t�h�e� �h�a�n�d�h�e�l�d�/�s�h�i�r�t� �p�o�c�k�e�t� �v�a�r�i�e�t�y� �c�u�r�r�e�n�t�l�y� �e�n�v�i�s�i�o�n�e�d� �f�o�r� �P�C�S�.� 

�B�a�s�e�d� �u�p�o�n� �s�e�r�v�i�c�e� �n�e�e�d�s� �a�n�d� �m�a�r�k�e�t� �f�o�r�c�e�s�,� �u�s�e�r� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a� �f�o�r� 

�t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �c�a�n� �b�e� �s�u�m�m�a�r�i�z�e�d� �a�s� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�e� �P�r�o�v�i�d�e�s� �G�l�o�b�a�l� �C�o�v�e�r�a�g�e� 

�e� �P�r�o�v�i�d�e�s� �F�u�l�l� �s�e�r�v�i�c�e� �t�o� �a�l�l� �m�o�b�i�l�e� �u�s�e�r�s� 

�e� �C�o�m�p�a�r�a�b�l�e�/�I�n�t�e�r�o�p�e�r�a�b�l�e� �w�i�t�h� �f�i�x�e�d� �s�e�r�v�i�c�e�s� 

�(�e�m�b�o�d�i�e�s� �m�a�n�y� �o�f� �t�h�e� �t�e�c�h�n�i�c�a�l� �r�e�q�u�i�r�e�m�e�n�t�s�)� 

�e� �S�y�s�t�e�m� �c�o�n�d�u�c�i�v�e� �t�o� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m� �c�o�n�s�t�r�a�i�n�t�s� 

�e� �D�e�m�o�n�s�t�r�a�t�e�d� �R�e�l�i�a�b�i�l�i�t�y� �(�P�r�o�v�e�n�)� 

�T�h�e�s�e� �u�s�e�r� �c�r�i�t�e�r�i�a� �w�i�l�l� �b�e� �u�s�e�d� �l�a�t�e�r� �i�n� �e�v�a�l�u�a�t�i�n�g� �f�e�a�s�i�b�l�e� �a�p�p�r�o�a�c�h�e�s� �t�o� 

�s�a�t�i�s�f�y�i�n�g� �t�h�e� �n�e�e�d�s� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�.� 
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�D�e�m�a�n�d� �I�n�f�l�u�e�n�c�e�s� �-� �I�t� �i�s� �c�u�r�r�e�n�t�l�y� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �a�n�y�w�h�e�r�e� �f�r�o�m� 

�3�0� �-�1�0�0� �m�i�l�l�i�o�n� �s�u�b�s�c�r�i�b�e�r�s� �c�a�n� �b�e� �e�x�p�e�c�t�e�d� �f�o�r� �s�p�a�c�e�d�-�b�a�s�e�d� �w�i�r�e�l�e�s�s� 

�t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�e�r�v�i�c�e�s� �i�n� �t�h�e� �n�e�x�t� �1�0� �y�e�a�r�s� �[�8�]�.� �A� �m�a�j�o�r�i�t�y� �o�f� �t�h�i�s� �d�e�m�a�n�d� 

�w�i�l�l� �b�e� �f�r�o�m� �d�e�n�s�e�l�y� �p�o�p�u�l�a�t�e�d� �l�a�n�d�-�b�a�s�e�d� �u�s�e�r�s� �l�o�c�a�t�i�o�n�s� �(�i�.�e�.�,� �c�i�t�i�e�s�)�.� �D�u�e� �t�o� 

�t�h�e� �g�l�o�b�a�l� �c�o�v�e�r�a�g�e� �p�l�a�n� �f�o�r� �t�h�i�s� �s�y�s�t�e�m�,� �o�n�l�y� �a� �f�e�w� �p�e�r�c�e�n�t�a�g�e� �p�o�i�n�t�s� �o�f� �t�h�e� 

�g�l�o�b�a�l� �m�a�r�k�e�t� �s�h�o�u�l�d� �b�e� �n�e�e�d�e�d� �t�o� �g�e�n�e�r�a�t�e� �a�m�p�l�e� �r�e�t�u�r�n�s�.� 

�M�a�r�k�e�t� �i�n�f�l�u�e�n�c�e�s� �w�i�l�l� �d�e�t�e�r�m�i�n�e� �w�h�e�n� �a�n�d� �w�h�e�r�e� �t�h�i�s� �c�a�p�a�b�i�l�i�t�y� �w�i�l�l� �b�e� 

�r�e�q�u�i�r�e�d� �a�n�d� �h�o�w� �t�h�a�t� �d�e�m�a�n�d� �w�i�l�l� �g�r�o�w�.� �D�e�m�a�n�d� �w�i�l�l� �n�o�t� �o�n�l�y� �d�e�p�e�n�d� �u�p�o�n� 

�m�a�r�k�e�t� �n�e�e�d�,� �b�u�t� �a�l�s�o� �u�p�o�n� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �c�o�s�t� �t�h�a�t� �t�h�e� �m�a�r�k�e�t� �c�a�n� �i�n�i�t�i�a�l�l�y� �b�e�a�r� 

�a�n�d� �h�o�w� �t�h�a�t� �d�e�m�a�n�d� �w�i�l�l� �c�h�a�n�g�e� �o�v�e�r� �t�i�m�e�.� �T�h�i�s� �c�r�i�t�i�c�a�l� �m�a�r�k�e�t� �i�n�f�o�r�m�a�t�i�o�n� �w�i�l�l� 

�l�a�r�g�e�l�y� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �s�c�h�e�d�u�l�e�,� �f�u�n�d�i�n�g�,� �a�n�d� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �s�c�o�p�e� �a�n�d� �r�a�t�e�.� �B�a�s�e�d� �u�p�o�n� �t�h�e� �f�u�t�u�r�e� �f�i�x�e�d� �a�r�c�h�i�t�e�c�t�u�r�e�,� �d�a�t�a� 

�r�a�t�e� �c�a�p�a�b�i�l�i�t�i�e�s� �(�F�i�g�u�r�e� �3�)�,� �a�n�d� �t�h�e� �p�r�o�j�e�c�t�e�d� �m�a�r�k�e�t� �n�e�e�d�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e�,� 

�t�h�e� �e�a�r�l�i�e�s�t� �p�r�o�f�i�t�a�b�l�e� �m�a�r�k�e�t� �d�e�m�a�n�d� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �i�s� 

�e�s�t�i�m�a�t�e�d� �t�o� �b�e� �2�0�0�8� �[�2�]�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �l�a�t�e�s�t� �m�a�r�k�e�t� �d�e�m�a�n�d� �f�o�r� �a� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m� �i�s� �e�s�t�i�m�a�t�e�d� �t�o� �b�e� �n�o�t� �l�a�t�e�r� �t�h�a�n� �2�0�1�5�.� 

�D�e�m�a�n�d� �f�o�r� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�o�r�d�e�r�:� 

�1�)� �C�o�m�m�e�r�c�i�a�l� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�2�)� �G�o�v�e�r�n�m�e�n�t� 

�3�)� �T�r�a�n�s�p�o�r�t� 

�4�)� �H�e�a�l�t�h� 

�5�)� �P�r�i�v�a�t�e� �B�u�s�i�n�e�s�s� 

�6�)� �P�e�r�s�o�n�a�l� 

�C�o�m�m�e�r�c�i�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�m�p�a�n�i�e�s� �w�o�u�l�d� �m�o�s�t� �l�i�k�e�l�y� �b�e� �t�h�e� �f�i�r�s�t� �s�e�c�t�o�r� 

�t�o� �o�f�f�e�r� �b�r�o�a�d�b�a�n�d� �c�a�p�a�b�i�l�i�t�y� �f�o�r� �e�n�t�e�r�t�a�i�n�m�e�n�t�,� �i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� �b�u�s�i�n�e�s�s� 

�s�e�r�v�i�c�e�s� �t�o� �p�a�s�s�e�n�g�e�r�s�,� �w�h�e�r�e�b�y� �t�h�e�y� �c�o�u�l�d� �p�a�s�s� �s�o�m�e� �o�f� �t�h�e� �c�o�s�t�s� �d�i�r�e�c�t�l�y� �t�o� 

�t�h�e� �u�s�e�r�.� �G�o�v�e�r�n�m�e�n�t� �a�n�d� �h�e�a�l�t�h� �s�e�c�t�o�r� �u�s�e�r�s� �w�o�u�l�d� �a�l�s�o� �h�a�v�e� �n�e�e�d� �f�o�r� 

�b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s� �e�a�r�l�y�-�o�n� �f�o�r� �l�a�w� �e�n�f�o�r�c�e�m�e�n�t� �a�n�d� �e�m�e�r�g�e�n�c�y� �s�e�r�v�i�c�e�s�.� 

�D�e�m�a�n�d� �f�o�r� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e� �f�r�o�m� �f�i�x�e�d� �r�e�m�o�t�e� �b�u�s�i�n�e�s�s� �u�s�e�r�s� �m�a�y� �b�e� �s�o� 

�l�a�r�g�e� �a�s� �t�o� �m�o�n�o�p�o�l�i�z�e� �s�y�s�t�e�m� �r�e�s�o�u�r�c�e�s� �d�e�p�e�n�d�i�n�g� �u�p�o�n� �t�h�e� �s�t�a�t�e� �o�f� �t�h�e� 

�o�p�t�i�c�a�l�/�c�o�a�x�i�a�l� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �i�n� �2�0�0�8�.� �T�h�i�s� �d�e�m�a�n�d� �m�a�y� �h�a�v�e� �t�o� �i�m�p�o�s�e� 
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�a�d�d�i�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �o�n� �t�h�e� �s�y�s�t�e�m� �t�o� �l�i�m�i�t� �f�i�x�e�d� �u�s�e� �a�s� �o�p�p�o�s�e�d� �t�o� �m�o�b�i�l�e� 

�u�s�e� �(�w�h�i�c�h� �m�a�y� �b�e� �d�r�i�v�e�n� �b�y� �f�r�e�q�u�e�n�c�y� �a�l�l�o�c�a�t�i�o�n�/�l�i�c�e�n�s�i�n�g�)�.� �P�r�i�v�a�t�e� �u�s�e�r�s� �o�f� 

�t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �w�o�u�l�d� �b�e� �t�h�e� �l�a�s�t� �g�r�o�u�p� �f�r�o�m� �w�h�i�c�h� �a� �m�a�r�k�e�t� 

�d�e�m�a�n�d� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �d�u�e� �t�o� �p�o�t�e�n�t�i�a�l� �i�n�i�t�i�a�l� �t�e�r�m�i�n�a�l� �a�n�d� �u�t�i�l�i�z�a�t�i�o�n� �c�o�s�t�s�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �p�o�r�t�a�b�l�e�/�p�e�r�s�o�n�a�l� �s�y�s�t�e�m� �w�i�l�l� �p�r�o�b�a�b�l�y� �r�e�q�u�i�r�e� �l�e�s�s� �c�a�p�a�b�i�l�i�t�y� �f�r�o�m� 

�a� �u�s�e�r� �p�e�r�s�p�e�c�t�i�v�e�,� �a�n� �e�n�o�r�m�o�u�s� �m�a�r�k�e�t� �c�a�n� �b�e� �e�x�p�e�c�t�e�d� �f�o�r� �t�h�i�s� �v�a�r�i�a�n�t� �b�a�s�e�d� 

�u�p�o�n� �c�u�r�r�e�n�t� �d�e�m�a�n�d� �a�n�d� �d�i�r�e�c�t�i�o�n�s� �i�n� �w�i�r�e�l�e�s�s�/�P�C�S� �s�y�s�t�e�m�s� �f�o�r� �l�a�n�d� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� 

�R�e�q�u�i�r�e�d� �R�e�s�o�u�r�c�e�s� �-� �B�a�s�e�d� �o�n� �i�n�i�t�i�a�l� �m�a�r�k�e�t� �a�n�d� �t�e�c�h�n�o�l�o�g�y� 

�a�s�s�e�s�s�m�e�n�t�s�,� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �w�i�l�l� �r�e�q�u�i�r�e� �s�i�g�n�i�f�i�c�a�n�t� 

�f�i�n�a�n�c�i�a�l� �a�n�d� �h�u�m�a�n� �r�e�s�o�u�r�c�e�s�.� �U�s�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �c�o�s�t�s� �f�o�r� �t�h�e� �g�l�o�b�a�l� �m�o�b�i�l�e� 

�S�A�T�C�O�M� �s�y�s�t�e�m�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �3�,� �t�h�e� �s�c�o�p�e� �o�f� �a� �g�l�o�b�a�l� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�s�y�s�t�e�m� �c�a�n� �b�e� �e�x�p�e�c�t�e�d� �t�o� �c�o�s�t� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �$�1� �t�o� �$�1�0� �B�i�l�l�i�o�n� �d�e�p�e�n�d�i�n�g� �u�p�o�n� 

�t�h�e� �s�y�s�t�e�m� �s�o�l�u�t�i�o�n� �c�h�o�s�e�n�.� �L�i�f�e� �C�y�c�l�e� �C�o�s�t� �(�L�C�C�)� �e�l�e�m�e�n�t�s� �a�n�d� �a� �h�i�g�h�-�l�e�v�e�l� 

�L�C�C� �a�n�a�l�y�s�i�s� �a�r�e� �p�r�o�v�i�d�e�d� �l�a�t�e�r� �w�i�t�h�i�n� �t�h�i�s� �d�e�s�i�g�n� �a�s� �i�n�i�t�i�a�l� �e�s�t�i�m�a�t�e�s� �o�f� �t�h�e� 

�r�e�s�o�u�r�c�e�s� �r�e�q�u�i�r�e�d�.� 

�P�l�a�n�n�i�n�g� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�i�s� �e�f�f�o�r�t� �s�h�o�u�l�d� �b�e� �g�e�a�r�e�d� �t�o�w�a�r�d� 

�s�e�p�a�r�a�t�e�l�y� �d�e�f�i�n�e�d� �s�t�a�g�e�s� �o�f� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �f�i�n�a�n�c�i�n�g� �t�o� �e�n�s�u�r�e� 

�t�h�a�t� �t�h�e� �s�y�s�t�e�m� �i�s� �r�e�a�l�i�z�a�b�l�e�.� �F�i�n�a�l� �p�l�a�n�n�i�n�g� �o�f� �t�h�e� �s�y�s�t�e�m� �w�i�l�l� �n�o�t� �b�e� �f�u�l�l�y� 

�p�o�s�s�i�b�l�e� �u�n�t�i�l� �e�a�r�l�i�e�r� �t�r�a�d�e�o�f�f�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �a�n�d� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n� �f�i�n�a�l�i�z�e�d�.� 

�T�h�i�s� �p�o�i�n�t� �m�u�s�t� �b�e� �r�e�a�c�h�e�d� �b�e�f�o�r�e� �f�i�n�a�l� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �p�l�a�n�s� 

�c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �c�o�s�t�e�d�.� �T�h�e� �R�e�t�u�r�n�-�O�n�-�I�n�v�e�s�t�m�e�n�t� �(�R�O�I�)� �f�o�r� �t�h�e� �s�y�s�t�e�m� 

�s�h�o�u�l�d� �b�e� �e�s�t�i�m�a�t�e�d� �a�n�d� �r�e�f�i�n�e�d� �a�t� �e�a�c�h� �s�t�a�g�e� �o�f� �d�e�v�e�l�o�p�m�e�n�t� �t�o� �e�n�s�u�r�e� �s�y�s�t�e�m� 

�d�e�s�i�g�n�-�f�o�r�-�p�r�o�f�i�t�a�b�i�l�i�t�y� �a�n�d� �t�o� �a�s�s�i�s�t� �i�n� �o�b�t�a�i�n�i�n�g� �f�i�n�a�n�c�i�a�l� �b�a�c�k�i�n�g�.� 

�F�e�a�s�i�b�i�l�i�t�y� �S�t�u�d�i�e�s� 

�T�e�c�h�n�o�i�l�o�g�y�-�o�r�i�e�n�t�e�d� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�i�e�s� �a�r�e� �r�e�q�u�i�r�e�d� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� 

�s�t�a�g�e�s� �o�f� �s�y�s�t�e�m� �d�e�s�i�g�n� �t�o� �c�o�n�s�i�d�e�r� �a�n�d� �e�v�a�l�u�a�t�e� �a�l�l� �p�o�s�s�i�b�l�e� �s�y�s�t�e�m� �s�o�l�u�t�i�o�n�s�,� 

�a�n�d� �t�o� �a�c�c�u�r�a�t�e�l�y� �d�e�f�i�n�e� �b�o�u�n�d�s� �o�n� �o�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �w�i�t�h�o�u�t� �l�i�m�i�t�i�n�g� 

�s�y�s�t�e�m� �d�e�s�i�g�n� �s�o�l�u�t�i�o�n�s�.� �T�h�e� �t�e�c�h�n�o�l�o�g�i�e�s� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r�,� �a�s� �w�e�l�l� �a�s� �c�u�t�t�i�n�g� 

�e�d�g�e� �t�e�c�h�n�o�l�o�g�y� �i�n� �o�t�h�e�r� �e�l�e�c�t�r�o�n�i�c� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�r�e�a�s�,� �s�h�o�u�l�d� �b�e� �f�u�l�l�y� 
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�e�v�a�l�u�a�t�e�d� �f�o�r� �a�p�p�l�i�c�a�b�i�l�i�t�y� �t�o� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�i�s� 

�f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �c�o�n�s�i�s�t�s� �o�f� �a�n� �o�v�e�r�a�l�l� �a�p�p�r�o�a�c�h� �a�n�a�l�y�s�i�s� �a�s� �w�e�l�l� �a�s� �a� �t�e�c�h�n�o�l�o�g�y� 

�a�s�s�e�s�s�m�e�n�t�.� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n� �t�h�i�s� �s�t�u�d�y� �w�i�l�l� �b�e� �t�o� �d�e�t�e�r�m�i�n�e� �o�v�e�r�a�l�l� �s�y�s�t�e�m� �a�p�p�r�o�a�c�h�e�s� 

�t�o� �p�r�o�v�i�d�i�n�g� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�n�d� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� 

�t�h�e�s�e� �a�p�p�r�o�a�c�h�e�s�.� �T�h�e� �f�e�a�s�i�b�l�e� �a�p�p�r�o�a�c�h�e�s� �w�i�l�l� �t�h�e�n� �b�e� �f�u�r�t�h�e�r� �a�n�a�l�y�z�e�d� �d�u�r�i�n�g� 

�p�r�e�l�i�m�i�n�a�r�y� �s�y�s�t�e�m�s� �a�n�a�l�y�s�i�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �o�p�t�i�m�a�l� �s�o�l�u�t�i�o�n�.� �I�n� �o�r�d�e�r� �t�o� 

�e�v�a�l�u�a�t�e� �p�o�t�e�n�t�i�a�l� �a�p�p�r�o�a�c�h�e�s� �w�h�i�c�h� �s�a�t�i�s�f�y� �t�h�e� �s�y�s�t�e�m� �n�e�e�d�s� �p�r�e�v�i�o�u�s�l�y� 

�d�e�f�i�n�e�d�,� �k�e�y� �i�s�s�u�e�s� �m�u�s�t� �b�e� �a�d�d�r�e�s�s�e�d� �t�o� �a�s�s�u�r�e� �t�h�a�t� �t�h�e� �s�y�s�t�e�m� �i�t�s�e�l�f� �i�s� 

�f�e�a�s�i�b�l�e�.� �S�o�m�e� �o�f� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �a�n�a�l�y�s�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �e�n�o�u�g�h� �d�e�t�a�i�l� �(�i�.�e�.�,� 

�m�o�r�e� �t�h�a�n� �j�u�s�t� �w�o�r�s�t� �c�a�s�e�)� �t�h�a�t� �t�h�e�y� �c�a�n� �b�e� �u�t�i�l�i�z�e�d� �f�o�r� �t�r�a�d�e�o�f�f� �a�n�a�l�y�s�e�s� �d�u�r�i�n�g� 

�t�h�e� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n� �p�h�a�s�e�.� 

�A�p�p�r�o�a�c�h�e�s� �-� �T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �a�p�p�r�o�a�c�h�e�s� �f�o�r� �p�r�o�v�i�d�i�n�g� �a� �b�r�o�a�d�b�a�n�d� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �c�h�a�n�n�e�l� �t�h�r�o�u�g�h� �f�r�e�e� �s�p�a�c�e� �[�2�5�]�.� �T�h�e�s�e� �a�l�t�e�r�n�a�t�i�v�e�s�,� �w�h�i�c�h� �a�r�e� 

�a�p�p�l�i�c�a�b�l�e� �t�o� �p�r�o�v�i�d�i�n�g� �h�i�g�h�e�r� �f�r�e�q�u�e�n�c�y� �(�G�H�z� �r�a�n�g�e�)� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �a�r�e� 

�c�o�m�p�a�r�e�d� �b�e�l�o�w� �a�g�a�i�n�s�t� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �t�o� �i�d�e�n�t�i�f�y� �f�e�a�s�i�b�l�e� �a�p�p�r�o�a�c�h�e�s�.� 

�A�n� �s�u�m�m�a�r�y� �a�n�a�l�y�s�i�s� �o�f� �t�h�e�s�e� �p�o�t�e�n�t�i�a�l� �a�p�p�r�o�a�c�h�e�s� �f�o�r� �m�e�e�t�i�n�g� �u�s�e�r� �n�e�e�d�s� �i�s� 

�s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �4�.� 

�L�O�S� �M�i�c�r�o�w�a�v�e�.� �M�i�c�r�o�w�a�v�e� �l�i�n�k�s� �i�n� �t�h�e� �1� �-� �1�3� �G�H�z� �f�r�e�q�u�e�n�c�y� 

�r�a�n�g�e�s� �c�u�r�r�e�n�t�l�y� �p�r�o�v�i�d�e� �p�o�i�n�t�-�t�o�-�p�o�i�n�t� �L�O�S� �l�i�n�k�s� �f�o�r� �t�e�r�r�e�s�t�r�i�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� 

�T�h�i�s� �a�l�t�e�r�n�a�t�i�v�e� �w�o�u�l�d� �n�o�t� �s�a�t�i�s�f�y� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �m�a�r�i�t�i�m�e� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �d�u�e� �t�o� �t�h�e� �c�l�e�a�r� �L�O�S� �r�e�q�u�i�r�e�m�e�n�t� �a�n�d� �m�a�x�i�m�u�m� �d�i�s�t�a�n�c�e� �o�f� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0� �k�m�.� �T�h�e�r�e� �i�s� �a�l�s�o� �i�n�s�u�f�f�i�c�i�e�n�t� �b�a�n�d�w�i�d�t�h� �a�n�d� �p�o�t�e�n�t�i�a�l� 

�i�n�t�e�r�f�e�r�e�n�c�e� �i�n� �t�h�e� �c�u�r�r�e�n�t� �L�O�S� �m�i�c�r�o�w�a�v�e� �f�r�e�q�u�e�n�c�y� �r�a�n�g�e�s�.� �A�l�t�h�o�u�g�h� �h�i�g�h�e�r� 

�f�r�e�q�u�e�n�c�y� �b�a�n�d�s� �a�r�e� �p�o�t�e�n�t�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�i�s� �a�p�p�r�o�a�c�h�,� �d�i�r�e�c�t�i�v�i�t�y� �a�n�d� 

�d�i�s�t�a�n�c�e� �s�t�i�l�l� �l�i�m�i�t� �i�t�s� �a�p�p�l�i�c�a�t�i�o�n�.� �L�a�n�d� �L�O�S� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �w�o�u�l�d� �a�l�s�o� 

�i�m�p�o�s�e� �u�n�d�u�e� �c�o�n�s�t�r�a�i�n�t�s� �o�n� �t�h�e� �a�n�t�e�n�n�a� �p�l�a�t�f�o�r�m� �(�h�e�i�g�h�t�)� �o�r� �r�e�s�u�l�t� �i�n� �s�i�g�n�i�f�i�c�a�n�t� 

�l�o�s�s� �i�n� �a�v�a�i�l�a�b�i�l�i�t�y�.� 

�C�e�l�l�u�l�a�r� �M�i�c�r�o�w�a�v�e�.� �M�o�b�i�l�e� �c�e�l�l�u�l�a�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�n�d� �P�C�S� 

�(�b�a�s�e�d� �o�n� �t�h�i�s� �t�e�c�h�n�o�l�o�g�y�)� �a�r�e� �a�l�s�o� �p�o�s�s�i�b�l�e� �a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �s�a�t�i�s�f�y� �m�o�b�i�l�e� 

�3�0



�(�p�u�e�]�)� �p�a�x�i�l� �-� �4� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

� � 
� � � � � � 

�
 
�
 

�(�s�d�q�w� 
�z� �>�)� �H

�e�y� �B�y�e�q� �w�n�i�p�e�y� 
�-� �Y

�a�W
� 

�B�|�I�Q�o�)� �p�u�e�t� �-� �7� 
�a�}�e�|�d�w

�o�y� 
�-� �9� 

�Q
�U

�W
�I�J�W

�E�I�N
� 

�-� 
�l�e�I�U

�e�d�-�d� 
�j�e�o�n�n�e�u�g�a�y� 

�-� 

�I�n�d� �|� 
�P

�e�W
� 

�S�d�A� 
�S�O

�A� 
�Q

�9�]�/�O
�0�]�9�0�]�9�0� 

�S�8�A� 
�S

�y�I�s�e�S
� 

�O
�A

�W
� 

�I�n�N�4� �|� 
�P

�e�W
� 

�S�o�A� 
�S�O

�A� 
�O

�/�O
�]�;� 

�9�]� 
�9� 

�S�o�A� 
�o�W

�a�I�E
�S

� 
�O

�A
�T� 

�S�H�U�I�|�-�K� 
�S�P�H�[�]�B�J�E�S� 

�|� 
�M

�O
�T� 

�S�8�A� 
�S�8�A� 

�d
�|�d

�j�]�|�d
�f�d

� 
�S�8�A� 

�O
�}�|�|�9�}�E�S� 

�J�O
�S�E�]� 

�S�U�O
�N� 

�|� 
�U�D�I�H� 

�O�N� 
�O�N� 

�9
�/�9

�]�/�9
�]�9

�0
�]� �S�e�a� 

�y�I�]�V�E�S� 
�0�8�5�)� 

�7� �A
�i�s�u�s�p� 

�y�b�i�y� �M
�G

�W
� 

�|� �=� �Y�B�I�H� 
�S�o�A� 

�S�O
�A� 

�2�]� 
�O

�0
�]�d

�f�{�d
� 

�O
�N� 

�S
�A

�B
�M

�O
�I�I�I�W

� 
�1�8�D

� 
�S

�U
�O

�N
� 

�|� 
�U�D�I�H� 

�O
�N� 

�S�o�A� 
�2

�|�d
�i�{�t�d

�j�f�{�d
� 

�O
�N� 

�S�A�B�M
�O

�I�D
�I�I�N

� 
�S

�O
�T� 

�u�o�i�j�e�o�i�d�d�y� 
�q�e�i�j�a�y� �|� �a�i�q�u�y�e�d�u�w

�o�y� 
�|� 

 ��s�e�d�w
�o�4� 

�4� 
�T�I� 

�W�I� 
�Y�y� �{� 

�s�a�a�o�0�9� 
�|�B�l�J�U�S�}�O

�q� 
�U

�S
�A

�0�]�d� �W
�U�J�O

�N�e�|�q� �|� �A�l�a�s� �p�e�x�i�4� 
�D

�a�d�I�A�J�e�S� 
�S�s�i�a�s�n� 

�j�e�q�o�|� 
�S�A�I�J�E�U

�I�O
�}�V� 

� � 
� � 

� � 
� � 

� � 
� � 

� � 
�
 
�
 

�s�i�s�k�j�e�u�y� 
�y�o

�e
�o

�i�d
�d

�y� 
�a�j�q�i�s�e�a�,� 

�-� �p� �a�j�q�e�l� 

�3�1



�b�r�o�a�d�b�a�n�d� �r�e�q�u�i�r�e�m�e�n�t�s�.� �H�o�w�e�v�e�r�,� �m�a�x�i�m�u�m� �c�e�l�l� �s�i�z�e� �(�i�.�e�.� �r�a�n�g�e�)� �w�o�u�l�d� �n�o�t� �b�e� 

�a�b�l�e� �t�o� �s�u�p�p�o�r�t� �m�a�r�i�t�i�m�e� �u�s�e�r�s� �o�r� �t�r�a�n�s�o�c�e�a�n�i�c� �a�e�r�o�n�a�u�t�i�c�a�l� �u�s�e�r�s�.� �M�o�b�i�l�e� 

�c�e�l�l�u�l�a�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �m�a�y� �b�e� �f�e�a�s�i�b�l�e� �t�o� �s�a�t�i�s�f�y� �l�o�w�-�e�n�d� �b�r�o�a�d�b�a�n�d� �l�a�n�d� 

�m�o�b�i�l�e� �n�e�e�d�s� �(�p�a�r�t�i�c�u�l�a�r�l�y� �d�e�n�s�e�l�y� �p�o�p�u�l�a�t�e�d� �a�r�e�a�s�)� �i�f� �B�W� �a�n�d� �p�o�w�e�r� 

�r�e�q�u�i�r�e�m�e�n�t�s� �c�a�n� �b�e� �f�u�l�f�i�l�l�e�d�.� 

�G�e�o�s�y�n�c�h�r�o�n�o�u�s� �S�a�t�e�l�l�i�t�e�s�.� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�a�t�e�l�l�i�t�e�s� �o�p�e�r�a�t�i�n�g� 

�a�t� �g�e�o�s�y�n�c�h�r�o�n�o�u�s� �o�r�b�i�t�s� �c�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �c�o�v�e�r�a�g�e� �a�n�d� �c�o�n�n�e�c�t�i�v�i�t�y� 

�r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�o�u�n�d� �t�r�i�p� �s�i�g�n�a�l� �d�e�l�a�y� �o�f� 

�~�2�4�0� �m�s� �(�n�o�t� �i�n�c�l�u�d�i�n�g� �s�i�g�n�a�l� �p�r�o�c�e�s�s�i�n�g� �f�o�r� �d�i�g�i�t�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�)� �i�s� �a�s�s�u�m�e�d� �t�o� 

�b�e� �u�n�a�c�c�e�p�t�a�b�l�e� �f�o�r� �p�r�o�v�i�d�i�n�g� �r�e�a�l�-�t�i�m�e� �i�n�t�e�g�r�a�t�e�d� �v�o�i�c�e� �a�n�d� �v�i�d�e�o� �f�o�r� 

�b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s� �(�w�h�i�c�h� �c�a�n� �b�e� �c�o�m�p�e�t�i�t�i�v�e� �w�i�t�h� �t�e�r�r�e�s�t�r�i�a�l�l�y�-�o�f�f�e�r�e�d� 

�s�e�r�v�i�c�e�s�)�.� �T�h�e� �f�r�e�e� �s�p�a�c�e� �l�o�s�s� �m�a�y� �a�l�s�o� �r�e�q�u�i�r�e� �p�r�o�h�i�b�i�t�i�v�e�l�y� �l�a�r�g�e� �t�e�r�m�i�n�a�l� 

�a�n�t�e�n�n�a�s� �a�n�d�/�o�r� �a�m�p�l�i�f�i�e�r�s� �t�o� �m�i�t�i�g�a�t�e� �t�h�e� �a�t�m�o�s�p�h�e�r�i�c� �a�n�d� �r�a�i�n� �l�o�s�s�e�s� �i�n�d�u�c�e�d� 

�a�t� �p�o�t�e�n�t�i�a�l� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �f�r�e�q�u�e�n�c�y� �r�a�n�g�e�s�.� 

�L�a�s�e�r� �C�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �L�a�s�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �i�n� �t�h�e� 

�l�a�b�o�r�a�t�o�r�y� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �i�n�i�t�i�a�l� �t�e�s�t�i�n�g� �p�h�a�s�e�s�.� �M�o�s�t� �l�i�k�e�l�y� �a�p�p�l�i�c�a�t�i�o�n�s� �s�e�e�n� 

�f�o�r� �l�a�s�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �f�o�r� �s�p�a�c�e�-�b�a�s�e�d� �l�i�n�k�s� �(�s�u�c�h� �a�s� �s�a�t�e�l�l�i�t�e� �c�r�o�s�s�l�i�n�k�s�)� 

�a�n�d� �h�i�g�h� �d�a�t�a� �r�a�t�e� �(�~�1�0� �G�b�p�s�)� �s�a�t�e�l�l�i�t�e� �d�o�w�n�l�i�n�k�s� �t�o� �d�i�v�e�r�s�i�t�y� �g�r�o�u�n�d� �s�i�t�e�s�.� �K�e�y� 

�i�s�s�u�e�s� �w�i�t�h� �l�a�s�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �m�e�c�h�a�n�i�c�a�l� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�e�s�s�e�s� �i�n�d�u�c�e�d� 

�i�n� �t�h�e� �p�a�y�l�o�a�d� �o�p�t�o�e�l�e�c�t�r�o�n�i�c�s�,� �p�o�i�n�t�i�n�g� �a�n�d� �s�p�a�t�i�a�l� �a�c�q�u�i�s�i�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s�,� 

�p�l�a�t�f�o�r�m� �j�i�t�t�e�r� �e�f�f�e�c�t�s�,� �a�n�d� �a�d�v�e�r�s�e� �i�m�p�a�c�t�s� �o�f� �c�l�o�u�d� �c�o�v�e�r� �[�2�6�]�.� �L�a�s�e�r� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �n�o�t� �a� �f�e�a�s�i�b�l�e� �a�l�t�e�r�n�a�t�i�v�e� �f�o�r� �f�u�l�l� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �l�i�n�k� 

�c�o�n�n�e�c�t�i�v�i�t�y� �b�u�t� �m�a�y� �b�e� �a� �v�i�a�b�l�e� �a�l�t�e�r�n�a�t�i�v�e� �f�o�r� �s�a�t�e�l�l�i�t�e� �c�r�o�s�s�l�i�n�k�s�.� 

�L�E�O� �S�a�t�e�l�l�i�t�e�s�.� �S�a�t�e�l�l�i�t�e�s� �o�r�b�i�t�i�n�g� �a�t� �a�l�t�i�t�u�d�e�s� �o�f� �3�0�0� �t�o� �2�0�0�0� �k�m� 

�a�r�e� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �u�s�e�d� �o�r� �p�l�a�n�n�e�d� �t�o� �f�u�l�f�i�l�l� �g�l�o�b�a�l� �f�i�x�e�d� �a�n�d�/�o�r� �m�o�b�i�l�e� �l�o�w� �d�a�t�a� 

�r�a�t�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �n�e�e�d�s�.� �L�E�O� �s�a�t�e�l�l�i�t�e�s� �o�f�f�e�r� �s�h�o�r�t�e�r� �d�e�l�a�y� �t�i�m�e�s� �a�n�d� �c�a�n� 

�t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �s�m�a�l�l�e�r� �g�r�o�u�n�d� �t�e�r�m�i�n�a�l�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �f�r�e�e� 

�s�p�a�c�e� �l�o�s�s�.� �T�h�e�s�e� �b�e�n�e�f�i�t�s� �c�o�m�e� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �a� �l�a�r�g�e�r� �n�u�m�b�e�r� �o�f� �s�a�t�e�l�l�i�t�e�s� 

�f�o�r� �t�h�e� �s�a�m�e� �c�o�v�e�r�a�g�e� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �s�y�s�t�e�m� �c�o�m�p�l�e�x�i�t�y� �d�u�e� �t�o� �i�n�c�r�e�a�s�e�d� 

�d�o�p�p�l�e�r� �s�h�i�f�t�,� �s�p�a�t�i�a�l� �a�c�q�u�i�s�i�t�i�o�n� �a�n�d� �t�r�a�c�k�i�n�g�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �h�a�n�d�-�o�f�f� 

�b�e�t�w�e�e�n� �s�a�t�e�l�l�i�t�e�s�.� 
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�M�E�O� �S�a�t�e�l�l�i�t�e�s�.� �S�a�t�e�l�l�i�t�e�s� �o�r�b�i�t�i�n�g� �a�t� �a�l�t�i�t�u�d�e�s� �o�f� �2�0�0�0� �t�o� �1�0�0�0�0� �k�m� 

�a�r�e� �a�l�s�o� �p�l�a�n�n�e�d� �t�o� �f�u�l�f�i�l�l� �g�l�o�b�a�l� �f�i�x�e�d� �a�n�d�/�o�r� �m�o�b�i�l�e� �l�o�w� �d�a�t�a� �r�a�t�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �n�e�e�d�s� �i�n� �t�h�e� �f�u�t�u�r�e�.� �M�E�O� �s�a�t�e�l�l�i�t�e�s� �o�f�f�e�r� �s�h�o�r�t�e�r� �d�e�l�a�y� �t�i�m�e�s� 

�t�h�a�n� �c�u�r�r�e�n�t� �g�e�o�s�y�n�c�h�r�o�n�o�u�s� �s�a�t�e�l�l�i�t�e�s� �w�h�i�l�e� �r�e�d�u�c�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �s�a�t�e�l�l�i�t�e�s� 

�r�e�q�u�i�r�e�d� �f�o�r� �g�l�o�b�a�l� �c�o�v�e�r�a�g�e� �a�s� �c�o�m�p�a�r�e�d� �t�o� �L�E�O� �s�a�t�e�l�l�i�t�e�s�.� �T�h�e�r�e� �i�s� �s�t�i�l�l� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �s�y�s�t�e�m� �c�o�m�p�l�e�x�i�t�y� �d�u�e� �t�o� �i�n�c�r�e�a�s�e�d� �d�o�p�p�l�e�r� �s�h�i�f�t�,� �s�p�a�t�i�a�l� �a�c�q�u�i�s�i�t�i�o�n� 

�a�n�d� �t�r�a�c�k�i�n�g�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �h�a�n�d�-�o�f�f� �b�e�t�w�e�e�n� �M�E�O� �s�a�t�e�l�l�i�t�e�s� �a�s� 

�c�o�m�p�a�r�e�d� �t�o� �g�e�o�s�y�n�c�h�r�o�n�o�u�s� �s�a�t�e�l�l�i�t�e�s�.� �M�o�r�e� �p�o�w�e�r� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �M�E�O� 

�s�a�t�e�l�l�i�t�e�s� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� �g�r�o�u�n�d� �t�e�r�m�i�n�a�l�s� �v�e�r�s�u�s� �t�h�e� �L�E�O� �a�p�p�r�o�a�c�h�.� 

�A�s� �s�h�o�w�n� �f�r�o�m� �t�h�e� �a�b�o�v�e� �f�e�a�s�i�b�i�l�i�t�y� �a�n�a�l�y�s�i�s�,� �L�E�O�/�M�E�O� �s�a�t�e�l�l�i�t�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�n�d� �m�i�c�r�o�w�a�v�e� �c�e�l�l�u�l�a�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �t�h�e� �o�n�l�y� �m�e�a�n�s� 

�c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e� �o�r� �p�r�o�j�e�c�t�e�d� �f�o�r� �m�o�b�i�l�e� �u�s�e�r� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s� �(�w�i�t�h� �t�h�e� 

�e�x�c�e�p�t�i�o�n� �o�f� �p�o�s�s�i�b�l�e� �l�a�s�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �f�o�r� �s�a�t�e�l�l�i�t�e� �c�r�o�s�s�l�i�n�k�s�)�.� �A�l�s�o�,� �t�o� 

�p�r�o�v�i�d�e� �f�o�r� �c�o�m�p�l�e�t�e� �s�y�s�t�e�m� �c�a�p�a�b�i�l�i�t�y� �(�s�e�r�v�i�c�e� �t�o� �a�l�l� �u�s�e�r�s�)�,� �t�h�e� �s�y�s�t�e�m� �m�u�s�t� 

�c�o�n�t�a�i�n� �s�o�m�e� �e�l�e�m�e�n�t� �o�f� �S�A�T�C�O�M�.� �T�h�e� �v�a�r�i�o�u�s� �d�e�s�i�g�n� �o�p�t�i�o�n�s� �b�a�s�e�d� �u�p�o�n� 

�t�h�e�s�e� �a�l�t�e�r�n�a�t�i�v�e�s� �a�r�e� �f�u�r�t�h�e�r� �a�n�a�l�y�z�e�d� �d�u�r�i�n�g� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n�.� 

�I�s�s�u�e�s� �-� �K�e�y� �i�s�s�u�e�s� �w�h�i�c�h� �m�u�s�t� �b�e� �a�d�d�r�e�s�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� 

�o�f� �t�h�e�s�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �a�p�p�r�o�a�c�h�e�s� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�e� �S�p�e�c�t�r�u�m� �a�v�a�i�l�a�b�i�l�i�t�y� 

�e� �B�a�n�d�w�i�d�t�h� �c�a�p�a�c�i�t�y� 

�e� �R�F� �a�t�t�e�n�u�a�t�i�o�n� 

�e� �E�c�o�n�o�m�i�c� �f�e�a�s�i�b�i�l�i�t�y� 

�T�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�,� �s�u�c�h� �a�s� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �r�e�q�u�i�r�e�d� �R�F� �a�n�d� �d�i�g�i�t�a�l� 

�p�r�o�c�e�s�s�i�n�g� �c�o�m�p�o�n�e�n�t� �p�e�r�f�o�r�m�a�n�c�e�,� �a�r�e� �a�d�d�r�e�s�s�e�d� �l�a�t�e�r� �a�s� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� 

�a�r�e�a�s� �f�o�r� �f�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �F�o�r� �t�h�e� �p�u�r�p�o�s�e�s� �o�f� �t�h�i�s� �a�n�a�l�y�s�i�s�,� �i�t� �i�s� �a�s�s�u�m�e�d� 

�t�h�a�t� �t�h�e� �t�e�c�h�n�o�l�o�g�y� �w�i�l�l� �b�e� �a�v�a�i�l�a�b�l�e� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�y�s�t�e�m� �d�e�s�i�g�n� �t�o� �s�a�t�i�s�f�y� 

�r�e�q�u�i�r�e�d� �p�e�r�f�o�r�m�a�n�c�e� �p�a�r�a�m�e�t�e�r�s�.� 

�s�p�e�c�t�r�u�m� �A�v�a�i�l�a�b�i�l�i�t�y�.� �A�l�l�o�c�a�t�i�o�n� �o�f� �t�h�e� �R�F� �s�p�e�c�t�r�u�m� �f�o�r� �s�p�e�c�i�f�i�c� 

�u�s�e�s� �i�s� �t�i�g�h�t�l�y� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �T�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �U�n�i�o�n� �(�I�T�U�)� 
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�u�n�d�e�r� �t�h�e� �a�u�s�p�i�c�e�s� �o�f� �t�h�e� �U�n�i�t�e�d� �N�a�t�i�o�n�s�.� �T�h�e� �I�T�U� �i�s� �c�o�m�p�r�i�s�e�d� �o�f� 

�r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �f�r�o�m� �o�v�e�r� �2�0�0� �m�e�m�b�e�r� �c�o�u�n�t�r�i�e�s� �a�n�d� �m�e�e�t�s� �e�v�e�r�y� �t�w�o� �y�e�a�r�s� �t�o� 

�d�i�s�c�u�s�s� �m�a�t�t�e�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �R�F� �s�p�e�c�t�r�u�m� �a�l�l�o�c�a�t�i�o�n� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� 

�s�t�a�n�d�a�r�d�s�.� �T�h�e� �l�a�t�e�s�t� �k�n�o�w�n� �f�r�e�q�u�e�n�c�y� �b�a�n�d�s� �w�h�i�c�h� �m�a�y� �b�e� �a�v�a�i�l�a�b�l�e� �t�o� 

�s�u�p�p�o�r�t� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5� �[�2�7�]�.� �T�h�e� 

�m�o�b�i�l�e� �n�o�n�-�S�A�T�C�O�M� �f�r�e�q�u�e�n�c�y� �b�a�n�d�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5� �a�r�e� �o�n�l�y� �t�h�o�s�e� �w�h�i�c�h� 

�m�e�e�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�d�i�t�i�o�n�s� �t�o� �m�e�e�t� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �[�2�5�,�2�7�]� �:� 

�C�o�n�d�i�t�i�o�n� �R�e�a�s�o�n� 

�e� �B�W� �>� �1�0�0� �M�H�z� �C�h�a�n�n�e�l� �c�a�p�a�c�i�t�y� 

�e� �f�<�2�0� �G�H�z� �C�e�l�l�u�l�a�r� �v�s�.� �L�O�S� 

�e� �D�o�e�s� �n�o�t� �i�n�c�l�u�d�e� �S�A�T�C�O�M� �d�o�w�n�l�i�n�k� �u�s�e� �_� �I�n�t�e�r�f�e�r�e�n�c�e� 

�B�a�s�e�d� �u�p�o�n� �k�n�o�w�n� �o�r� �p�l�a�n�n�e�d� �u�s�e�s� �o�f� �s�o�m�e� �o�f� �t�h�e�s�e� �b�a�n�d�s�,� �t�h�e� �n�e�e�d� �f�o�r� 

�l�a�r�g�e� �b�a�n�d�w�i�d�t�h� �(�a�s� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�)�,� �a�n�d� �t�h�e� �S�A�T�C�O�M� �t�r�a�n�s�c�e�i�v�e�r� �p�r�e�f�e�r�e�n�c�e� 

�o�f� �h�i�g�h�e�r� �U�/�L� �f�r�e�q�u�e�n�c�i�e�s� �(�a�s� �c�o�m�p�a�r�e�d� �t�o� �D�/�L�)�,� �p�o�s�s�i�b�l�e� �f�r�e�q�u�e�n�c�y� 

�a�s�s�i�g�n�m�e�n�t�s� �t�o� �s�u�p�p�o�r�t� �a� �S�A�T�C�O�M� �a�p�p�r�o�a�c�h� �t�o� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�u�p�p�o�r�t� �a�r�e� 

�l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.� �B�a�s�e�d� �u�p�o�n� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �f�r�e�q�u�e�n�c�y� �b�a�n�d�s� �l�i�s�t�e�d� �i�n� 

�T�a�b�l�e�s� �5� �a�n�d� �6� �a�n�d� �t�h�e� �c�u�r�r�e�n�t� �a�n�d� �p�r�o�j�e�c�t�e�d� �s�t�a�t�e� �o�f� �R�F� �m�i�c�r�o�e�l�e�c�t�r�o�n�i�c�s�,� 

�a�l�l�o�c�a�t�i�o�n� �a�n�d� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �R�F� �s�p�e�c�t�r�u�m� �t�o� �s�u�p�p�o�r�t� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�p�p�e�a�r�s� �f�e�a�s�i�b�l�e�.� �T�h�e� �i�s�s�u�e�s� �o�f� �f�r�e�q�u�e�n�c�y� �a�p�p�r�o�v�a�l� �a�n�d� 

�l�i�c�e�n�s�i�n�g� �f�o�r� �p�o�t�e�n�t�i�a�l� �f�r�e�q�u�e�n�c�y� �b�a�n�d�s� �a�r�e� �a�d�d�r�e�s�s�e�d� �l�a�t�e�r�.� 

�B�W� �C�a�p�a�c�i�t�y�.� �T�h�r�o�u�g�h�p�u�t� �d�a�t�a� �r�a�t�e�s� �d�e�f�i�n�e�d� �a�s� �s�y�s�t�e�m� 

�r�e�q�u�i�r�e�m�e�n�t�s� �r�a�i�s�e� �t�h�e� �i�s�s�u�e� �o�f� �B�W� �c�a�p�a�c�i�t�y� �t�o� �s�u�p�p�o�r�t� �t�h�e�s�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� 

�f�e�a�s�i�b�i�l�i�t�y� �o�f� �p�r�o�v�i�d�i�n�g� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�o� �s�u�p�p�o�r�t� �e�n�o�u�g�h� �u�s�e�r�s� �p�e�r� �s�a�t�e�l�l�i�t�e� �o�r� 

�c�e�l�l�u�l�a�r� �b�a�s�e� �s�t�a�t�i�o�n� �m�u�s�t� �b�e� �a�s�s�e�s�s�e�d� �f�o�r� �t�h�e� �i�d�e�n�t�i�f�i�e�d� �f�r�e�q�u�e�n�c�y� �b�a�n�d�s�.� 

�D�e�s�i�g�n� �f�a�c�t�o�r�s� �w�h�i�c�h� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �t�h�i�s� �a�s�s�e�s�s�m�e�n�t� �i�n�c�l�u�d�e� �d�a�t�a� 

�e�n�c�o�d�i�n�g� �s�c�h�e�m�e�,� �o�v�e�r�h�e�a�d� �r�e�q�u�i�r�e�d� �f�o�r� �s�y�s�t�e�m� �a�c�c�e�s�s� �c�o�n�t�r�o�l� �a�n�d� �n�e�t�w�o�r�k� 

�m�a�n�a�g�e�m�e�n�t�,� �a�n�d� �f�r�e�q�u�e�n�c�y� �r�e�-�u�s�e� �s�c�h�e�m�e�s� �t�o� �i�n�c�r�e�a�s�e� �c�h�a�n�n�e�l� �c�a�p�a�c�i�t�y�.� �F�o�r� 

�f�e�a�s�i�b�i�l�i�t�y� �p�u�r�p�o�s�e�s�,� �w�e� �w�i�l�l� �a�n�a�l�y�z�e� �t�h�e� �B�W� �c�a�p�a�c�i�t�y� �f�o�r� �a� �S�A�T�C�O�M� �a�p�p�r�o�a�c�h� 

�u�s�i�n�g� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�r�e�q�u�e�n�c�y� �b�a�n�d�s� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �a�s�s�u�m�i�n�g� �a� �s�i�m�p�l�e� �f�r�e�q�u�e�n�c�y� 

�m�u�l�t�i�p�l�e� �a�c�c�e�s�s� �s�y�s�t�e�m�.� 
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�T�a�b�l�e� �5� �-� �P�o�t�e�n�t�i�a�l� �M�o�b�i�l�e� �F�r�e�q�u�e�n�c�y� �B�a�n�d�s� 
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�M�S� �-�M�o�b�i�l�e� �S�a�t�e�l�l�i�t�e� 
�R�N� �-� �R�a�d�i�o� �N�a�v�i�g�a�t�i�o�n� 
�R�N�S� �-� �R�a�d�i�o� �N�a�v�i�g�a�t�i�o�n� �S�a�t�e�l�l�i�t�e� 

�3�5� 

�F�R�E�Q�U�E�N�C�Y� �B�A�N�D� �D�I�R�E�C�T�I�O�N� �A�P�P�L�I�C�A�T�I�O�N� 
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�C�h�a�r�i�n�e�l� �c�a�p�a�c�i�t�y� �c�a�n� �b�e� �a�n�a�l�y�z�e�d� �f�o�r� �f�e�a�s�i�b�i�l�i�t�y� �b�y� �u�s�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �[�4�1�]�:� 

�R�=� �B�s�B� 
�B�e� 

�w�h�e�r�e� �R�m� �=� �m�a�x� �i�n�f�o� �r�a�t�e� 

�B� �=� �s�i�g�n�a�l� �b�a�n�d�w�i�d�t�h� 

�B�,� �=� �#� �o�f� �b�i�t�s�/�s�y�m�b�o�l� 

�B�,� �=� �C�o�d�i�n�g� �f�a�c�t�o�r� 

�I�f� �w�e� �a�s�s�u�m�e� �t�h�e� �u�s�e� �o�f� �B�P�S�K� �m�o�d�u�l�a�t�i�o�n� �(�s�p�e�c�t�r�a�l�l�y� �i�n�e�f�f�i�c�i�e�n�t�)� �i�n� �w�h�i�c�h� 

�B�,� �=� �1� �a�n�d� �B�,�=� �1�.�1� �a�n�d� �c�o�n�s�i�d�e�r� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �e�n�t�i�r�e� �3� �G�h�z� �u�p�l�i�n�k� �b�a�n�d�w�i�d�t�h� 

�a�t� �t�h�e� �7�1�-�7�4� �G�h�z� �b�a�n�d� �w�e� �g�e�t�:� 

�R�m�=� �3� �G�h�z�/�1�.�1� �=� �2�.�7�2� �G�b�p�s� 

�a�s�s�u�m�i�n�g� �2�0�%� �o�v�e�r�h�e�a�d� �f�o�r� �a�c�q�u�i�s�i�t�i�o�n�,� �t�i�m�i�n�g�,� �a�n�d� �n�e�t�w�o�r�k� �c�o�n�t�r�o�l�,� 

�R�m�i�t�o�t�a�l� �d�a�t�a�)� �=� �2�.�1�8� �G�b�p�s� 

�D�a�t�a� �e�n�c�o�d�i�n�g� �w�i�l�l� �a�l�s�o� �r�e�d�u�c�e� �t�h�e� �a�c�t�u�a�l� �d�a�t�a� �t�h�r�o�u�g�h�p�u�t� �r�a�t�e� �a�n�d� �c�a�n� �b�e� 

�a�s�s�u�m�e�d� �t�o� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �a�c�h�i�e�v�e� �t�h�e� �r�e�q�u�i�r�e�d� �B�E�R� �w�i�t�h�i�n� �t�h�e� �R�F� �p�a�t�h�.� 

�A�s�s�u�m�i�n�g� �r�a�t�e� �2�/�3� �e�n�c�o�d�i�n�g�,� 

�R�m�(�a�c�t�u�a�l� �d�a�t�a�)�  �� �1�.�4�5� �G�b�p�s� 

�T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �c�h�a�n�n�e�l�s� �p�o�s�s�i�b�l�e� �(�w�i�t�h�o�u�t� �f�r�e�q�u�e�n�c�y� �r�e�u�s�e�)� �f�o�r� 

�5�2� �M�b�p�s� �a�n�d� �6� �M�b�p�s� �c�h�a�n�n�e�l�s�,� �r�e�s�p�e�c�t�i�v�e�l�y� �w�o�u�l�d� �b�e�,� 

�N� �c�x� �(�5�2� �M�b�p�s�)� �=� �2�7� 

�N� �c�u� �(�6�M�b�p�s�)� �=� �2�4�1� 

�A�s�s�u�m�i�n�g� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �4�X� �f�r�e�q�u�e�n�c�y� �r�e�u�s�e� �t�h�r�o�u�g�h� �m�u�l�t�i�p�l�e� �b�e�a�m�s�,� 
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�N� �c�x� �(�5�2�M�b�p�s�)� �=� �1�0�8� 

�N� �c�u� �(�6�M�b�p�s�)� �=� �9�6�4� 

�F�o�r� �t�h�e� �m�o�r�e� �B�W� �e�f�f�i�c�i�e�n�t� �Q�P�S�K� �(�w�i�t�h� �3� �d�B� �a�d�d�i�t�i�o�n�a�l� �p�o�w�e�r�)� �w�e� �w�o�u�l�d� 

�g�e�t�:� 

�N� �c�H� �G�2�m�b�p�s�)� �=� �2�1�6� 

�N� �c�u� �(�6� �M�b�p�s�)� �=� �1�9�2�8� 

�C�o�n�v�o�l�u�t�i�o�n� �o�r� �b�l�o�c�k� �e�n�c�o�d�i�n�g� �s�c�h�e�m�e�s� �w�o�u�l�d� �m�o�d�i�f�y� �t�h�i�s� �c�a�p�a�c�i�t�y� �b�y� �k�/�n� 

�w�h�e�r�e� �k� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �s�y�m�b�o�l�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �n� �b�i�t�s�.� �D�i�f�f�e�r�e�n�t� �m�o�d�u�l�a�t�i�o�n� 

�a�n�d� �f�r�e�q�u�e�n�c�y� �r�e�u�s�e� �s�c�h�e�m�e�s� �w�o�u�l�d� �a�l�s�o� �m�o�d�i�f�y� �t�h�e�s�e� �r�e�s�u�l�t�s�.� �T�a�b�l�e� �7� �d�i�s�p�l�a�y�s� 

�t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �b�a�n�d�w�i�d�t�h� �f�e�a�s�i�b�i�l�i�t�y� �a�n�a�l�y�s�i�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �u�p�l�i�n�k� �R�F� 

�b�a�n�d�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �m�o�d�u�l�a�t�i�o�n�,� �e�n�c�o�d�i�n�g�,� �a�n�d� �r�e�u�s�e� �s�c�h�e�m�e�s� �f�o�r� �m�u�l�t�i�p�l�e� 

�c�h�a�n�n�e�l� �d�a�t�a� �r�a�t�e�s�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�i�s� �a�n�a�l�y�s�i�s� �i�s� �b�e�s�t� �c�a�s�e� �a�n�d� �d�o�e�s� 

�n�o�t� �a�c�c�o�u�n�t� �f�o�r� �a�n�y� �f�r�e�q�u�e�n�c�y� �g�u�a�r�d� �b�a�n�d�s�,� �r�e�s�t�r�i�c�t�i�o�n�s� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� 

�b�a�n�d�w�i�d�t�h� �a�v�a�i�l�a�b�l�e� �w�i�t�h�i�n� �t�h�e� �b�a�n�d�,� �a�n�d� �o�t�h�e�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �f�a�c�t�o�r�s�.� 

�I�t� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �t�h�i�s� �s�h�o�r�t� �a�n�a�l�y�s�i�s� �t�h�a�t� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� 

�m�a�y� �b�e� �B�W� �c�o�n�s�t�r�a�i�n�e�d� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �a�c�c�e�s�s�i�b�l�e� �c�h�a�n�n�e�l�s� 

�r�e�q�u�i�r�e�d� �b�y� �e�a�c�h� �s�a�t�e�l�l�i�t�e� �f�o�r� �a� �p�r�o�f�i�t�a�b�l�e� �s�y�s�t�e�m� �(�e�s�p�e�c�i�a�l�l�y� �a�t� �5�2� �M�b�p�s� �a�n�d� 

�1�5�5� �M�b�p�s�)�.� �C�h�a�n�n�e�l� �c�a�p�a�c�i�t�y� �c�o�u�l�d� �b�e� �i�n�c�r�e�a�s�e�d� �b�y� �u�t�i�l�i�z�i�n�g� �a� �m�o�r�e� �B�W� 

�e�f�f�i�c�i�e�n�t� �m�o�d�u�l�a�t�i�o�n� �s�c�h�e�m�e� �o�r� �b�y� �i�m�p�r�o�v�i�n�g� �t�h�e� �f�r�e�q�u�e�n�c�y� �r�e�-�u�s�e� �f�a�c�t�o�r� �w�i�t�h�o�u�t� 

�c�a�u�s�i�n�g� �i�n�t�e�r�f�e�r�e�n�c�e� �o�r� �r�e�n�d�e�r�i�n�g� �t�h�e� �s�y�s�t�e�m� �t�o�o� �c�o�m�p�l�e�x�.� �T�h�e� �d�e�s�i�g�n� �o�f� �s�y�s�t�e�m� 

�o�v�e�r�h�e�a�d� �a�n�d� �c�o�d�i�n�g� �n�e�c�e�s�s�a�r�y� �t�o� �a�c�h�i�e�v�e� �s�y�s�t�e�m� �B�E�R� �r�e�q�u�i�r�e�m�e�n�t�s�,� �t�e�r�m�i�n�a�l� 

�p�o�w�e�r� �o�u�t�p�u�t� �p�o�s�s�i�b�l�e�,� �a�n�d� �c�o�v�e�r�a�g�e� �a�r�e�a� �o�f� �e�a�c�h� �s�a�t�e�l�l�i�t�e� �a�n�d� �s�p�e�c�i�f�i�c� �b�e�a�m�s� 

�w�i�l�l� �b�e� �c�r�i�t�i�c�a�l� �t�o� �r�e�a�l�i�z�i�n�g� �t�h�i�s� �s�y�s�t�e�m� �p�r�o�f�i�t�a�b�l�y�.� 

�A�t�t�e�n�u�a�t�i�o�n�.� �A�t�t�e�n�u�a�t�i�o�n� �d�u�e� �t�o� �r�a�i�n� �a�n�d� �a�t�m�o�s�p�h�e�r�i�c� �e�f�f�e�c�t�s� �a�r�e� 

�s�i�g�n�i�f�i�c�a�n�t� �i�s�s�u�e�s� �o�f� �c�o�n�c�e�r�n� �f�o�r� �a�n�y� �p�o�t�e�n�t�i�a�l� �R�F� �s�y�s�t�e�m� �o�p�e�r�a�t�i�n�g� �a�b�o�v�e� 

�1�0� �G�h�z� �[�2�5�]�.� �F�o�r� �f�e�a�s�i�b�i�l�i�t�y� �p�u�r�p�o�s�e�s�,� �w�e� �w�i�l�l� �a�n�a�l�y�z�e� �t�h�e� �S�A�T�C�O�M� �a�t�t�e�n�u�a�t�i�o�n� 

�i�s�s�u�e� �w�h�i�c�h� �i�s� �t�h�e� �w�o�r�s�t� �c�a�s�e� �r�e�q�u�i�r�e�d� �a�p�p�r�o�a�c�h�.� �T�h�e� �t�o�t�a�l� �R�F� �p�a�t�h� �l�o�s�s� �i�s� �g�i�v�e�n� 
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�b�y� 
�L�a�t�h� �=� �9�2�.�4�5� �+� �2�0�I�0�g�F� �G�u�z�)� �+� �2�Z�0�I�O�G�D�a�m� �t�a�t�+�b�+�c�+�d�+�t�e� 

�w�h�e�r�e� 

�a�=� �w�a�t�e�r� �v�a�p�o�r� �a�t�t�e�n�u�a�t�i�o�n� 

�b�=� �m�i�s�t�/�f�o�g� �a�t�t�e�n�u�a�t�i�o�n� 

�c� �=� �Q�O�,� �a�t�t�e�n�u�a�t�i�o�n� �(�a�b�s�o�r�p�t�i�o�n�)� 

�d� �=� �O�t�h�e�r� �g�a�s�e�o�u�s� �a�t�t�e�n�u�a�t�i�o�n� 

�e� �=� �r�a�i�n�f�a�l�l� �a�t�t�e�n�u�a�t�i�o�n� 

�T�h�e� �p�a�r�a�m�e�t�e�r�s� �a� �t�h�r�o�u�g�h� �d� �a�r�e� �h�i�g�h�l�y� �v�a�r�i�a�b�l�e� �d�e�p�e�n�d�e�n�t� �o�n� �f�r�e�q�u�e�n�c�y�,� 

�g�e�o�g�r�a�p�h�i�c� �l�o�c�a�t�i�o�n�,� �t�i�m�e� �o�f� �y�e�a�r�,� �a�n�d� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e�r�e� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� 

�w�a�t�e�r� �v�a�p�o�r� �a�b�s�o�r�p�t�i�o�n� �b�a�n�d�s� �a�t� �2�2� �G�h�z� �a�n�d� �1�8�3� �G�h�z�.� �T�h�e�r�e� �a�r�e� �a�l�s�o� �t�w�o� 

�o�x�y�g�e�n� �a�b�s�o�r�p�t�i�o�n� �b�a�n�d�s� �a�t� �6�0� �G�h�z� �a�n�d� �1�1�9� �G�h�z� �w�h�i�c�h� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d�.� 

�T�o�t�a�l� �a�t�m�o�s�p�h�e�r�i�c� �a�t�t�e�n�u�a�t�i�o�n� �i�s� �a�l�s�o� �a� �f�u�n�c�t�i�o�n� �o�f� �p�a�t�h� �l�e�n�g�t�h� �t�h�r�o�u�g�h� �t�h�e� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �a�t�m�o�s�p�h�e�r�e� �t�h�a�t� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �W�e� �w�i�l�l� �a�s�s�u�m�e� �6� �k�m� �o�f� 

�a�t�m�o�s�p�h�e�r�e� �f�o�r� �O�2� �a�t�t�e�n�u�a�t�i�o�n� �a�n�d� �2� �k�m� �o�f� �a�t�m�o�s�p�h�e�r�e� �f�o�r� �w�a�t�e�r� �v�a�p�o�r� 

�a�t�t�e�n�u�a�t�i�o�n� �[� �2�8�]�.� �A�t�t�e�n�u�a�t�i�o�n� �d�u�e� �t�o� �m�i�s�t� �a�n�d� �f�o�g� �a�n�d� �o�t�h�e�r� �g�a�s�e�s� �(�p�a�r�a�m�e�t�e�r�s� 

�b� �a�n�d� �d�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�i�l�l� �b�e� �a�s�s�u�m�e�d� �t�o� �b�e� �n�e�g�l�i�g�i�b�l�e� �b�y� �c�o�m�p�a�r�i�s�o�n�.� 

�T�h�e� �s�p�e�c�i�f�i�c� �a�t�t�e�n�u�a�t�i�o�n� �d�u�e� �t�o� �r�a�i�n� �c�a�n� �b�e� �c�o�m�p�u�t�e�d� �t�h�r�o�u�g�h� �u�s�e� �o�f� �t�h�e� 

�C�r�a�n�e� �M�o�d�e�l� �[�2�5�,�2�8�]� �u�s�i�n�g� �t�h�e� �p�o�w�e�r�-�l�a�w� �r�e�l�a�t�i�o�n�s�h�i�p� 

�A�=�a�R�, �� 
�w�h�e�r�e� 

�A� �=� �s�p�e�c�i�f�i�c� �a�t�t�e�n�u�a�t�i�o�n� �(�d�B�/�k�m�)� 

�R�,� �=� �p�o�i�n�t� �r�a�i�n� �r�a�t�e� 

�T�h�e� �p�a�r�a�m�e�t�e�r�s� �a� �a�n�d� �b� �a�r�e� �b�o�t�h� �f�u�n�c�t�i�o�n�s� �o�f� �o�p�e�r�a�t�i�n�g� �f�r�e�q�u�e�n�c�y�.� �T�h�e� 

�r�a�i�n� �p�o�i�n�t� �r�a�t�e� �i�s� �c�h�o�s�e�n� �b�a�s�e�d� �u�p�o�n� �o�p�e�r�a�t�i�o�n�a�l� �a�r�e�a� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �y�e�a�r� 

�t�h�a�t� �a� �s�p�e�c�i�f�i�c� �r�a�i�n� �r�a�t�e� �i�s� �e�x�c�e�e�d�e�d�.� �B�e�c�a�u�s�e� �r�a�i�n� �a�t�t�e�n�u�a�t�i�o�n� �i�s� �e�x�p�e�c�t�e�d� �t�o� �b�e� 

�a� �m�a�j�o�r� �c�o�n�t�r�i�b�u�t�o�r� �t�o� �t�h�e� �l�o�w�e�r� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �a� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �S�A�T�C�O�M� 

�s�y�s�t�e�m�,� �w�e� �w�i�l�l� �a�n�a�l�y�z�e� �a�t�t�e�n�u�a�t�i�o�n� �f�o�r� �a� �r�a�i�n� �r�a�t�e� �o�f� �2�.�9� �m�m�/�h�r�,� �w�h�i�c�h� �i�s� 

�4�0



�e�x�c�e�e�d�e�d� �2�%� �o�f� �t�h�e� �y�e�a�r� �o�r� �1�7�5� �h�o�u�r�s�/�y�e�a�r� �(�i�.�e�.� �p�l�a�n� �2�%� �l�o�s�s� �i�n� �a�v�a�i�l�a�b�i�l�i�t�y� �d�u�e� 

�t�o� �r�a�i�n� �a�l�o�n�e�)�.� �T�h�e� �t�o�t�a�l� �a�t�t�e�n�u�a�t�i�o�n� �e�x�h�i�b�i�t�e�d� �a�t� �t�h�i�s� �m�e�a�n� �r�a�i�n� �r�a�t�e� �a�l�s�o� 

�d�e�p�e�n�d�s� �u�p�o�n� �t�h�e� �0�°� �i�s�o�t�h�e�r�m� �h�e�i�g�h�t� �(�w�h�i�c�h� �d�e�n�o�t�e�s� �t�h�e� �h�e�i�g�h�t� �a�t� �w�h�i�c�h� �w�a�t�e�r� 

�p�a�r�t�i�c�l�e�s� �b�e�c�o�m�e� �i�c�e� �a�n�d� �a�r�e� �n�o� �l�o�n�g�e�r� �a� �m�a�j�o�r� �a�t�t�e�n�u�a�t�i�o�n� �c�o�n�c�e�r�n�)� �a�n�d� �t�h�e� 

�h�e�i�g�h�t� �o�f� �t�h�e� �g�r�o�u�n�d� �t�e�r�m�i�n�a�l�.� �A�l�t�h�o�u�g�h� �t�h�e� �0�°� �i�s�o�t�h�e�r�m� �h�e�i�g�h�t� �c�a�n� �r�e�a�c�h� �a�b�o�v�e� 

�5� �k�m� �a�t� �t�h�e� �e�q�u�a�t�o�r�i�a�l� �r�e�g�i�o�n�s�,� �w�e� �w�i�l�l� �a�n�a�l�y�z�e� �a�n� �a�v�e�r�a�g�e� �i�s�o�t�h�e�r�m� �h�e�i�g�h�t� �o�f� 

�3�.�5� �k�m� �a�n�d� �a� �w�o�r�s�t� �c�a�s�e� �e�l�e�v�a�t�i�o�n� �a�n�g�l�e� �o�f� �1�5�°�.� 

�T�a�b�l�e� �8� �d�e�p�i�c�t�s� �t�h�e� �t�o�t�a�l� �l�o�s�s� �d�u�e� �t�o� �r�a�i�n� �a�n�d� �a�t�m�o�s�p�h�e�r�i�c� �a�t�t�e�n�u�a�t�i�o�n� �(�f�o�r� 

�9�8�%� �a�v�a�i�l�a�b�i�l�i�t�y�)� �o�v�e�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �f�r�e�q�u�e�n�c�y� �r�a�n�g�e�s� �o�f� �i�n�t�e�r�e�s�t� �a�t� 

�g�r�o�u�n�d� �l�e�v�e�l�.� �R�a�i�n� �a�n�d� �a�t�m�o�s�p�h�e�r�i�c� �l�o�s�s�e�s� �f�o�r� �t�h�e� �a�e�r�o�n�a�u�t�i�c�a�l� �t�e�r�m�i�n�a�l� �a�t� 

�c�r�u�i�s�i�n�g� �a�l�t�i�t�u�d�e� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �n�e�g�l�i�g�i�b�l�e� �i�n� �c�o�m�p�a�r�i�s�o�n� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �2� �d�B� �f�o�r� 

�b�u�d�g�e�t� �c�a�l�c�u�l�a�t�i�o�n� �p�u�r�p�o�s�e�s�)�.� �F�i�g�u�r�e� �4� �d�e�p�i�c�t�s� �t�h�e� �t�o�t�a�l� �p�a�t�h� �l�o�s�s� �(�i�n�c�l�u�d�i�n�g� �f�r�e�e� 

�s�p�a�c�e� �l�o�s�s�)� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �f�r�e�q�u�e�n�c�i�e�s� �o�f� �i�n�t�e�r�e�s�t� �o�v�e�r� �v�a�r�i�o�u�s� �o�r�b�i�t�a�l� 

�h�e�i�g�h�t�s�.� �T�h�i�s� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�a�t� �s�o�m�e� �o�f� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �l�o�s�s� �d�u�e� �t�o� �t�h�e� �r�a�i�n� �a�n�d� 

�a�t�m�o�s�p�h�e�r�i�c� �l�o�s�s� �a�t� �t�h�e�s�e� �E�H�F� �f�r�e�q�u�e�n�c�i�e�s� �m�a�y� �b�e� �g�a�i�n�e�d� �b�a�c�k� �b�y� �u�t�i�l�i�z�i�n�g� �L�o�w� 

�E�a�r�t�h� �O�r�b�i�t�i�n�g� �(�L�E�O�)� �s�a�t�e�l�l�i�t�e�s� �(�i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �c�u�r�r�e�n�t� �g�e�o�s�y�n�c�h�r�o�n�o�u�s� 

�s�a�t�e�l�l�i�t�e�s� �a�t� �C� �a�n�d� �K�u� �B�a�n�d�s�)�.� �I�t� �m�a�y� �b�e� �f�e�a�s�i�b�l�e� �t�o� �m�i�t�i�g�a�t�e� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �3�0� �d�B� 

�o�f� �l�o�s�s� �t�h�r�o�u�g�h� �p�o�w�e�r� �m�a�n�a�g�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�s�,� �a�d�d�i�t�i�o�n�a�l� �c�o�d�i�n�g� �g�a�i�n�s�,� �a�n�d�/�o�r� 

�b�y� �p�r�o�p�e�r�l�y� �s�p�e�c�i�f�y�i�n�g� �o�t�h�e�r� �d�e�s�i�g�n� �p�a�r�a�m�e�t�e�r�s�.� �T�h�i�s� �i�s�s�u�e� �w�i�l�l� �b�e� �f�u�r�t�h�e�r� 

�a�d�d�r�e�s�s�e�d�.� �M�a�r�k�e�t� �d�e�m�a�n�d�s� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �a�r�e� �e�s�t�i�m�a�t�e�d� �t�o� 

�o�u�t�w�e�i�g�h� �t�h�e� �p�o�t�e�n�t�i�a�l� �a�v�a�i�l�a�b�i�l�i�t�y� �r�e�s�t�r�i�c�t�i�o�n�s� �i�m�p�o�s�e�d� �b�y� �r�a�i�n� �a�n�d� �a�t�m�o�s�p�h�e�r�i�c� 

�a�t�t�e�n�u�a�t�i�o�n� �a�t� �t�h�e�s�e� �f�r�e�q�u�e�n�c�i�e�s�.� 

�E�c�o�n�o�m�i�c� �F�e�a�s�i�b�i�l�i�t�y�.� �I�n� �o�r�d�e�r� �t�o� �a�d�e�q�u�a�t�e�l�y� �a�s�s�e�s�s� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �e�c�o�n�o�m�i�c� �f�e�a�s�i�b�i�l�i�t�y�,� �a� �c�o�m�p�l�e�t�e� �L�i�f�e� �C�y�c�l�e� �C�o�s�t� �(�L�C�C�)� �a�n�a�l�y�s�i�s� �m�u�s�t� 

�b�e� �p�e�r�f�o�r�m�e�d� �b�a�s�e�d� �u�p�o�n� �e�s�t�i�m�a�t�e�s� �f�o�r� �a�l�l� �p�r�o�g�r�a�m� �c�o�s�t� �e�l�e�m�e�n�t�s�.� �M�a�j�o�r� �c�o�s�t� 

�d�r�i�v�e�r�s� �w�i�l�l� �b�e� �p�r�o�j�e�c�t�e�d� �l�a�u�n�c�h� �c�o�s�t�s� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�y�s�t�e�m� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� 

�s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �c�o�s�t�s�,� �i�n�c�l�u�d�i�n�g� �p�r�o�t�o�t�y�p�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �t�e�s�t�.� �M�a�r�k�e�t� 

�d�e�m�a�n�d� �w�i�l�l� �b�e� �d�r�i�v�e�n� �b�y� �t�h�e� �f�i�n�a�l� �t�e�r�m�i�n�a�l� �c�o�s�t�s� �a�n�d� �s�y�s�t�e�m� �u�t�i�l�i�z�a�t�i�o�n� �c�o�s�t�s� �t�o� 

�t�h�e� �u�s�e�r�.� �T�h�e�s�e� �c�o�s�t�s� �s�h�o�u�l�d� �b�e� �s�e�t� �f�o�r�t�h� �d�u�r�i�n�g� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n�,� �u�s�e�d� �a�s� 

�D�e�s�i�g�n�-�t�o�-�C�o�s�t� �(�D�T�C�)� �p�a�r�a�m�e�t�e�r�s�,� �a�n�d� �c�o�n�t�i�n�u�a�l�l�y� �a�s�s�e�s�s�e�d� �a�t� �k�e�y� �p�r�o�g�r�a�m� 

�r�e�v�i�e�w�s� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �s�y�s�t�e�m� �R�O�I�.� �A�L�C�C� �b�r�e�a�k�d�o�w�n� �s�t�r�u�c�t�u�r�e� �a�n�d� �a�n�a�l�y�s�i�s� 

�a�r�e� �p�r�o�v�i�d�e�d� �l�a�t�e�r�,� �a�s� �w�e�l�l� �a�s� �t�a�r�g�e�t� �D�T�C� �t�e�r�m�i�n�a�l� �a�n�d� �s�a�t�e�l�l�i�t�e� �c�o�s�t�s�.� 
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�S�e�v�e�r�a�l� �e�x�t�e�r�n�a�l� �f�a�c�t�o�r�s� �c�a�n� �b�e� �u�s�e�d� �a�s� �g�a�u�g�e�s� �f�o�r� �t�h�e� �p�o�t�e�n�t�i�a�l� 

�p�r�o�f�i�t�a�b�i�l�i�t�y� �a�n�d� �u�l�t�i�m�a�t�e� �e�c�o�n�o�m�i�c� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�,� 

�i�n�c�l�u�d�i�n�g�:� 

�e� �I�R�I�D�I�U�M� �s�y�s�t�e�m� �p�r�o�f�i�t�a�b�i�l�i�t�y� 

�e� �F�T�T�H� �p�r�o�l�i�f�e�r�a�t�i�o�n�/�u�s�a�g�e� �c�o�s�t�s� 

�e� �T�e�l�e�d�e�s�i�c� �s�y�s�t�e�m� �r�e�a�l�i�z�a�t�i�o�n�/�c�o�s�t�s� 

�T�h�e� �I�R�I�D�I�U�M� �m�o�b�i�l�e� �S�A�T�C�O�M� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �a�n�a�l�y�z�e�d� �a�n�d� �u�s�e�d� �a�s� �a� 

�m�o�d�e�l� �i�n� �a�s�s�e�s�s�i�n�g� �e�c�o�n�o�m�i�c� �f�e�a�s�i�b�i�l�i�t�y� �a�n�d� �R�O�I� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�s�y�s�t�e�m�.� �T�o�t�a�l� �I�R�I�D�I�U�M� �i�n�v�e�s�t�m�e�n�t� �w�i�l�l� �a�p�p�r�o�a�c�h� �$�3� �b�i�l�l�i�o�n� �d�o�l�l�a�r�s� �b�y� �s�y�s�t�e�m� 

�d�e�p�l�o�y�m�e�n�t�,� �w�h�i�c�h� �s�h�o�u�l�d� �o�c�c�u�r� �p�r�i�o�r� �t�o� �c�o�m�m�i�t�t�i�n�g� �f�i�n�a�n�c�e�s� �f�o�r� �f�u�l�l� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �d�e�s�i�g�n�.� �T�h�e� �s�u�c�c�e�s�s� �o�r� �f�a�i�l�u�r�e� �o�f� �I�R�I�D�I�U�M� �c�o�u�p�l�e�d� �w�i�t�h� �t�h�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �r�a�t�e� �o�f� �h�i�g�h� �d�a�t�a� �r�a�t�e� �s�e�r�v�i�c�e�s� �t�o� �t�h�e� �h�o�m�e� �(�v�i�a� �F�T�T�H�)� �c�a�n� �b�e� 

�u�s�e�d� �a�s� �m�a�r�k�e�t� �g�a�u�g�e�s� �f�o�r� �t�h�e� �a�s�s�e�s�s�m�e�n�t� �o�f� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �m�a�r�k�e�t�a�b�i�l�i�t�y� 

�a�n�d� �R�O�I�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �T�e�l�e�d�e�s�i�c� �s�y�s�t�e�m� �r�e�c�e�n�t�i�y� �p�r�o�p�o�s�e�d� �i�s� �a�n�o�t�h�e�r� �l�a�r�g�e� 

�s�c�a�l�e�,� �g�l�o�b�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �n�o�t� �o�n�l�y� �a�s� �a�n� �R�O�I� 

�g�a�u�g�e�,� �b�u�t� �w�i�l�l� �a�l�s�o� �g�r�e�a�t�l�y� �e�n�h�a�n�c�e� �t�h�e� �g�l�o�b�a�l� �b�r�o�a�d�b�a�n�d� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �f�o�r� �f�i�x�e�d� 

�u�s�e�r�s� �a�n�d� �p�o�t�e�n�t�i�a�l�l�y� �a�c�c�e�l�e�r�a�t�e� �t�h�e� �d�e�m�a�n�d� �f�o�r� �a� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�.� 

�B�o�t�h� �I�R�I�D�I�U�M� �a�n�d� �T�e�l�e�d�e�s�i�c� �w�i�l�l� �a�l�s�o� �e�s�t�a�b�l�i�s�h� �i�m�p�r�o�v�e�d� �p�r�o�c�e�s�s�e�s� �f�o�r� �t�h�e� 

 ��m�a�s�s �� �p�r�o�d�u�c�t�i�o�n� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�a�t�e�l�l�i�t�e�s� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �e�l�e�c�t�r�o�n�i�c� �a�n�d� 

�d�i�g�i�t�a�l� �c�o�m�p�o�n�e�n�t�s�.� 

�B�a�s�e�d� �u�p�o�n� �t�h�e� �c�u�r�r�e�n�t� �a�n�d� �p�r�o�j�e�c�t�e�d� �d�e�m�a�n�d� �f�o�r� �i�o�w� �d�a�t�a� �r�a�t�e� �m�o�b�i�l�e� 

�a�n�d� �h�i�g�h� �d�a�t�a� �r�a�t�e� �f�i�x�e�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �c�o�n�t�i�n�u�e�d� �r�e�d�u�c�t�i�o�n� �i�n� 

�m�i�c�r�o�e�l�e�c�t�r�o�n�i�c�s� �c�o�s�t�s�,� �a�n�d� �p�r�o�j�e�c�t�e�d� �t�e�c�h�n�o�l�o�g�y� �i�m�p�r�o�v�e�m�e�n�t�s�,� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �i�s� �p�r�o�j�e�c�t�e�d� �t�o� �b�e� �e�c�o�n�o�m�i�c�a�l�l�y� �v�i�a�b�l�e� �i�f� �p�r�o�p�e�r�l�y� �d�e�v�e�l�o�p�e�d� 

�t�h�r�o�u�g�h� �a� �s�y�s�t�e�m� �a�p�p�r�o�a�c�h�.� �T�h�i�s� �c�o�n�c�l�u�s�i�o�n� �w�i�l�l� �b�e� �r�e�a�s�s�e�s�s�e�d� �a�f�t�e�r� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �L�C�C� �a�n�a�l�y�s�i�s�.� 

�T�e�c�h�n�o�l�o�g�y� �A�s�s�e�s�s�m�e�n�t� �-� �T�e�c�h�n�o�l�o�g�y� �a�r�e�a�s� �s�h�o�u�l�d� �b�e� �a�s�s�e�s�s�e�d� �f�o�r� 

�a�p�p�l�i�c�a�b�i�l�i�t�y� �t�o� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �e�a�r�l�y� �i�n� �s�y�s�t�e�m� �d�e�s�i�g�n� �t�o� �c�o�n�s�i�d�e�r� 

�t�h�e� �f�u�l�l� �r�a�n�g�e� �o�f� �s�y�s�t�e�m� �s�o�l�u�t�i�o�n�s�.� �A�r�e�a�s� �i�d�e�n�t�i�f�i�e�d� �f�o�r� �f�e�a�s�i�b�i�l�i�t�y� �a�n�a�l�y�s�i�s� �i�n�c�l�u�d�e� 

�t�h�e� �f�o�l�l�o�w�i�n�g�:� 
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�1�.� �A�r�t�i�f�i�c�i�a�l� �I�n�t�e�l�l�i�g�e�n�c�e�/�N�e�u�r�a�l� �N�e�t�w�o�r�k� �t�e�c�h�n�o�l�o�g�y� 

�B�r�o�a�d�b�a�n�d� �P�a�c�k�e�t� �S�w�i�t�c�h�i�n�g� �t�e�c�h�n�o�l�o�g�y� 

�A�d�v�a�n�c�e�d� �A�n�t�e�n�n�a� �t�e�c�h�n�o�l�o�g�y� 
�£�-�

&� 
�o�O� 

�N
� 

�A�d�v�a�n�c�e�d� �M�i�c�r�o�w�a�v�e� �t�e�c�h�n�o�l�o�g�y� 

�E�a�c�h� �o�f� �t�h�e�s�e� �a�r�e�a�s� �i�s� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w� �f�o�r� �a�p�p�l�i�c�a�b�i�l�i�t�y� �t�o� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m� �i�n�c�l�u�d�i�n�g� �a� �p�r�o�j�e�c�t�i�o�n� �i�n�t�o� �t�h�e� �f�u�t�u�r�e� �a�t� �t�h�e� 

�r�e�q�u�i�r�e�d� �t�i�m�e� �i�n� �t�h�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �c�y�c�l�e�.� �P�o�t�e�n�t�i�a�l� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e�s�e� 

�t�e�c�h�n�o�l�o�g�i�e�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �9�.� �T�h�e�s�e� �a�n�d� �o�t�h�e�r� �t�e�c�h�n�o�l�o�g�y� �a�r�e�a�s� �w�i�l�l� 

�b�e� �d�i�s�c�u�s�s�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�i�s� �r�e�p�o�r�t� �w�i�t�h� �t�e�c�h�n�o�l�o�g�y� �r�e�q�u�i�r�e�m�e�n�t�s� �i�d�e�n�t�i�f�i�e�d� 

�w�h�e�r�e� �p�o�s�s�i�b�l�e�.� �A�r�e�a�s� �f�o�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�i�l�l� �b�e� �s�u�m�m�a�r�i�z�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�i�s� 

�h�i�g�h�-�l�e�v�e�l� �d�e�s�i�g�n�.� 

�A�r�t�i�f�i�c�i�a�l� �I�n�t�e�l�l�i�g�e�n�c�e�/�N�e�u�r�a�l� �N�e�t�w�o�r�k� �T�e�c�h�n�o�l�o�g�y�.� �A�r�t�i�f�i�c�i�a�l� 

�i�n�t�e�l�l�i�g�e�n�c�e� �r�e�f�e�r�s� �t�o� �s�y�s�t�e�m�s� �w�h�i�c�h� �u�t�i�l�i�z�e� �l�e�a�r�n�i�n�g� �p�r�o�c�e�s�s�e�s� �t�o� �a�d�a�p�t� �t�h�e�i�r� 

�b�e�h�a�v�i�o�r� �m�u�c�h� �l�i�k�e� �h�u�m�a�n� �i�n�t�e�l�l�i�g�e�n�c�e�.� �N�e�u�r�a�l� �n�e�t�w�o�r�k�s� �a�r�e� �b�a�s�e�d� �u�p�o�n� 

�a�l�g�o�r�i�t�h�m�s� �w�h�i�c�h� �m�o�d�e�l� �t�h�e� �b�r�a�i�n� �w�h�e�r�e�b�y� �a� �p�r�o�c�e�s�s�o�r�  ��l�e�a�r�n�s �� �f�r�o�m� �d�a�t�a� �i�n�p�u�t�s� 

�[�3�0�]�.� �N�e�u�r�a�l� �n�e�t�w�o�r�k�s� �c�a�n� �p�r�o�v�i�d�e� �(�a�f�t�e�r� �l�e�a�r�n�i�n�g�/�t�r�a�i�n�i�n�g�)� �a� �d�e�g�r�e�e� �o�f� �f�a�u�l�t� 

�t�o�l�e�r�a�n�c�e� �t�o� �d�a�t�a� �p�r�o�c�e�s�s�i�n�g� �f�u�n�c�t�i�o�n�s� �w�h�i�c�h� �h�a�v�e� �i�n�c�o�m�p�l�e�t�e� �o�r� �i�m�p�e�r�f�e�c�t� �d�a�t�a�.� 

�E�x�p�e�r�t� �n�e�t�w�o�r�k�s� �i�n�c�o�r�p�o�r�a�t�e� �t�h�e� �k�n�o�w�l�e�d�g�e� �b�a�s�e� �o�f� �h�u�m�a�n� �e�x�p�e�r�t�s� �w�i�t�h� �n�e�u�r�a�l� 

�n�e�t�w�o�r�k� �t�e�c�h�n�o�l�o�g�y� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� �w�h�i�c�h� �n�e�i�t�h�e�r� �c�o�u�l�d� �s�o�l�v�e� �o�n� �t�h�e�i�r� �o�w�n�.� 

�P�a�t�t�e�r�n� �r�e�c�o�g�n�i�t�i�o�n� �i�s� �c�u�r�r�e�n�t�l�y� �t�h�e� �m�o�s�t� �w�i�d�e�s�p�r�e�a�d� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �n�e�u�r�a�l� 

�n�e�t�w�o�r�k�s� �i�n� �u�s�e� �(�f�o�r� �O�p�t�i�c�a�l� �C�h�a�r�a�c�t�e�r� �R�e�a�d�e�r�s� �(�O�C�R�s�)�)� �w�i�t�h� �p�o�t�e�n�t�i�a�l� 

�a�p�p�l�i�c�a�t�i�o�n�s� �f�o�r� �d�a�t�a� �c�o�m�p�r�e�s�s�i�o�n�.� �A�n�o�t�h�e�r� �b�r�a�n�c�h� �o�f� �n�e�u�r�a�l� �n�e�t�w�o�r�k� 

�a�p�p�l�i�c�a�t�i�o�n�s� �i�s� �f�u�n�c�t�i�o�n� �e�s�t�i�m�a�t�i�o�n�,� �w�h�e�r�e�b�y� �t�h�e� �n�e�t�w�o�r�k� �i�s� �u�s�e�d� �a�s� �a� �m�o�d�e�l� �f�o�r� 

�t�h�e� �s�y�s�t�e�m� �a�n�d� �u�t�i�l�i�z�e�s� �i�t�s� �a�d�a�p�t�i�v�e�,� �n�o�n�l�i�n�e�a�r�,� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �t�o� 

�p�r�e�d�i�c�t� �f�u�t�u�r�e� �s�y�s�t�e�m� �s�t�a�t�e�s�.� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�i�s� �n�e�u�r�a�l� �n�e�t�w�o�r�k� �a�r�e�a� �i�n�c�l�u�d�e� 

�s�y�s�t�e�m� �c�o�n�t�r�o�l� �a�n�d� �o�p�t�i�m�i�z�a�t�i�o�n� �f�o�r� �n�o�i�s�e� �c�a�n�c�e�l�l�a�t�i�o�n�,� �w�e�a�t�h�e�r� �p�r�e�d�i�c�t�i�o�n�,� �a�n�d� 

�a�d�a�p�t�i�v�e� �p�o�w�e�r� �c�o�n�t�r�o�l� �[�3�1�]�.� �O�n�e� �o�f� �t�h�e� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� 

�n�e�u�r�a�l� �n�e�t�w�o�r�k�s� �h�a�s� �b�e�e�n� �t�h�e� �a�m�o�u�n�t� �o�f� �p�r�o�c�e�s�s�i�n�g� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �r�u�n� �t�h�e� 

�a�l�g�o�r�i�t�h�m�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �d�u�r�i�n�g� �t�h�e� �t�r�a�i�n�i�n�g� �c�y�c�l�e�.� �T�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �p�a�r�a�l�l�e�l� 
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�c�o�m�p�u�t�i�n�g� �h�a�r�d�w�a�r�e� �h�a�s� �r�e�c�e�n�t�l�y� �r�e�d�u�c�e�d� �t�h�i�s� �p�r�o�b�l�e�m� �a�n�d� �h�a�s� �s�p�e�d� �t�h�e� �u�s�e� �o�f� 

�n�e�u�r�a�l� �n�e�t�w�o�r�k�s� �f�o�r� �s�p�e�c�i�f�i�c� �a�p�p�l�i�c�a�t�i�o�n�s�.� �A�l�s�o�,� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �f�u�z�z�y� �l�o�g�i�c� 

�p�r�i�n�c�i�p�l�e�s� �i�n� �n�e�u�r�a�l� �n�e�t�w�o�r�k�s� �p�r�o�v�i�d�e�s� �m�o�r�e� �u�s�e�r� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �a�d�d�s� �r�o�b�u�s�t�n�e�s�s� 

�t�o� �t�h�e� �s�y�s�t�e�m� �b�y� �d�e�f�i�n�i�n�g� �t�h�e� �s�y�s�t�e�m� �b�o�u�n�d�a�r�i�e�s� �m�o�r�e� �l�o�o�s�e�l�y�.� 

�P�o�t�e�n�t�i�a�l� �n�e�u�r�a�l� �n�e�t�w�o�r�k� �a�p�p�l�i�c�a�t�i�o�n�s� �i�d�e�n�t�i�f�i�e�d� �f�o�r� �a� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �9� �a�n�d� �c�o�v�e�r� �a� �w�i�d�e� �s�p�e�c�t�r�u�m� �o�f� �t�h�e� 

�s�y�s�t�e�m� �d�e�s�i�g�n� �f�r�o�m� �n�e�t�w�o�r�k� �c�o�n�t�r�o�l� �t�o� �a�n�t�e�n�n�a� �a�n�d� �r�e�c�e�i�v�e�r� �d�e�s�i�g�n�.� �T�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �o�f� �n�e�u�r�a�l� �n�e�t�w�o�r�k� �t�e�c�h�n�o�l�o�g�y� �t�o� �s�y�s�t�e�m� �d�e�s�i�g�n� �m�a�y� �b�e� �e�s�s�e�n�t�i�a�l� �i�n� 

�t�h�e�s�e� �a�r�e�a�s� �t�o� �r�e�a�l�i�z�e� �t�h�e� �r�e�q�u�i�r�e�d� �s�y�s�t�e�m� �(�e�.�g�.�,� �t�o� �e�f�f�i�c�i�e�n�t�l�y� �r�o�u�t�e� �d�a�t�a� �p�a�c�k�e�t�s� 

�w�i�t�h�i�n� �r�e�q�u�i�r�e�d� �t�i�m�e� �l�i�m�i�t�s�)� �a�n�d� �t�o� �p�r�o�f�i�t�a�b�l�y� �i�m�p�l�e�m�e�n�t� �i�t�.� �N�e�u�r�a�l� �n�e�t�w�o�r�k� 

�t�e�c�h�n�o�l�o�g�y� �i�s� �p�r�o�j�e�c�t�e�d� �t�o� �b�e� �i�n� �w�i�d�e�s�p�r�e�a�d� �u�s�e� �b�y� �t�h�e� �t�i�m�e� �o�f� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �d�e�s�i�g�n�.� 

�B�r�o�a�d�b�a�n�d� �P�a�c�k�e�t� �S�w�i�t�c�h�i�n�g� �T�e�c�h�n�o�l�o�g�y�.� �B�r�o�a�d�b�a�n�d� �p�a�c�k�e�t� 

�s�w�i�t�c�h�i�n�g� �t�e�c�h�n�o�l�o�g�y� �h�a�s� �m�a�t�u�r�e�d� �g�r�e�a�t�l�y� �o�v�e�r� �t�h�e� �l�a�s�t� �f�i�v�e� �y�e�a�r�s� �t�h�r�o�u�g�h� �t�h�e� 

�s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �a�n�d� �g�r�o�w�i�n�g� �d�e�m�a�n�d� �f�o�r� �A�T�M� �s�y�s�t�e�m�s�.� �A�T�M� �p�r�o�d�u�c�t�s� �a�r�e� �n�o�w� 

�b�e�c�o�m�i�n�g� �a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� �m�a�r�k�e�t� �w�h�i�c�h� �p�r�o�v�i�d�e� �A�T�M� �s�w�i�t�c�h�i�n�g� �c�a�p�a�b�i�l�i�t�y� �a�t� 

�S�T�S�-�3� �r�a�t�e�s� �o�f� �1�5�5� �M�b�p�s� �u�p� �t�o� �r�a�t�e�s� �o�f� �2� �G�b�p�s�.� �T�h�i�s� �t�e�c�h�n�o�l�o�g�y� �i�s� �c�u�r�r�e�n�t�l�y� 

�b�e�i�n�g� �e�x�t�e�n�d�e�d� �t�o� �h�a�n�d�l�e� �r�a�t�e�s� �a�s� �h�i�g�h� �a�s� �1�0� �G�b�p�s� �f�o�r� �t�h�e� �b�r�o�a�d�b�a�n�d� �s�w�i�t�c�h�i�n�g� 

�o�f� �f�i�b�e�r� �o�p�t�i�c� �t�r�u�n�k�s�.� �I�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �b�y� �t�h�e� �t�u�r�n� �o�f� �t�h�e� �c�e�n�t�u�r�y�,� �A�T�M� �s�y�s�t�e�m�s� 

�a�t� �1�5�5� �M�b�p�s� �w�i�l�l� �b�e� �i�n� �w�i�d�e� �s�p�r�e�a�d� �u�s�e� �a�n�d� �t�h�a�t� �1�0� �G�b�p�s� �s�y�s�t�e�m�s� �w�i�l�l� �b�e� �i�n� �t�h�e� 

�i�n�i�t�i�a�l� �o�p�e�r�a�t�i�o�n� �p�h�a�s�e�s� �[�3�2�]�.� �F�u�r�t�h�e�r� �a�d�v�a�n�c�e�s� �i�n� �I�C� �m�a�n�u�f�a�c�t�u�r�i�n�g� �w�i�l�l� �c�o�n�t�i�n�u�e� 

�t�o� �l�o�w�e�r� �t�h�e� �c�o�s�t� �a�n�d� �r�a�i�s�e� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e�s�e� �p�r�o�d�u�c�t�s� �p�r�i�o�r� �t�o� �t�h�e� �n�e�e�d� �f�o�r� �a� 

�m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�.� 

�A�d�v�a�n�c�e�d� �A�n�t�e�n�n�a� �T�e�c�h�n�o�l�o�g�y�.� �M�u�l�t�i�b�e�a�m� �a�n�t�e�n�n�a�s� �h�a�v�e� 

�d�o�m�i�n�a�t�e�d� �t�h�e� �a�r�e�a� �o�f� �a�d�v�a�n�c�e�d� �s�a�t�e�l�l�i�t�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�t�e�n�n�a� �t�e�c�h�n�o�l�o�g�y� �f�o�r� 

�s�e�v�e�r�a�l� �y�e�a�r�s�.� �M�u�l�t�i�b�e�a�m� �a�n�t�e�n�n�a� �t�e�c�h�n�o�l�o�g�y� �c�o�n�t�i�n�u�e�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� 

�C�a�p�a�c�i�t�y� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�a�t�e�l�l�i�t�e�s� �a�n�d� �i�n�c�r�e�a�s�e� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �i�n� �c�o�v�e�r�a�g�e� 

�a�r�e�a�s� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �B�e�a�m� �F�o�r�m�i�n�g� �N�e�t�w�o�r�k�s� �(�B�F�N�s�)� �[�3�3�]�.� �M�u�l�t�i�-�b�e�a�m� 

�a�n�t�e�n�n�a�s� �e�n�a�b�i�e� �f�r�e�q�u�e�n�c�y� �r�e�u�s�e� �t�h�r�o�u�g�h� �s�p�a�t�i�a�l� �a�n�d� �p�o�l�a�r�i�z�a�t�i�o�n� �i�s�o�l�a�t�i�o�n� �a�s� 

�w�e�l�l� �a�s� �p�r�o�v�i�d�e� �s�c�a�n�n�i�n�g�,� �h�o�p�p�i�n�g�,� �o�r� �r�e�c�o�n�f�i�g�u�r�a�b�l�e� �s�h�a�p�e�d� �b�e�a�m�s� �f�o�r� �a�d�d�e�d� 

�a�d�a�p�t�a�b�i�l�i�t�y�.� 
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�T�h�e� �d�e�m�a�n�d� �f�o�r� �l�i�g�h�t� �w�e�i�g�h�t� �a�n�t�e�n�n�a� �s�y�s�t�e�m�s� �h�a�s� �a�l�s�o� �d�r�i�v�e�n� �t�h�e� �n�e�e�d� �f�o�r� 

�p�r�i�n�t�e�d� �c�i�r�c�u�i�t� �p�a�t�c�h� �r�a�d�i�a�t�o�r�s� �m�a�d�e� �p�o�s�s�i�b�l�e� �b�y� �c�o�n�t�i�n�u�e�d� �a�d�v�a�n�c�e�s� �i�n� �G�a�A�s� 

�M�o�n�o�l�i�t�h�i�c� �M�i�c�r�o�w�a�v�e� �I�n�t�e�g�r�a�t�e�d� �C�i�r�c�u�i�t�r�y� �(�M�M�I�C�)�.� �M�M�I�C� �t�e�c�h�n�o�l�o�g�y� �h�a�s� �a�l�s�o� 

�i�n�c�r�e�a�s�e�d� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �a�c�t�i�v�e� �p�h�a�s�e�d� �a�r�r�a�y�s� �a�s� �m�u�l�t�i�-�b�e�a�m� �a�n�t�e�n�n�a�s� 

�o�r� �f�e�e�d�s� �t�o� �r�e�f�l�e�c�t�o�r�s� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�a�t�e�l�l�i�t�e�s� �[�3�4�]�.� �T�h�i�s� �t�e�c�h�n�o�l�o�g�y� �h�a�s� 

�b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �a�n�d� �i�s� �c�u�r�r�e�n�t�l�y� �i�n� �u�s�e� �a�t� �f�r�e�q�u�e�n�c�i�e�s� �o�f� �3�0� �G�h�z� �a�n�d� �h�i�g�h�e�r� 

�o�n� �t�h�e� �N�A�S�A� �A�C�T�S� �s�a�t�e�l�l�i�t�e� �a�n�d� �t�h�e� �D�o�D� �M�i�l�s�t�a�r� �s�a�t�e�l�l�i�t�e�.� 

�A�d�v�a�n�c�e�d� �M�i�c�r�o�w�a�v�e� �T�e�c�h�n�o�l�o�g�y�.� �M�i�c�r�o�w�a�v�e� �t�e�c�h�n�o�l�o�g�y� �h�a�s� 

�i�m�p�r�o�v�e�d� �g�r�e�a�t�l�y� �o�v�e�r� �t�h�e� �p�a�s�t� �t�e�n� �y�e�a�r�s� �d�r�i�v�e�n� �b�y� �t�h�e� �d�e�m�a�n�d� �f�o�r� �s�m�a�l�l� 

�l�i�g�h�t�w�e�i�g�h�t� �c�e�l�l�u�l�a�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m�s� �a�n�d� �t�h�e� �c�o�n�t�i�n�u�e�d� �u�s�e� �o�f� �h�i�g�h�e�r� 

�f�r�e�q�u�e�n�c�i�e�s� �f�o�r� �c�e�l�l�u�l�a�r�,� �s�a�t�e�l�l�i�t�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �a�n�d� �r�a�d�a�r� �t�e�c�h�n�o�l�o�g�i�e�s�.� 

�M�M�I�C� �t�e�c�h�n�o�l�o�g�y� �i�s� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �u�t�i�l�i�z�e�d� �f�o�r� �a�d�v�a�n�c�e�d� �a�n�t�e�n�n�a� �s�y�s�t�e�m�s� 

�d�i�s�c�u�s�s�e�d� �a�b�o�v�e� �a�s� �w�e�l�l� �a�s� �i�n� �o�t�h�e�r� �s�u�b�s�y�s�t�e�m�s� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�n�d� �r�a�d�a�r� 

�e�q�u�i�p�m�e�n�t�.� �S�i�g�n�i�f�i�c�a�n�t� �w�o�r�k� �h�a�s� �a�l�r�e�a�d�y� �b�e�e�n� �a�c�c�o�m�p�l�i�s�h�e�d� �i�n� �t�h�e� �I�C� �a�r�e�a� �f�o�r� 

�w�-�b�a�n�d� �f�r�e�q�u�e�n�c�i�e�s�.� �L�o�w� �l�o�s�s� �m�i�l�l�i�m�e�t�e�r� �w�a�v�e� �c�i�r�c�u�i�t�s� �f�r�o�m� �C�W� �I�M�P�A�T�T� �d�i�o�d�e�s� 

�f�o�r� �8�0�-�9�6� �G�h�z� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �w�h�i�c�h� �d�e�m�o�n�s�t�r�a�t�e�d� �C�W� �p�o�w�e�r� �o�f� �5�0�0� �m�W�.� 

�H�i�g�h� �e�f�f�i�c�i�e�n�c�y� �p�o�w�e�r� �a�m�p�s� �u�s�i�n�g� �0�.�1�5� �u�m� �I�n�P�-�b�a�s�e�d� �H�E�M�T� �M�M�I�C� �t�e�c�h�n�o�l�o�g�y� 

�h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �3�3�%� �e�f�f�i�c�i�e�n�c�y�.� �A� �b�a�l�a�n�c�e�d� �a�m�p�l�i�f�i�e�r� �c�o�v�e�r�i�n�g� �t�h�e� �e�n�t�i�r�e� 

�7�5�-�1�1�0� �G�H�z� �b�a�n�d� �h�a�s� �b�e�e�n� �t�e�s�t�e�d� �a�t� �2�3� �d�B� �g�a�i�n� �w�i�t�h� �a� �N�o�i�s�e� �F�i�g�u�r�e� �(�N�F�)� �o�f� 

�6� �d�B�.� �A�l�s�o�,� �f�r�o�m� �a� �p�o�w�e�r� �p�e�r�s�p�e�c�t�i�v�e�,� �S�S�P�A� �d�e�v�i�c�e�s� �i�n�c�o�r�p�o�r�a�t�i�n�g� �p�o�w�e�r� 

�c�o�m�b�i�n�i�n�g� �a�r�e� �e�x�p�e�c�t�e�d� �b�y� �t�h�e� �e�n�d� �o�f� �t�h�e� �d�e�c�a�d�e� �t�h�a�t� �w�o�u�l�d� �p�r�o�v�i�d�e� �2�0� �W� �a�t� 

�K�u� �b�a�n�d�.� 

�O�p�e�r�a�t�i�o�n�a�l� �R�e�q�u�i�r�e�m�e�n�t�s� 

�O�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �w�i�l�l� �b�e� �f�u�l�l�y� 

�d�e�f�i�n�e�d� �b�e�f�o�r�e� �e�x�a�m�i�n�i�n�g� �d�e�s�i�g�n� �a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �e�n�s�u�r�e� �t�h�a�t� �s�y�s�t�e�m� �o�b�j�e�c�t�i�v�e�s� 

�a�r�e� �m�e�t� �a�n�d� �t�h�a�t� �m�a�r�k�e�t� �n�e�e�d�s� �a�r�e� �a�d�d�r�e�s�s�e�d�.� �T�h�e� �o�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� 

�m�u�s�t� �e�m�b�o�d�y� �t�h�e� �m�u�l�t�i�m�e�d�i�a� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d� �a�n�d� �s�a�t�i�s�f�y� 

�t�h�e� �i�d�e�n�t�i�f�i�e�d� �d�e�f�i�c�i�e�n�c�y�.� �I�n� �d�e�f�i�n�i�n�g� �o�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s�,� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�a�r�e�a�s� �m�u�s�t� �b�e� �a�d�d�r�e�s�s�e�d�:� �s�y�s�t�e�m� �m�i�s�s�i�o�n�,� �p�e�r�f�o�r�m�a�n�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� �p�h�y�s�i�c�a�l� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �u�t�i�l�i�z�a�t�i�o�n�,� �d�e�p�l�o�y�m�e�n�t�,� �l�i�f�e� �c�y�c�l�e�,� �e�f�f�e�c�t�i�v�e�n�e�s�s�,� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�.� 
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�M�i�s�s�i�o�n� �D�e�f�i�n�i�t�i�o�n� �-� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �m�u�s�t� �s�u�p�p�o�r�t� �t�h�e� 

�c�o�m�m�e�r�c�i�a�l�,� �g�o�v�e�r�n�m�e�n�t�,� �a�n�d� �p�r�i�v�a�t�e� �b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �m�i�s�s�i�o�n�s� �o�f� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �p�l�a�t�f�o�r�m�s�:� 

�1�)� �A�e�r�o�n�a�u�t�i�c�a�l� �M�o�b�i�l�e� �(�l�a�r�g�e� �&� �s�m�a�l�l�)� 

�2�)� �M�a�r�i�t�i�m�e� �M�o�b�i�l�e� �(�l�a�r�g�e� �&� �s�m�a�l�l�)� 

�3�)� �L�a�n�d� �M�o�b�i�l�e� �(�l�a�r�g�e� �&� �s�m�a�l�l�)� 

�4�)� �F�i�x�e�d� �(�r�e�m�o�t�e� �u�s�e�r� �o�r� �h�u�b�)� 

�5�)� �P�o�r�t�a�b�l�e� 

�A�e�r�o�n�a�u�t�i�c�a�l� �M�o�b�i�l�e�.� �T�h�e� �l�a�r�g�e� �a�e�r�o�n�a�u�t�i�c�a�l� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m�s� 

�m�i�s�s�i�o�n� �w�i�l�l� �p�r�i�m�a�r�i�l�y� �s�u�p�p�o�r�t� �c�o�m�m�e�r�c�i�a�l� �a�i�r�l�i�n�e� �f�l�i�g�h�t�s�.� �T�h�e� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n� 

�i�n�c�l�u�d�e�s� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �s�t�a�g�e�s� �i�n�c�l�u�d�i�n�g� �t�a�x�i�,� �t�a�k�e�o�f�f�,� �a�s�c�e�n�t�,� �c�r�u�i�s�e�,� �d�e�s�c�e�n�t�,� 

�a�n�d� �l�a�n�d�i�n�g�.� �T�o�t�a�l� �m�i�s�s�i�o�n� �t�i�m�e� �w�i�l�l� �r�a�n�g�e� �f�r�o�m� �4�5� �m�i�n�u�t�e�s� �t�o� �1�0� �h�o�u�r�s� �a�n�d� �a� 

�s�p�e�c�i�f�i�c� �p�l�a�t�f�o�r�m� �w�i�l�l� �a�c�c�o�m�p�l�i�s�h� �b�e�t�w�e�e�n� �o�n�e� �a�n�d� �f�i�v�e� �m�i�s�s�i�o�n�s� �a� �d�a�y�.� �T�h�e� 

�l�a�r�g�e� �a�e�r�o�n�a�u�t�i�c�a�l� �p�l�a�t�f�o�r�m�s� �w�i�l�l� �r�o�l�l� �u�p� �t�o� �3�0� �d�e�g�r�e�e�s� �t�y�p�i�c�a�l�l�y� �d�u�r�i�n�g� �t�h�e� �a�s�c�e�n�t� 

�a�n�d� �d�e�s�c�e�n�t� �s�t�a�g�e�s� �o�f� �t�h�e� �m�i�s�s�i�o�n�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �w�i�l�l� �b�e� 

�r�e�q�u�i�r�e�d� �t�o� �s�u�p�p�o�r�t� �m�u�l�t�i�p�l�e� �s�i�m�u�l�t�a�n�e�o�u�s� �b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �c�h�a�n�n�e�l�s� 

�a�t� �c�r�u�i�s�i�n�g� �a�l�t�i�t�u�d�e�s� �o�f� �>�2�7�,�0�0�0� �f�t�.� �S�o�m�e� �r�e�d�u�c�e�d� �c�a�p�a�b�i�l�i�t�y� �i�s� �d�e�s�i�r�e�d� �d�u�r�i�n�g� �t�h�e� 

�r�e�s�t� �o�f� �t�h�e� �p�l�a�t�f�o�r�m ��s� �m�i�s�s�i�o�n�.� 

�T�h�e� �s�m�a�l�l� �a�e�r�o�n�a�u�t�i�c�a�l� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �s�a�m�e� �s�t�a�g�e�s� �a�s� 

�t�h�e� �l�a�r�g�e� �p�i�a�t�f�o�r�m� �a�l�t�h�o�u�g�h� �t�h�e� �c�r�u�i�s�i�n�g� �a�l�t�i�t�u�d�e� �w�i�l�l� �b�e� �<� �1�5�,�0�0�0� �f�t� �a�n�d� �t�h�e� 

�m�i�s�s�i�o�n� �t�i�m�e� �w�i�l�l� �r�a�n�g�e� �f�r�o�m� �2�0� �m�i�n�u�t�e�s� �t�o� �3� �h�o�u�r�s�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�s�y�s�t�e�m� �w�i�l�l� �o�n�l�y� �b�e� �r�e�q�u�i�r�e�d� �t�o� �s�u�p�p�o�r�t� �a� �s�i�n�g�l�e� �b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� 

�c�h�a�n�n�e�l� �b�u�t� �t�h�i�s� �c�a�p�a�b�i�l�i�t�y� �s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �p�l�a�t�f�o�r�m�s� �c�o�m�p�l�e�t�e� 

�m�i�s�s�i�o�n�.� 

�M�a�r�i�t�i�m�e� �M�o�b�i�l�e�.� �T�h�e� �l�a�r�g�e� �m�a�r�i�t�i�m�e� �m�i�s�s�i�o�n� �w�i�l�l� �s�u�p�p�o�r�t� �b�o�t�h� 

�c�o�m�m�e�r�c�i�a�l� �c�r�u�i�s�e�l�i�n�e�r�s� �a�n�d� �m�a�r�i�t�i�m�e� �s�h�i�p�p�i�n�g� �t�r�a�n�s�p�o�r�t� �v�e�s�s�e�l�s�.� �T�h�e� �g�e�n�e�r�a�l� 

�p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n� �c�o�n�s�i�s�t�s� �o�f� �s�u�c�c�e�s�s�i�v�e� �p�h�a�s�e�s� �o�f� �t�i�m�e� �d�o�c�k�e�d� �i�n�-�p�o�r�t� �(�b�u�t� 

�a�c�t�i�v�e�)�,� �t�r�a�n�s�i�t�i�n�g� �i�n� �a�n�d� �o�u�t� �o�f� �p�o�r�t�s�,� �a�n�d� �o�p�e�n� �w�a�t�e�r� �t�r�a�n�s�i�t�i�n�g�.� �L�a�r�g�e� �m�a�r�i�t�i�m�e� 

�v�e�s�s�e�l� �p�l�a�t�f�o�r�m� �m�o�t�i�o�n� �w�i�l�l� �r�a�n�g�e� �f�r�o�m� �r�e�l�a�t�i�v�e�l�y� �m�i�n�o�r� �(�<� �1� �d�e�g�r�e�e� �i�n� �r�o�l�l�,� �p�i�t�c�h�,� 

�a�n�d� �h�e�a�d�i�n�g�)� �d�u�r�i�n�g� �d�o�c�k�e�d� �p�e�r�i�o�d�s� �t�o� �s�i�g�n�i�f�i�c�a�n�t� �(�u�p� �t�o� �>� �2�0� �d�e�g�r�e�e�s� �i�n� �p�i�t�c�h� 
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�a�n�d� �r�o�l�l�)� �d�u�r�i�n�g� �o�p�e�n� �w�a�t�e�r� �t�r�a�n�s�i�t�i�n�g� �p�e�r�i�o�d�s�.� �T�h�e� �r�e�l�a�t�i�v�e� �c�h�a�n�g�e� �i�n� �p�l�a�t�f�o�r�m� 

�m�o�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �p�l�a�t�f�o�r�m�s� �m�i�s�s�i�o�n� �w�i�l�l� �d�e�p�e�n�d� �u�p�o�n� �p�l�a�t�f�o�r�m� �s�i�z�e�,� �w�e�i�g�h�t� �a�n�d� 

�p�l�a�c�e�m�e�n�t� �o�f� �p�l�a�t�f�o�r�m� �l�o�a�d�,� �a�n�d� �r�e�l�a�t�i�v�e� �s�e�a� �s�t�a�t�e� �c�o�n�d�i�t�i�o�n�s�.� �L�a�r�g�e� �m�a�r�i�t�i�m�e� 

�p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n�s� �w�i�l�l� �r�a�n�g�e� �f�r�o�m� �3� �h�o�u�r�s� �t�o� �s�i�x� �m�o�n�t�h�s� �(�f�o�r� �c�o�m�p�l�e�t�e� �m�i�s�s�i�o�n�)�.� 

�T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �a� �s�i�m�u�l�t�a�n�e�o�u�s� �m�u�l�t�i�p�l�e� 

 ��b�r�o�a�d�b�a�n�d� �c�h�a�n�n�e�l� �c�a�p�a�b�i�l�i�t�y� �d�u�r�i�n�g� �a�l�l� �p�h�a�s�e�s� �o�f� �t�h�e� �l�a�r�g�e� �m�a�r�i�t�i�m�e� �m�o�b�i�l�e� 

�p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n�.� 

�T�h�e� �s�m�a�l�l� �m�a�r�i�t�i�m�e� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �s�a�m�e� �s�t�a�g�e�s� �a�s� �t�h�e� 

�l�a�r�g�e� �m�a�r�i�t�i�m�e� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n� �a�l�t�h�o�u�g�h� �t�h�e� �m�i�s�s�i�o�n� �t�i�m�e� �r�a�n�g�e�s� �f�r�o�m� �1� �h�o�u�r� �t�o� 

�t�h�r�e�e� �w�e�e�k�s�.� �P�l�a�t�f�o�r�m� �m�o�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �w�i�l�l� �a�l�s�o� �b�e� �l�a�r�g�e�r� �d�u�r�i�n�g� �a�l�l� �s�t�a�g�e�s� �o�f� 

�t�h�e� �s�m�a�l�l� �m�a�r�i�t�i�m�e� �p�l�a�t�f�o�r�m�s� �m�i�s�s�i�o�n�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �s�h�o�u�l�d� 

�p�r�o�v�i�d�e� �a� �m�u�l�t�i�p�l�e� �b�r�o�a�d�b�a�n�d� �c�h�a�n�n�e�l� �c�a�p�a�b�i�l�i�t�y� �d�u�r�i�n�g� �a�l�l� �p�h�a�s�e�s� �o�f� �t�h�e� �s�m�a�l�l� 

�m�a�r�i�t�i�m�e� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n�.� 

�L�a�n�d� �M�o�b�i�l�e�.� �T�h�e� �l�a�r�g�e� �l�a�n�d� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n� �w�i�l�l� �s�u�p�p�o�r�t� 

�c�o�m�m�e�r�c�i�a�l� �a�n�d� �t�r�a�n�s�p�o�r�t� �r�a�i�l�w�a�y�s� �a�s� �w�e�l�l� �a�s� �c�o�m�m�e�r�c�i�a�l� �b�u�s�e�s�,� �e�a�c�h� �w�i�t�h� 

�d�i�f�f�e�r�e�n�t� �m�i�s�s�i�o�n�s�.� �T�h�e� �r�a�i�l�w�a�y� �m�i�s�s�i�o�n� �c�o�n�s�i�s�t�s� �o�f� �a�c�c�e�l�e�r�a�t�i�n�g�,� �c�r�u�i�s�i�n�g�,� 

�d�e�c�e�l�e�r�a�t�i�n�g�,� �a�n�d� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e�s� �i�n� �m�u�l�t�i�p�l�e� �s�u�c�c�e�s�s�i�o�n� �d�e�p�e�n�d�i�n�g� �u�p�o�n� 

�m�i�s�s�i�o�n� �l�e�n�g�t�h� �r�a�n�g�i�n�g� �a�n�y�w�h�e�r�e� �f�r�o�m� �t�w�o� �h�o�u�r�s� �t�o� �o�n�e� �m�o�n�t�h�.� �T�h�e� �r�e�l�a�t�i�v�e� 

�m�o�t�i�o�n� �o�f� �t�h�e� �r�a�i�l�w�a�y� �p�l�a�t�f�o�r�m� �w�i�l�l� �b�e� �f�a�i�r�l�y� �c�o�n�s�t�a�n�t� �w�i�t�h� �g�r�a�d�u�a�l� �s�p�e�e�d� �a�n�d� 

�d�i�r�e�c�t�i�o�n� �c�h�a�n�g�e�s� �a�n�d� �m�o�d�e�r�a�t�e� �j�i�t�t�e�r�.� �T�h�e� �b�u�s� �p�l�a�t�f�o�r�m� �w�i�l�l� �i�n�c�l�u�d�e� �t�h�e� �s�a�m�e� 

�p�h�a�s�e�s� �o�f� �t�h�e� �r�a�i�l�w�a�y� �p�l�a�t�f�o�r�m� �e�x�c�e�p�t� �t�h�a�t� �s�i�g�n�i�f�i�c�a�n�t� �t�u�r�n�s� �w�i�l�l� �b�e� �p�r�e�s�e�n�t� �d�u�r�i�n�g� 

�t�h�e� �m�i�s�s�i�o�n� �a�n�d� �t�h�e� �r�e�l�a�t�i�v�e� �f�r�e�q�u�e�n�c�y� �o�f� �t�h�e� �m�i�s�s�i�o�n� �p�h�a�s�e�s� �w�i�l�l� �b�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� 

�i�n�c�r�e�a�s�e�d�.� 

�T�h�e� �s�m�a�l�l� �l�a�n�d� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m� �w�i�l�l� �s�u�p�p�o�r�t� �e�m�e�r�g�e�n�c�y� �v�e�h�i�c�l�e�,� �t�r�u�c�k�i�n�g�,� 

�a�n�d� �p�r�i�v�a�t�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�i�s�s�i�o�n�s�.� �A�l�l� �o�f� �t�h�e� �s�m�a�l�l� �l�a�n�d� �m�o�b�i�l�e� �m�i�s�s�i�o�n�s� �w�i�l�l� �b�e� 

�s�i�m�i�l�a�r� �t�o� �t�h�e� �b�u�s� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n� �e�x�c�e�p�t� �t�h�a�t� �m�i�s�s�i�o�n� �t�i�m�e�s� �a�n�d� �f�r�e�q�u�e�n�c�y� �o�f� 

�p�h�a�s�e�s� �m�a�y� �d�i�f�f�e�r�.� �P�l�a�t�f�o�r�m� �j�i�t�t�e�r� �c�a�n� �a�l�s�o� �b�e� �e�x�p�e�c�t�e�d� �t�o� �b�e� �h�i�g�h�e�r� �o�n� �t�h�e� 

�s�m�a�l�l� �l�a�n�d� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m�.� 

�L�a�n�d� �m�o�b�i�l�e� �m�i�s�s�i�o�n�s� �w�i�l�l� �i�n�c�l�u�d�e� �t�r�a�n�s�i�t�i�n�g� �o�v�e�r�/�t�h�r�o�u�g�h� �a� �v�a�r�i�e�t�y� �o�f� 

�t�e�r�r�a�i�n�.� �T�h�e�s�e� �m�i�s�s�i�o�n�s� �w�i�l�l� �i�n�c�l�u�d�e� �b�l�o�c�k�s� �o�f� �t�i�m�e� �w�h�e�r�e� �t�h�e�r�e� �w�i�l�l� �n�o�t� �b�e� �a� �c�l�e�a�r� 
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�f�i�e�l�d� �o�f� �v�i�e�w� �t�o� �t�h�e� �e�n�t�i�r�e� �s�k�y�l�i�n�e� �o�r� �i�n� �w�h�i�c�h� �t�h�e� �p�l�a�t�f�o�r�m� �i�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�m�a�n�y� �R�F� �s�c�a�t�t�e�r�i�n�g� �o�b�s�t�r�u�c�t�i�o�n�s� �(�e�.�g�.�,� �b�u�i�l�d�i�n�g�s�)�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s�,� �t�h�e� �l�a�n�d� 

�m�o�b�i�l�e� �p�l�a�t�f�o�r�m�s� �m�a�y� �n�o�t� �b�e� �a�b�l�e� �t�o� �s�u�p�p�o�r�t� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� 

�p�l�a�t�f�o�r�m�s� �e�n�t�i�r�e� �m�i�s�s�i�o�n� �c�y�c�l�e� �b�e�c�a�u�s�e� �o�f� �c�l�e�a�r� �L�i�n�e�-�o�f�-�S�i�t�e� �(�L�O�S�)� �r�e�q�u�i�r�e�m�e�n�t�s� 

�w�i�t�h� �a� �s�a�t�e�l�l�i�t�e� �c�o�n�s�t�e�l�l�a�t�i�o�n� �a�n�d�/�o�r� �m�u�l�t�i�-�p�a�t�h� �i�n�t�e�r�f�e�r�e�n�c�e� �a�n�d� �f�a�d�i�n�g� �f�o�r� �a� 

�m�i�c�r�o�w�a�v�e� �c�e�l�l�u�l�a�r� �a�p�p�l�i�c�a�t�i�o�n�.� �I�t� �s�h�a�l�l� �b�e� �a�c�c�e�p�t�a�b�l�e� �f�r�o�m� �a� �s�y�s�t�e�m� �d�e�s�i�g�n� 

�s�t�a�n�d�p�o�i�n�t� �t�h�a�t� �t�h�e� �l�a�n�d� �m�o�b�i�l�e� �s�y�s�t�e�m�s� �m�a�y� �n�o�t� �b�e� �s�u�p�p�o�r�t�a�b�l�e� �t�h�r�o�u�g�h� �a�l�l� �u�s�e�r� 

�s�c�e�n�a�r�i�o�s� �(�t�r�i�p�s� �t�h�r�o�u�g�h� �t�h�i�c�k� �f�o�l�i�a�g�e�,� �t�u�n�n�e�l�s�,� �e�t�c�.�)� �a�l�t�h�o�u�g�h� �d�i�v�e�r�s�i�t�y� �s�c�h�e�m�e�s� 

�s�h�o�u�l�d� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d� �d�u�r�i�n�g� �s�y�s�t�e�m� �d�e�s�i�g�n� �t�o� �m�a�x�i�m�i�z�e� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�l�a�n�d� �m�o�b�i�l�e� �s�y�s�t�e�m�.� 

�F�i�x�e�d� �R�e�m�o�t�e�/�H�u�b�.� �T�h�e� �f�i�x�e�d� �r�e�m�o�t�e� �a�n�d� �h�u�b� �t�e�r�m�i�n�a�l�s� �w�i�l�l� 

�s�u�p�p�o�r�t� �s�i�m�i�l�a�r� �m�i�s�s�i�o�n�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �f�i�x�e�d� �r�e�m�o�t�e� �t�e�r�m�i�n�a�l� �w�i�l�l� 

�a�c�t� �a�s� �a� �g�a�t�e�w�a�y� �f�r�o�m� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �t�o� �f�i�x�e�d� �l�a�n�d� �s�i�t�e�s� �w�h�i�c�h� �d�o� 

�n�o�t� �h�a�v�e� �a�c�c�e�s�s� �t�o� �a� �t�e�r�r�e�s�t�r�i�a�l� �b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n� �s�y�s�t�e�m�.� �T�h�e� �f�i�x�e�d� 

�h�u�b� �t�e�r�m�i�n�a�l�s� �w�i�l�l� �s�u�p�p�o�r�t� �u�s�e�r� �s�e�r�v�i�c�e�s� �t�o� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m�s�.� �B�o�t�h� �a�p�p�l�i�c�a�t�i�o�n�s� 

�o�f� �t�h�e� �f�i�x�e�d� �t�e�r�m�i�n�a�l� �w�i�l�l� �r�e�q�u�i�r�e� �m�i�s�s�i�o�n�s� �o�f� �n�e�a�r�l�y� �c�o�n�t�i�n�u�o�u�s� �o�p�e�r�a�t�i�o�n�s� �o�r� �a�t� 

�l�e�a�s�t� �a� �d�a�i�l�y� �c�y�c�l�e� �o�f� �>� �1�2� �h�o�u�r�s�/�d�a�y�.� 

�P�o�r�t�a�b�l�e�.� �P�o�r�t�a�b�l�e� �p�l�a�t�f�o�r�m� �m�i�s�s�i�o�n�s� �w�i�l�l� �i�n�c�l�u�d�e� �t�h�o�s�e� �f�o�r� 

�e�m�e�r�g�e�n�c�y� �n�e�e�d�s� �a�n�d� �t�h�o�s�e� �f�o�r� �b�u�s�i�n�e�s�s� �n�e�e�d�s�.� �T�h�i�s� �p�l�a�t�f�o�r�m� �(�o�r� �l�a�c�k� �o�f�)� �i�s� 

�u�n�i�q�u�e� �i�n� �t�h�a�t� �t�h�e� �s�y�s�t�e�m� �w�i�l�l� �b�e� �s�t�a�t�i�o�n�a�r�y� �(�i�.�e�.�,� �f�i�x�e�d�)� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�y�s�t�e�m� 

�u�t�i�l�i�z�a�t�i�o�n� �b�u�t� �c�a�p�a�b�l�e� �o�f� �m�o�b�i�l�i�t�y� �i�n� �b�e�t�w�e�e�n�.� �P�o�r�t�a�b�l�e� �m�i�s�s�i�o�n�s� �a�r�e� �a�s�s�u�m�e�d� �t�o� 

�b�e� �b�r�i�e�f� �i�n� �u�t�i�l�i�z�a�t�i�o�n� �t�i�m�e� �(�~� �2�0� �m�i�n�u�t�e�s� �a�v�e�r�a�g�e�)� �a�n�d� �i�n�f�r�e�q�u�e�n�t� �(�~�2� �m�i�s�s�i�o�n�s�/� 

�d�a�y�)� �i�n� �u�s�e� �b�a�s�e�d� �u�p�o�n� �s�y�s�t�e�m� �s�e�t�u�p� �a�n�d� �b�r�e�a�k�d�o�w�n� �r�e�q�u�i�r�e�d�.� �T�h�e� �p�o�r�t�a�b�l�e� 

�m�i�s�s�i�o�n� �i�s� �a�p�p�l�i�c�a�b�l�e� �t�o� �l�a�n�d� �a�p�p�l�i�c�a�t�i�o�n�s� �o�n�l�y� �s�i�n�c�e� �a� �s�t�a�t�i�o�n�a�r�y� �p�l�a�t�f�o�r�m� �i�s� 

�r�e�q�u�i�r�e�d�.� �S�e�t�u�p� �w�i�t�h� �a� �c�l�e�a�r� �L�O�S� �t�o� �t�h�e� �s�a�t�e�l�l�i�t�e� �o�r� �c�l�e�a�r� �a�c�c�e�s�s� �t�o� �a� �c�e�l�l�u�l�a�r� 

�b�a�s�e� �s�t�a�t�i�o�n� �i�s� �a�s�s�u�m�e�d�.� 

�P�e�r�f�o�r�m�a�n�c�e� �R�e�q�u�i�r�e�m�e�n�t�s� �-� �B�a�s�e�d� �u�p�o�n� �t�h�e� �p�r�o�j�e�c�t�e�d� �u�s�e�r� �n�e�e�d�s� �a�n�d� 

�s�u�b�j�e�c�t�i�v�e� �r�e�a�s�o�n�i�n�g�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�e�r�f�o�r�m�a�n�c�e� �o�b�j�e�c�t�i�v�e�s� �a�r�e� �d�e�f�i�n�e�d�.� 

�B�e�c�a�u�s�e� �o�f� �p�o�t�e�n�t�i�a�l� �p�h�y�s�i�c�a�l� �a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s� �a�n�d� �l�i�m�i�t�a�t�i�o�n�s�,� 

�o�b�j�e�c�t�i�v�e� �a�s� �w�e�l�l� �a�s� �t�h�r�e�s�h�o�i�d� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �l�i�s�t�e�d� �w�h�e�r�e� �a�p�p�l�i�c�a�b�l�e�.� 
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�S�a�t�e�l�l�i�t�e�/�B�a�s�e� �S�t�a�t�i�o�n� �C�a�p�a�c�i�t�y�.� �T�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �c�a�p�a�c�i�t�y� �o�f� 

�t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�a�t�e�l�l�i�t�e� �a�n�d�/�o�r� �c�e�l�l�u�l�a�r� �b�a�s�e� �s�t�a�t�i�o�n� �w�i�l�l� �b�e� �d�e�p�e�n�d�e�n�t� 

�u�p�o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �s�a�t�e�l�l�i�t�e�s� �i�n� �t�h�e� �c�o�n�s�t�e�l�l�a�t�i�o�n� �a�n�d� �f�i�n�a�l� �o�r�b�i�t�a�l� �h�e�i�g�h�t� 

�(�d�e�f�i�n�i�n�g� �a�r�e�a� �o�f� �c�o�v�e�r�a�g�e�)� �a�n�d�/�o�r� �c�o�v�e�r�a�g�e� �a�r�e�a� �o�f� �t�h�e� �c�e�l�l�u�l�a�r� �b�a�s�e� �s�t�a�t�i�o�n�.� �A� 

�d�e�t�a�i�l�e�d� �a�n�a�l�y�s�i�s� �o�f� �c�u�r�r�e�n�t� �m�o�b�i�l�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�r�a�f�f�i�c� �u�s�a�g�e� �(�n�a�r�r�o�w�b�a�n�d�)� 

�a�n�d� �p�r�o�j�e�c�t�i�o�n� �o�f� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �u�s�a�g�e� �s�h�o�u�l�d� �b�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�f�i�n�e� �a� 

�s�u�i�t�a�b�l�e� �n�u�m�b�e�r� �o�f� �u�s�e�r�s� �p�e�r� �s�q�u�a�r�e� �k�m�,� �a�t� �a� �m�i�n�i�m�u�m�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �w�o�u�l�d� 

�h�e�l�p� �d�e�f�i�n�e� �t�h�e� �s�a�t�e�l�l�i�t�e� �c�o�v�e�r�a�g�e� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d�/�o�r� �c�o�m�p�l�e�m�e�n�t�a�r�y� �c�e�l�l�u�l�a�r� 

�s�e�r�v�i�c�e� �r�e�q�u�i�r�e�d�,� �i�n�c�l�u�d�i�n�g� �r�e�s�u�l�t�i�n�g� �a�n�t�e�n�n�a� �a�n�d� �e�l�e�c�t�r�o�n�i�c�s� �d�e�s�i�g�n�.� �D�u�e� �t�o� �t�h�e� 

�s�t�a�t�i�s�t�i�c�a�l� �c�o�m�p�l�e�x�i�t�y� �a�n�d� �d�e�p�e�n�d�e�n�c�y� �o�n� �p�l�a�t�f�o�r�m�,� �a�p�p�l�i�c�a�t�i�o�n�,� �a�n�d� �l�o�c�a�t�i�o�n�,� �t�h�i�s� 

�a�n�a�l�y�s�i�s� �i�s� �c�o�n�s�i�d�e�r�e�d� �o�u�t� �o�f� �s�c�o�p�e�.� �O�u�r� �c�u�r�r�e�n�t� �d�e�s�i�g�n� �w�i�l�l� �c�o�n�s�i�d�e�r� �a�l�l� �o�t�h�e�r� 

�p�e�r�f�o�r�m�a�n�c�e�/�s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �a�s�s�u�m�e� �a� �m�a�x�i�m�i�z�a�t�i�o�n� �o�f� �s�a�t�e�l�l�i�t�e�/�b�a�s�e� 

�s�t�a�t�i�o�n� �c�a�p�a�c�i�t�y� �b�a�s�e�d� �u�p�o�n� �t�h�e�s�e� �c�r�i�t�e�r�i�a�.� 

�T�e�r�m�i�n�a�l� �D�a�t�a� �T�h�r�o�u�g�h�p�u�t�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �m�u�s�t� 

�p�r�o�v�i�d�e� �a�d�e�q�u�a�t�e� �d�a�t�a� �t�h�r�o�u�g�h�p�u�t�-�p�e�r�-�u�s�e�r� �t�o� �f�u�l�f�i�l�l� �t�h�e� �b�r�o�a�d�b�a�n�d� �m�u�l�t�i�m�e�d�i�a� 

�n�e�e�d�s� �o�f� �e�a�c�h� �p�l�a�t�f�o�r�m� �a�n�d� �t�o� �p�r�o�v�i�d�e� �i�n�t�e�g�r�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �f�u�t�u�r�e� �l�a�n�d�-�b�a�s�e�d� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �(�i�n�f�o�r�m�a�t�i�o�n� �s�u�p�e�r�h�i�g�h�w�a�y�)�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� 

�f�a�c�t�o�r�s� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �p�r�o�j�e�c�t�i�o�n�s�,� �u�p�p�e�r� �c�h�a�n�n�e�l� �d�a�t�a� �r�a�t�e� �a�n�d� �d�a�t�a� �t�h�r�o�u�g�h�p�u�t� 

�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �e�a�c�h� �u�s�e�r� �p�l�a�t�f�o�r�m� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�0�.� 

�F�o�r� �l�a�r�g�e� �t�e�r�m�i�n�a�l�s�,� �t�h�e� �o�b�j�e�c�t�i�v�e� �u�p�p�e�r� �c�h�a�n�n�e�l� �c�a�p�a�b�i�l�i�t�y� �s�h�o�u�l�d� �b�e� 

�c�a�p�a�b�l�e� �o�f� �s�u�p�p�o�r�t�i�n�g� �D�S�-�3� �a�n�d�/�o�r� �S�T�S�-�1� �d�a�t�a� �r�a�t�e�s�,� �a�t� �4�4�.�7�6�3� �a�n�d� �5�1�.�8�4� �M�b�p�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �f�i�x�e�d� �t�e�r�m�i�n�a�l� �s�h�o�u�l�d� �b�e� �c�a�p�a�b�l�e� �o�f� �s�u�p�p�o�r�t�i�n�g� �t�h�e� �S�T�M�-�1� 

�A�T�M� �s�t�a�n�d�a�r�d� �d�a�t�a� �r�a�t�e� �o�f� �1�5�5�.�5�2� �M�b�p�s�.� �T�h�i�s� �f�i�x�e�d� �t�e�r�m�i�n�a�l� �c�a�p�a�b�i�l�i�t�y� �w�o�u�l�d� 

�p�r�o�v�i�d�e� �t�h�e� �o�p�t�i�m�a�l� �i�n�t�e�g�r�a�t�i�o�n� �w�i�t�h� �t�h�e� �f�i�x�e�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �a�n�d� 

�a�l�l�o�w� �f�o�r� �a� �h�i�g�h�e�r� �h�u�b�-�t�o�-�m�o�b�i�l�e� �d�a�t�a� �r�a�t�e� �w�h�i�c�h� �i�s� �d�e�s�i�r�a�b�l�e� �f�o�r� �h�u�b� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �T�h�e� �m�i�n�i�m�u�m� �(�t�h�r�e�s�h�o�l�d�)� �c�h�a�n�n�e�l� �r�e�q�u�i�r�e�m�e�n�t� �i�s� �t�o� �b�e� �c�a�p�a�b�l�e� 

�o�f� �s�u�p�p�o�r�t�i�n�g� �a� �c�o�m�p�r�e�s�s�e�d� �H�D�T�V� �s�i�g�n�a�l�.� �D�e�s�i�r�e�d� �d�a�t�a� �t�h�r�o�u�g�h�p�u�t� 

�r�e�q�u�i�r�e�m�e�n�t�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �e�q�u�i�v�a�l�e�n�t� �c�a�p�a�b�i�l�i�t�y� �o�f� �t�w�o� �S�T�M�-�1� �o�r� �S�T�S�-�1� 

�c�h�a�n�n�e�l�s� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�h�i�c�h� �w�i�l�l� �b�e� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �p�l�a�t�f�o�r�m� �a�n�d� �t�e�r�m�i�n�a�l� �p�o�r�t� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �(�s�e�e� �b�e�l�o�w�)�.� 
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�S�m�a�l�l� �m�a�r�i�t�i�m�e� �a�n�d� �l�a�n�d� �m�o�b�i�l�e� �t�e�r�m�i�n�a�l�s� �s�h�o�u�l�d� �r�e�q�u�i�r�e� �l�e�s�s� �c�a�p�a�b�i�l�i�t�y� 

�f�o�r� �b�r�o�a�d�b�a�n�d� �s�e�r�v�i�c�e�s�.� �T�h�e� �u�p�p�e�r� �c�h�a�n�n�e�l� �o�b�j�e�c�t�i�v�e� �i�s� �t�o� �s�u�p�p�o�r�t� �a�n� �H�D�T�V� 

�s�e�r�v�i�c�e�,� �w�h�i�l�e� �t�h�e� �t�h�r�e�s�h�o�l�d� �i�s� �t�o� �s�u�p�p�o�r�t� �t�h�e� �s�m�a�l�l�e�s�t� �d�a�t�a� �r�a�t�e� �c�o�n�s�i�d�e�r�e�d� 

�a�c�c�e�p�t�a�b�l�e� �f�o�r� �i�n�t�e�g�r�a�t�e�d� �b�r�o�a�d�b�a�n�d� �m�u�l�t�i�m�e�d�i�a� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�y�s�t�e�m� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� �T�h�e� �d�a�t�a� �r�a�t�e� �o�f� �6� �M�b�p�s� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �f�o�u�r� �I�S�D�N� �P�r�i�m�a�r�y� 

�R�a�t�e� �o�r� �D�S�-�1� �i�n�t�e�r�f�a�c�e�s� �a�t� �1�.�5�4�4� �M�b�p�s� �a�n�d� �s�h�o�u�l�d� �s�u�p�p�o�r�t� �a�l�l� �b�a�s�i�c� �m�u�l�t�i�m�e�d�i�a� 

�s�e�r�v�i�c�e�s� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �c�o�m�p�r�e�s�s�i�o�n� �t�e�c�h�n�i�q�u�e�s� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r�.� �T�h�e� �t�o�t�a�l� 

�t�h�r�o�u�g�h�p�u�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �s�m�a�l�l� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� �c�o�r�r�e�s�p�o�n�d� �t�o� 

�D�S�-�3�/�S�T�S�-�1� �a�n�d� �H�D�T�V� �e�q�u�i�v�a�l�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�F�o�r� �p�e�r�s�o�n�a�l�/�p�o�r�t�a�b�l�e� �b�r�o�a�d�b�a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �a�n� �e�v�e�n� �l�o�w�e�r� �d�a�t�a� 

�r�a�t�e� �o�f� �1�.�5�5� �M�b�p�s� �i�s� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �r�e�q�u�i�r�e�m�e�n�t�.� �T�h�i�s� �d�a�t�a� �r�a�t�e� �w�o�u�l�d� �b�e� �a�b�l�e� 

�t�o� �s�a�t�i�s�f�y� �m�o�s�t� �p�e�r�s�o�n�a�l� �m�u�l�t�i�m�e�d�i�a� �n�e�e�d�s� �w�h�i�l�e� �m�i�n�i�m�i�z�i�n�g� �b�a�n�d�w�i�d�t�h� �u�t�i�l�i�z�a�t�i�o�n� 

�f�o�r� �p�o�t�e�n�t�i�a�l�l�y� �d�e�n�s�e�l�y� �p�o�p�u�l�a�t�e�d� �a�r�e�a�s�.� 

�C�h�a�n�n�e�l�s�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� �s�h�o�u�l�d� �b�e� �m�u�l�t�i�-� 

�c�h�a�n�n�e�l� �w�i�t�h� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �h�a�n�d�l�e� �s�y�n�c�h�r�o�n�o�u�s� �a�s� �w�e�l�l� �a�s� �a�s�y�n�c�h�r�o�n�o�u�s� �i�n�p�u�t� 

�c�h�a�n�n�e�l�s�.� �T�h�e� �p�o�s�s�i�b�l�e� �n�u�m�b�e�r� �o�f� �a�c�t�i�v�e� �c�h�a�n�n�e�l�s� �a�n�d� �o�r� �s�e�r�v�i�c�e�s� �p�e�r� �t�e�r�m�i�n�a�l� 

�w�i�l�l� �v�a�r�y� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �t�e�r�m�i�n�a�l� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �s�p�e�c�i�f�i�c� �u�s�e�r� �n�e�e�d�s�.� �T�h�e� 

�m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �m�u�s�t� �b�e� �c�a�p�a�b�l�e� �o�f� �p�r�o�v�i�d�i�n�g� �a� �d�y�n�a�m�i�c� �m�e�a�n�s� �o�f� 

�r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �t�o� �s�u�i�t�e� �s�i�t�e� �a�n�d� �m�u�l�t�i�m�e�d�i�a� �c�o�n�f�i�g�u�r�a�t�i�o�n� �n�e�e�d�s�.� �T�h�e� �t�e�r�m�i�n�a�l� 

�s�h�o�u�l�d� �a�l�l�o�w� �f�o�r� �r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�e�r�m�i�n�a�l� �p�o�r�t�s� �t�o� �s�u�i�t�e� �s�p�e�c�i�f�i�c� �p�l�a�t�f�o�r�m� �a�n�d� 

�i�n�t�e�r�f�a�c�e� �r�e�q�u�i�r�e�m�e�n�t�s� �w�i�t�h�i�n� �t�h�e� �b�o�u�n�d�s� �o�f� �t�e�r�m�i�n�a�l� �t�h�r�o�u�g�h�p�u�t� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l� �a�n�d� �s�a�t�e�l�l�i�t�e� �s�y�s�t�e�m� �s�h�o�u�l�d� �a�l�s�o� �p�r�o�v�i�d�e� �t�h�e� 

�m�e�a�n�s� �o�f� �m�u�l�t�i�p�l�e�x�i�n�g� �a�n�d� �i�n�v�e�r�s�e� �m�u�l�t�i�p�l�e�x�i�n�g� �t�e�r�m�i�n�a�l� �p�o�r�t�s� �w�h�e�r�e� �a�p�p�l�i�c�a�b�l�e� 

�t�o� �m�a�x�i�m�i�z�e� �s�y�s�t�e�m� �r�e�s�o�u�r�c�e� �u�t�i�l�i�z�a�t�i�o�n�.� �O�t�h�e�r� �t�e�r�m�i�n�a�l� �a�n�d� �s�a�t�e�l�l�i�t�e� �c�h�a�n�n�e�l� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �d�i�c�t�a�t�e�d� �b�y� �i�n�t�e�r�f�a�c�e� �a�n�d� �s�y�s�t�e�m� �u�t�i�l�i�z�a�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s� �l�i�s�t�e�d� 

�b�e�l�o�w�.� 

�C�o�n�n�e�c�t�i�v�i�t�y�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �g�l�o�b�a�l� 

�c�o�n�n�e�c�t�i�v�i�t�y�.� �T�h�e� �s�y�s�t�e�m� �s�h�o�u�l�d� �s�u�p�p�o�r�t� �p�o�i�n�t�-�t�o�-�p�o�i�n�t�,� �p�o�i�n�t�-�t�o�-�m�u�l�t�i�p�o�i�n�t� 

�(�b�r�o�a�d�c�a�s�t�)�,� �a�n�d� �m�u�l�t�i�p�o�i�n�t�-�t�o�-�m�u�l�t�i�p�o�i�n�t� �(�n�e�t�w�o�r�k�)� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �s�y�s�t�e�m� 

�s�h�a�l�l� �b�e� �c�a�p�a�b�l�e� �o�f� �r�o�u�t�i�n�g� �i�n�d�i�v�i�d�u�a�l� �d�a�t�a� �p�a�c�k�e�t�s� �f�r�o�m� �s�o�u�r�c�e� �t�o� �d�e�s�t�i�n�a�t�i�o�n� 

�t�h�r�o�u�g�h� �i�n�t�e�l�l�i�g�e�n�t� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �s�y�s�t�e�m� �r�e�s�o�u�r�c�e�s�,� �t�i�m�i�n�g� �d�e�l�a�y�s�,� �c�o�n�g�e�s�t�i�o�n�,� 
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�a�n�d� �Q�u�a�l�i�t�y� �o�f� �S�e�r�v�i�c�e� �(�Q�O�S�)� �p�a�r�a�m�e�t�e�r�s� �[�3�5�]�.� �T�h�e� �s�y�s�t�e�m� �s�h�a�l�l� �p�r�o�v�i�d�e� 

�c�o�n�n�e�c�t�i�v�i�t�y� �t�o� �P�S�D�N� �g�a�t�e�w�a�y�s� �a�t� �s�e�l�e�c�t�e�d� �f�i�x�e�d� �s�h�o�r�e� �l�o�c�a�t�i�o�n�s� �t�o� �p�r�o�v�i�d�e� 

�c�o�m�p�l�e�t�e� �c�o�n�n�e�c�t�i�v�i�t�y� �f�r�o�m� �m�o�b�i�l�e� �t�o� �f�i�x�e�d� �u�s�e�r�s�.� 

�A�c�c�u�r�a�c�y�.� �T�o� �m�a�i�n�t�a�i�n� �c�o�m�p�a�r�a�b�l�e� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �e�x�i�s�t�i�n�g� �R�F� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m�s�,� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �c�a�p�a�b�l�e� �o�f� 

�p�r�o�v�i�d�i�n�g� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �w�i�t�h� �a� �B�i�t� �E�r�r�o�r� �R�a�t�e� �(�B�E�R�)� �o�f� �a�t� �l�e�a�s�t� �1�x�1�0 �� �f�o�r� �c�l�e�a�r� 

�s�k�y� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �1�x�1�0�°� �f�o�r� �d�e�g�r�a�d�e�d� �c�o�n�d�i�t�i�o�n�s� �(�m�i�t�i�g�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �f�o�r� 

�d�e�g�r�a�d�e�d� �c�o�n�d�i�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �u�t�i�l�i�z�e�d�)�.� �F�r�o�m� �a� �p�a�c�k�e�t� �p�e�r�s�p�e�c�t�i�v�e�,� �t�h�e� �s�y�s�t�e�m� 

�s�h�o�u�l�d� �m�a�i�n�t�a�i�n� �a� �c�e�l�l�-�l�o�s�s� �r�a�t�i�o� �o�f� �a�t� �l�e�a�s�t� �1�.�7� �x� �1�0�°� �a�c�r�o�s�s� �t�h�e� �n�e�t�w�o�r�k� 

�(�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �A�T�M� �r�e�q�u�i�r�e�m�e�n�t�s�)� �[�2�]�.� 

�S�y�s�t�e�m� �D�e�l�a�y�.� �T�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �M�u�l�t�i�m�e�d�i�a� �s�e�r�v�i�c�e�s� �a�n�d� �A�T�M� 

�r�e�q�u�i�r�e� �l�o�w� �p�r�e�d�i�c�t�a�b�l�e� �d�e�l�a�y� �d�u�e� �t�o� �b�o�t�h� �p�r�o�p�a�g�a�t�i�o�n� �a�n�d� �p�a�c�k�e�t� �q�u�e�u�i�n�g� �a�t� 

�n�e�t�w�o�r�k� �n�o�d�e�s�.� �M�i�n�i�m�a�l� �d�e�l�a�y� �a�n�d� �d�e�l�a�y� �v�a�r�i�a�t�i�o�n� �a�r�e� �e�s�s�e�n�t�i�a�l� �f�o�r� �m�u�l�t�i�m�e�d�i�a� 

�s�e�r�v�i�c�e�s� �t�o� �e�n�s�u�r�e� �a�c�c�e�p�t�a�b�l�e� �i�n�t�e�r�a�c�t�i�v�e� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �a�n�d� �t�o� �m�a�i�n�t�a�i�n� 

�r�e�l�a�t�i�v�e� �s�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �m�e�d�i�a� �e�l�e�m�e�n�t�s� �(�e�.�g�.� �v�o�i�c�e� �a�n�d� �v�i�d�e�o�)� �[�8�6�]�.� 

�B�e�c�a�u�s�e� �o�f� �i�n�h�e�r�e�n�t� �s�a�t�e�l�l�i�t�e� �p�r�o�p�a�g�a�t�i�o�n� �d�e�l�a�y� �a�n�d� �p�o�t�e�n�t�i�a�l� �d�i�g�i�t�a�l� �s�i�g�n�a�l� 

�p�r�o�c�e�s�s�i�n�g� �d�e�l�a�y�,� �p�e�r�f�o�r�m�a�n�c�e� �o�b�j�e�c�t�i�v�e�s� �f�o�r� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �m�u�s�t� �b�e� 

�r�e�l�a�x�e�d� �f�r�o�m� �t�h�e� �A�T�M� �o�b�j�e�c�t�i�v�e�s� �(�1�0�°� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �>� �2�5�0� �m�s�)� �t�o� �m�o�r�e� 
�o�b�t�a�i�n�a�b�l�e� �l�i�m�i�t�s�.� �S�y�s�t�e�m� �d�e�l�a�y� �s�h�o�u�l�d� �a�l�s�o� �b�e� �o�n� �t�h�e� �s�a�m�e� �o�r�d�e�r� �o�f� �m�a�g�n�i�t�u�d�e� 

�o�f� �t�r�a�n�s�o�c�e�a�n�i�c� �f�i�b�e�r� �o�p�t�i�c� �d�e�l�a�y� �(�2�5� �m�s�)� �t�o� �m�a�i�n�t�a�i�n� �m�a�r�k�e�t�a�b�i�l�i�t�y�.� �P�e�r�f�o�r�m�a�n�c�e� 

�o�b�j�e�c�t�i�v�e�s� �f�o�r� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �d�e�l�a�y� �a�r�e� �e�s�t�i�m�a�t�e�d� �a�s� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�M�a�x�i�m�u�m� �s�y�s�t�e�m� �d�e�l�a�y� �<� �9�0�m�s� �(�t�e�r�m�i�n�a�l�-�t�o�-�t�e�r�m�i�n�a�l�)� 

�M�a�x�i�m�u�m� �d�e�l�a�y� �e�r�r�o�r� �<� �1�0� �u�s� �(�s�i�n�g�l�e� �p�a�c�k�e�t�)� 

�M�a�x�i�m�u�m� �d�e�l�a�y� �v�a�r�i�a�t�i�o�n� �<� �1�0� �m�s� �(�p�a�c�k�e�t�-�p�a�c�k�e�t�)� 

�S�e�r�v�i�c�e� �C�o�n�t�r�o�l�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �m�u�s�t� �p�r�o�v�i�d�e� �a�n� 

�a�d�e�q�u�a�t�e� �c�a�l�l� �c�o�n�t�r�o�l� �c�a�p�a�b�i�l�i�t�y� �t�o� �a�c�c�e�p�t� �s�e�r�v�i�c�e� �r�e�q�u�e�s�t�s�,� �a�l�l�o�c�a�t�e� �r�e�s�o�u�r�c�e�s�,� 

�a�c�t�i�v�a�t�e� �a�n�d� �d�e�a�c�t�i�v�a�t�e� �s�e�r�v�i�c�e�s�,� �a�n�d� �p�r�o�v�i�d�e� �t�e�r�m�i�n�a�l� �n�u�m�b�e�r�i�n�g� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� 

�a�n�d� �l�o�c�a�t�i�o�n�i�n�g�.� �T�h�e� �s�y�s�t�e�m� �m�u�s�t� �a�l�s�o� �b�e� �c�a�p�a�b�l�e� �o�f� �o�f�f�e�r�i�n�g� �d�i�f�f�e�r�e�n�t� �Q�O�S� 

�l�e�v�e�l�s� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�o�s�t� �s�c�h�e�m�e�s� �(�i�n�c�l�u�d�i�n�g� �c�a�p�a�b�i�l�i�t�y� �o�f� �t�r�a�c�k�i�n�g� �u�s�a�g�e� 

�a�n�d� �c�o�s�t�s�)�.� �T�h�i�s� �Q�O�S� �w�i�l�l� �b�e� �c�a�p�a�b�l�e� �o�f� �b�e�i�n�g� �a�p�p�l�i�e�d� �t�o� �s�e�p�a�r�a�t�e� �V�C�s� �f�r�o�m� 
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�i�n�d�i�v�i�d�u�a�l� �t�e�r�m�i�n�a�l�s� �r�e�g�a�r�d�i�e�s�s� �o�f� �V�P�.� �Q�O�S� �m�u�s�t� �b�e� �n�e�g�o�t�i�a�b�l�e� �a�t� �t�h�e� �t�i�m�e� �o�f� 

�s�y�s�t�e�m� �a�c�c�e�s�s� �o�r� �d�u�r�i�n�g� �n�e�t�w�o�r�k� �o�p�e�r�a�t�i�o�n�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �s�y�s�t�e�m� 

�s�t�a�t�u�s�/�p�e�r�f�o�r�m�a�n�c�e� �(�i�.�e�.� �d�y�n�a�m�i�c�a�l�l�y� �r�e�c�o�n�f�i�g�u�r�a�b�l�e�)�.� �T�h�i�s� �s�e�r�v�i�c�e� �c�o�n�t�r�o�l� 

�C�a�p�a�b�i�l�i�t�y� �m�u�s�t� �b�e� �c�o�m�p�a�t�i�b�l�e� �a�n�d� �i�n�t�e�g�r�a�t�e� �w�i�t�h� �t�h�e� �B�-�I�S�D�N� �a�n�d� �A�I�N� �s�i�g�n�a�l�i�n�g� 

�s�y�s�t�e�m� �p�r�o�t�o�c�o�l�s� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�y�s�t�e�m� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� 

�P�h�y�s�i�c�a�l� �R�e�q�u�i�r�e�m�e�n�t�s� �-� �P�l�a�t�f�o�r�m� �c�o�n�s�t�r�a�i�n�t�s� �a�n�d� �u�s�e�r� �n�e�e�d�s� �d�r�i�v�e� 

�p�h�y�s�i�c�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �s�i�z�e� �a�n�d� �w�e�i�g�h�t� �o�f� �t�e�r�m�i�n�a�l� �e�q�u�i�p�m�e�n�t�,� �a�s� �w�e�l�l� �a�s� 

�p�h�y�s�i�c�a�l� �i�n�t�e�r�f�a�c�e�s� �w�i�t�h� �b�a�s�e�b�a�n�d� �e�q�u�i�p�m�e�n�t� �a�n�d� �a�n�c�i�l�l�a�r�y� �i�n�t�e�r�f�a�c�e�s�.� �P�h�y�s�i�c�a�l� 

�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �e�a�c�h� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d�/�o�r� �p�l�a�t�f�o�r�m� �a�r�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� 

�S�i�z�e�/�W�e�i�g�h�t�.� �T�o� �c�o�n�f�o�r�m� �w�i�t�h� �p�l�a�t�f�o�r�m� �r�e�s�t�r�i�c�t�i�o�n�s� �a�n�d� �m�a�i�n�t�a�i�n� 

�m�a�r�k�e�t�a�b�i�l�i�t�y�,� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �s�h�o�u�l�d� �c�o�n�f�o�r�m� �t�o� 

�t�h�e� �s�i�z�e� �a�n�d� �w�e�i�g�h�t� �c�o�n�s�t�r�a�i�n�t�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�1�.� �E�x�t�e�r�i�o�r� �c�o�m�p�o�n�e�n�t� �s�i�z�e�s� �f�o�r� 

�t�h�e� �a�e�r�o�n�a�u�t�i�c�a�l� �a�n�d� �l�a�n�d� �m�o�b�i�l�e� �s�y�s�t�e�m�s� �a�r�e� �d�u�e� �t�o� �t�h�e� �n�e�e�d� �f�o�r� �a� �l�o�w� �p�r�o�f�i�l�e� 

�a�n�t�e�n�n�a� �s�y�s�t�e�m� �(�p�a�r�t�i�c�u�l�a�r�l�y� �f�o�r� �t�h�e� �a�e�r�o�n�a�u�t�i�c�a�l� �s�y�s�t�e�m� �w�h�e�r�e� �d�r�a�g� �i�s� �a� �m�a�j�o�r� 

�e�c�o�n�o�m�i�c�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�)�.� �I�n�t�e�r�i�o�r� �c�o�m�p�o�n�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �w�e�r�e� �e�s�t�i�m�a�t�e�d� 

�b�a�s�e�d� �u�p�o�n� �o�t�h�e�r� �c�u�r�r�e�n�t� �o�r� �p�l�a�n�n�e�d� �m�o�b�i�l�e� �S�A�T�C�O�M� �e�q�u�i�p�m�e�n�t�.� 

�T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�a�t�e�l�l�i�t�e� �m�a�s�s� �a�n�d� �p�a�y�l�o�a�d�-�r�e�a�d�y� �d�i�m�e�n�s�i�o�n�s� �w�i�l�l� 

�d�e�p�e�n�d� �u�p�o�n� �f�i�n�a�l� �s�y�s�t�e�m� �d�e�s�i�g�n� �(�s�p�e�c�i�f�i�c�a�l�l�y� �o�r�b�i�t�a�l� �h�e�i�g�h�t� �a�n�d� �n�u�m�b�e�r� �o�f� 

�s�a�t�e�l�l�i�t�e�s� �i�n� �c�o�n�s�t�e�l�l�a�t�i�o�n�)�.� �G�e�n�e�r�a�l�l�y�,� �t�h�e� �s�a�t�e�l�l�i�t�e� �s�y�s�t�e�m� �p�h�y�s�i�c�a�l� �d�e�s�i�g�n� 

�s�h�o�u�l�d� �b�e� �d�r�i�v�e�n� �b�y� �t�h�e� �m�o�s�t� �e�c�o�n�o�m�i�c�a�l� �m�e�a�n�s� �o�f� �l�a�u�n�c�h�i�n�g� �t�h�e� �c�o�n�s�t�e�l�l�a�t�i�o�n�.� 

�T�h�i�s� �p�a�r�a�m�e�t�e�r� �w�i�l�l� �b�e� �a� �m�a�j�o�r� �c�o�s�t� �d�r�i�v�e�r� �f�o�r� �t�h�e� �e�n�t�i�r�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�s�y�s�t�e�m�.� �I�n�i�t�i�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �e�s�t�i�m�a�t�e�d� �a�t� �<� �5�0�0� �k�g� �f�o�r� �t�h�e� �c�o�m�p�l�e�t�e� �s�a�t�e�l�l�i�t�e� 

�t�o� �l�o�w�e�r� �l�a�u�n�c�h� �c�o�s�t�s� �a�n�d� �m�a�i�n�t�a�i�n� �m�a�r�k�e�t�a�b�i�l�i�t�y�.� �T�h�i�s� �r�e�q�u�i�r�e�m�e�n�t� �w�i�l�l� �h�a�v�e� �t�o� 

�b�e� �r�e�-�a�s�s�e�s�s�e�d� �d�u�r�i�n�g� �s�y�s�t�e�m� �d�e�s�i�g�n� �f�o�r� �f�e�a�s�i�b�i�l�i�t�y�.� �T�h�e� �d�e�s�i�g�n� �g�o�a�l� �i�s� �t�o� �b�e� 

�c�a�p�a�b�l�e� �o�f� �l�a�u�n�c�h�i�n�g� �m�u�l�t�i�p�l�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�a�t�e�l�l�i�t�e�s� �a�t� �o�n�e� �t�i�m�e� �(�a�s� 

�d�e�f�i�n�e�d� �t�h�r�o�u�g�h� �a� �d�e�t�a�i�l�e�d� �L�C�C� �a�n�a�l�y�s�i�s�)�.� 

�C�o�m�m�u�n�i�c�a�t�i�o�n�s� �I�n�t�e�r�f�a�c�e�s�.� �T�h�e� �i�n�t�e�r�f�a�c�e�s� �p�r�o�v�i�d�e�d� �a�n�d� 

�s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� �s�h�o�u�l�d� �i�n�t�e�g�r�a�t�e� �w�i�t�h� �t�h�e� �f�u�t�u�r�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�c�h�i�t�e�c�t�u�r�e�.� �T�h�e� �t�e�r�m�i�n�a�l�s� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �(�b�y� 
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�u�s�e� �o�f� �s�e�p�a�r�a�t�e� �l�i�n�e� �i�n�t�e�r�f�a�c�e� �m�o�d�u�l�e�s�,� �i�f� �n�e�c�e�s�s�a�r�y�)� �o�f� �p�r�o�v�i�d�i�n�g� �s�o�m�e� �n�u�m�b�e�r� 

�o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �i�n�t�e�r�f�a�c�e�s�:� 

�M�e�d�i�u�m� �D�a�t�a� �R�a�t�e� �(�M�D�R�)� �I�n�t�e�r�f�a�c�e�s� �-� 

�E�l�A�-�5�3�0�/�R�S�-�4�2�2� 

�R�S�-�4�4�9� 

�I�S�D�N� �-� �P�r�i�m�a�r�y� �R�a�t�e� �I�n�t�e�r�f�a�c�e� 

�H�i�g�h� �D�a�t�e� �R�a�t�e� �(�H�D�R�)� �I�n�t�e�r�f�a�c�e�s� �-� 

�F�D�D�I� �I�n�t�e�r�f�a�c�e�s� 

�S�O�N�E�T� �o�p�t�i�c�a�l� �i�n�t�e�r�f�a�c�e� 

�B�-�I�S�D�N� �i�n�t�e�r�f�a�c�e� 

�H�D�T�V� �d�i�g�i�t�a�l� �i�n�t�e�r�f�a�c�e� 

�S�u�p�p�o�r�t� �I�n�t�e�r�f�a�c�e�s�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� �m�u�s�t� �p�r�o�v�i�d�e� 

�s�u�p�p�o�r�t� �i�n�t�e�r�f�a�c�e�s� �f�o�r� �p�o�s�i�t�i�o�n� �a�n�d� �s�t�a�b�i�l�i�z�a�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �s�u�c�h� �a�s� �r�o�l�l�,� �p�i�t�c�h�,� 

�h�e�a�d�i�n�g�,� �a�l�t�i�t�u�d�e�,� �a�s� �w�e�l�l� �a�s� �l�a�t�i�t�u�d�e� �a�n�d� �l�o�n�g�i�t�u�d�e�.� �T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �m�a�y� �b�e� 

�p�r�o�v�i�d�e�d� �v�i�a� �a� �d�i�g�i�t�a�l� �G�P�S� �i�n�t�e�r�f�a�c�e� �o�r� �t�h�r�o�u�g�h� �s�o�m�e� �o�t�h�e�r� �f�u�t�u�r�e� �p�o�s�i�t�i�o�n� 

�s�y�s�t�e�m� �i�n�t�e�r�f�a�c�e�.� �T�h�e� �t�e�r�m�i�n�a�l� �m�u�s�t� �a�l�s�o� �p�r�o�v�i�d�e� �f�o�r� �p�o�w�e�r� �i�n�t�e�r�f�a�c�e�s� 

�a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �e�a�c�h� �u�s�e�r� �p�l�a�t�f�o�r�m� �w�h�i�c�h� �m�a�y� �r�a�n�g�e� �f�r�o�m� �1�2� �V� �D�C� �t�o� �2�0�8� �V� �A�C�.� 

�U�t�i�l�i�z�a�t�i�o�n� �R�e�q�u�i�r�e�m�e�n�t�s� �-� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l� �s�y�s�t�e�m� �s�h�o�u�l�d� 

�b�e� �c�a�p�a�b�l�e� �o�f� �c�o�n�t�i�n�u�o�u�s� �o�p�e�r�a�t�i�o�n� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �a� �m�o�n�t�h�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �b�e�i�n�g� 

�c�y�c�l�e�d� �o�n� �a�n�d� �o�f�f� �u�p� �t�o� �f�i�v�e� �t�i�m�e�s� �a� �d�a�y�.� �T�h�e�s�e� �u�t�i�l�i�z�a�t�i�o�n� �c�o�n�s�t�r�a�i�n�t�s� 

�c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �e�x�t�r�e�m�e�s� �o�f� �o�p�e�r�a�t�i�o�n� �(�i�.�e�.� �o�p�e�r�a�t�i�n�g� �t�i�m�e� �w�i�t�h�i�n� �a� �p�l�a�t�f�o�r�m�s� 

�m�i�s�s�i�o�n�)� �o�f� �t�h�e� �m�a�r�i�t�i�m�e� �s�y�s�t�e�m�,� �w�h�i�c�h� �m�a�y� �h�a�v�e� �t�o� �s�u�p�p�o�r�t� �a� �m�o�n�t�h� �l�o�n�g� 

�o�p�e�r�a�t�i�o�n�s� �d�u�r�i�n�g� �a� �c�r�u�i�s�e� �o�r� �t�r�a�n�s�p�o�r�t�,� �a�n�d� �t�h�e� �s�p�o�r�a�d�i�c� �d�a�i�l�y� �u�s�e� �o�f� �a� �l�a�n�d� 

�m�o�b�i�l�e� �o�r� �a�e�r�o�n�a�u�t�i�c�a�l� �u�s�e�r�.� �T�o� �m�a�i�n�t�a�i�n� �m�a�r�k�e�t�a�b�i�l�i�t�y�,� �t�h�e� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� 

�c�a�p�a�b�l�e� �o�f� �o�p�e�r�a�t�i�o�n� �w�i�t�h�i�n� �o�n�e� �m�i�n�u�t�e� �o�f� �b�e�i�n�g� �t�u�r�n�e�d�-�o�n� �a�n�d� �s�h�o�u�l�d� �b�e� 

�c�a�p�a�b�l�e� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �w�i�t�h�i�n� �t�w�o� �m�i�n�u�t�e�s� �o�f� �r�e�q�u�e�s�t�i�n�g� �s�y�s�t�e�m� �a�c�c�e�s�s� 

�(�s�a�t�e�l�l�i�t�e� �a�c�q�u�i�s�i�t�i�o�n�)�.� �O�n�c�e� �t�h�e� �s�a�t�e�l�l�i�t�e� �s�y�s�t�e�m� �h�a�s� �b�e�e�n� �a�c�q�u�i�r�e�d�,� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �p�o�s�s�i�b�l�e� �w�i�t�h�i�n� �1�0� �s�e�c�o�n�d�s� �a�f�t�e�r� �a� �r�e�q�u�e�s�t� �i�s� 

�i�n�i�t�i�a�t�e�d�.� �T�h�e� �s�y�s�t�e�m� �s�h�a�l�l� �b�e� �c�a�p�a�b�l�e� �o�f� �m�a�i�n�t�a�i�n�i�n�g� �t�h�e� �s�a�t�e�l�l�i�t�e� �l�i�n�k� 
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�(�a�c�q�u�i�s�i�t�i�o�n�,� �s�t�a�t�u�s� �m�o�n�i�t�o�r�i�n�g�,� �e�t�c�.�)� �w�i�t�h�o�u�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�c�t�i�v�e� �u�s�e�r� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �(�i�.�e�.�,� �s�t�a�n�d�b�y� �m�o�d�e�)�.� 

�O�p�e�r�a�t�i�o�n�a�l� �D�e�p�l�o�y�m�e�n�t� �-� �T�h�e� �c�o�m�p�l�e�t�e� �o�b�j�e�c�t�i�v�e� �f�o�r� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �d�e�p�l�o�y�m�e�n�t� �w�o�u�l�d� �b�e� �a�i�m�e�d� �a�t� �g�l�o�b�a�l� �c�o�v�e�r�a�g�e� �a�n�d� 

�u�t�i�l�i�z�a�t�i�o�n�.� �C�o�m�p�l�e�t�e� �c�o�v�e�r�a�g�e� �o�f� �t�h�e� �U�S� �a�n�d� �m�a�j�o�r� �A�t�l�a�n�t�i�c� �a�n�d� �P�a�c�i�f�i�c� �o�c�e�a�n� 

�a�r�e�a�s� �a�r�e� �d�e�f�i�n�e�d� �a�s� �t�h�e� �m�i�n�i�m�u�m� �d�e�p�l�o�y�m�e�n�t�.� �W�o�r�l�d�w�i�d�e� �d�e�p�l�o�y�m�e�n�t� �w�i�l�l� 

�d�e�p�e�n�d� �u�p�o�n� �f�r�e�q�u�e�n�c�y� �a�u�t�h�o�r�i�z�a�t�i�o�n�s� �a�n�d� �l�i�c�e�n�s�i�n�g� �a�r�r�a�n�g�e�m�e�n�t�s� �i�n� �f�o�r�e�i�g�n� 

�c�o�u�n�t�r�i�e�s� �a�n�d� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �m�a�r�k�e�t� �d�e�m�a�n�d�s�.� �T�h�e� �s�u�p�p�o�r�t� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �f�o�r� �t�h�e� 

�m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �m�u�s�t� �a�l�s�o� �b�e� �l�o�c�a�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�o�v�e�r�a�g�e� �a�r�e�a� 

�d�e�p�e�n�d�i�n�g� �u�p�o�n� �f�i�n�a�l� �m�a�r�k�e�t� �a�s�s�e�s�s�m�e�n�t� �a�n�d� �n�e�e�d� �f�o�r� �t�e�r�r�e�s�t�r�i�a�l� �g�a�t�e�w�a�y�s�.� 

�A�t� �l�e�a�s�t� �o�n�e� �S�y�s�t�e�m� �C�o�n�t�r�o�l� �F�a�c�i�l�i�t�y� �(�S�C�F�)� �i�s� �r�e�q�u�i�r�e�d� �w�i�t�h�i�n� �t�h�e� 

�c�o�n�t�i�n�e�n�t�a�l� �U�S� �(�C�O�N�U�S�)� �f�o�r� �T�r�a�c�k�i�n�g�,� �T�e�l�e�m�e�t�r�y� �a�n�d� �C�o�n�t�r�o�l� �(�T�T�&�C�)� �o�f� �t�h�e� 

�s�a�t�e�l�l�i�t�e� �c�o�n�s�t�e�l�l�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �s�u�p�e�r�v�i�s�o�r�y� �n�e�t�w�o�r�k� �m�a�n�a�g�e�m�e�n�t�.� �A� �b�a�c�k�u�p� 

�c�o�n�t�r�o�l� �f�a�c�i�l�i�t�y� �m�a�y�b�e� �r�e�q�u�i�r�e�d� �w�i�t�h�i�n� �o�r� �o�u�t�s�i�d�e� �o�f� �C�O�N�U�S� �b�a�s�e�d� �u�p�o�n� �f�i�n�a�l� 

�s�y�s�t�e�m� �c�o�n�f�i�g�u�r�a�t�i�o�n� �a�n�d� �d�e�p�l�o�y�m�e�n�t�.� �A�d�d�i�t�i�o�n�a�l� �N�e�t�w�o�r�k� �M�a�n�a�g�e�m�e�n�t� 

�F�a�c�i�l�i�t�i�e�s� �(�N�M�F�s�)� �m�a�y� �a�l�s�o� �b�e� �r�e�q�u�i�r�e�d� �i�n� �m�u�l�t�i�p�l�e� �l�o�c�a�t�i�o�n�s� �d�e�p�e�n�d�e�n�t� �u�p�o�n� 

�f�i�n�a�l� �a�l�l�o�c�a�t�i�o�n� �o�f� �n�e�t�w�o�r�k� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �c�o�n�t�r�o�l� �f�u�n�c�t�i�o�n�a�l�i�t�y� �b�e�t�w�e�e�n� �t�h�e� 

�s�p�a�c�e� �a�n�d� �g�r�o�u�n�d� �s�e�g�m�e�n�t�.� �F�i�x�e�d� �g�r�o�u�n�d� �l�o�c�a�t�i�o�n�s� �w�i�l�l� �a�l�s�o� �b�e� �r�e�q�u�i�r�e�d� �f�o�r� 

�n�e�t�w�o�r�k� �c�o�n�n�e�c�t�i�v�i�t�y� �i�n�t�o� �p�u�b�l�i�c� �d�a�t�a� �n�e�t�w�o�r�k�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �s�i�t�e�s� �w�i�l�l� 

�d�e�p�e�n�d� �u�p�o�n� �t�o�t�a�l� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �c�o�v�e�r�a�g�e�,� �n�e�t�w�o�r�k� �o�p�t�i�m�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� 

�s�a�t�e�l�l�i�t�e� �r�e�s�o�u�r�c�e�s� �a�n�d� �g�r�o�u�n�d� �n�e�t�w�o�r�k� �t�e�r�m�i�n�a�t�i�o�n�s�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�r�e�g�u�l�a�t�o�r�y� �r�u�l�e�s� �a�t� �t�h�e� �t�i�m�e� �o�f� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� 

�T�h�e� �q�u�a�n�t�i�t�y� �o�f� �s�a�t�e�l�l�i�t�e�s� �w�i�l�l� �b�e� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �f�i�n�a�l� �d�e�s�i�g�n� �a�n�d� 

�e�c�o�n�o�m�i�c� �t�r�a�d�e�o�f�f�s� �i�n�c�l�u�d�i�n�g� �n�u�m�b�e�r� �o�f� �r�e�p�l�e�n�i�s�h�m�e�n�t� �o�r� �s�p�a�r�e� �s�a�t�e�l�l�i�t�e�s�.� �T�h�e� 

�q�u�a�n�t�i�t�y� �o�f� �t�e�r�m�i�n�a�l�s� �p�r�o�d�u�c�e�d� �a�n�d� �d�e�p�l�o�y�e�d� �w�i�l�l� �a�g�a�i�n� �d�e�p�e�n�d� �u�p�o�n� �f�r�e�q�u�e�n�c�y� 

�a�u�t�h�o�r�i�z�a�t�i�o�n�s� �a�n�d� �l�i�c�e�n�s�i�n�g� �a�r�r�a�n�g�e�m�e�n�t�s� �a�s� �w�e�l�l� �a�s� �t�o�t�a�l� �m�a�r�k�e�t� �d�e�m�a�n�d�.� 

�O�p�e�r�a�t�i�o�n�a�l� �L�i�f�e� �C�y�c�l�e� �-� �B�a�s�e�d� �o�n� �c�u�r�r�e�n�t� �t�e�c�h�n�o�l�o�g�y� �a�d�v�a�n�c�e�m�e�n�t�s� �a�n�d� 

�p�r�o�f�i�t�a�b�l�e� �e�l�e�c�t�r�o�n�i�c� �s�y�s�t�e�m� �l�i�f�e� �c�y�c�l�e�s�,� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �l�i�f�e� �c�y�c�l�e� �o�f� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �i�s� �p�r�o�j�e�c�t�e�d� �a�t� �1�5� �y�e�a�r�s� �w�i�t�h� �a� �t�o�t�a�l� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 

�p�r�o�d�u�c�t�i�o�n� �t�i�m�e� �o�f� �8� �y�e�a�r�s� �(�i�n�c�l�u�d�i�n�g� �i�n�i�t�i�a�l� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �a�n�d� �t�e�s�t� �p�h�a�s�e�s�)�.� 
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�O�p�e�r�a�t�i�o�n�a�l� �l�i�f�e�-�t�i�m�e� �i�n�c�l�u�d�e�s� �i�n�i�t�i�a�l� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n� �(�w�i�t�h� �a�n� �i�n�c�o�m�p�l�e�t�e� 

�c�o�n�s�t�e�l�l�a�t�i�o�n�)� �t�h�r�o�u�g�h� �t�h�e� �e�n�d� �o�f� �u�s�a�b�l�e� �o�p�e�r�a�t�i�o�n�s� �a�s� �t�h�e� �l�a�s�t� �o�f� �t�h�e� 

�c�o�n�s�t�e�l�l�a�t�i�o�n� �d�i�e�s� �o�f�f�.� �F�i�f�t�e�e�n� �y�e�a�r�s� �i�s� �a�s� �l�o�n�g� �a�s� �i�s� �d�e�e�m�e�d� �p�r�a�c�t�i�c�a�l� �f�o�r� �s�u�c�h� �a� 

�h�i�g�h� �d�o�l�l�a�r� �i�n�v�e�s�t�m�e�n�t� �b�e�f�o�r�e� �n�e�w�e�r� �m�o�r�e� �a�d�v�a�n�c�e�d� �t�e�c�h�n�o�l�o�g�y� �c�o�u�l�d� �b�e� 

�d�e�p�l�o�y�e�d�.� �T�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �s�a�t�e�l�l�i�t�e�s� �s�h�o�u�l�d� �b�e� �d�e�s�i�g�n�e�d� �f�o�r� �a� 

�s�a�t�e�l�l�i�t�e� �l�i�f�e�t�i�m�e� �o�f� �a�t� �l�e�a�s�t� �5� �y�e�a�r�s� �w�i�t�h� �t�h�e� �f�i�n�a�l� �d�e�s�i�g�n� �c�r�i�t�e�r�i�a� �b�a�s�e�d� �u�p�o�n� �f�i�n�a�l� 

�o�r�b�i�t�a�l� �h�e�i�g�h�t�.� 

�O�p�e�r�a�t�i�o�n�a�l� �E�f�f�e�c�t�i�v�e�n�e�s�s� �-� �T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�s�y�s�t�e�m� �i�s� �e�x�p�e�c�t�e�d� �t�o� �b�e� �g�o�v�e�r�n�e�d� �p�r�i�m�a�r�i�l�y� �b�y� �t�h�e� �c�o�s�t� �t�o� �u�t�i�l�i�z�e� �t�h�e� �s�y�s�t�e�m� �a�n�d� 

�t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m� �t�o� �p�e�r�f�o�r�m� �t�o� �a�c�h�i�e�v�e� �i�t�s� �s�t�a�t�e�d� 

�p�e�r�f�o�r�m�a�n�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�U�s�a�g�e� �C�o�s�t�.� �T�h�e� �u�s�a�g�e� �c�o�s�t� �i�s� �p�e�r�h�a�p�s� �t�h�e� �s�i�n�g�l�e� �b�i�g�g�e�s�t� �a�t�t�r�i�b�u�t�e� 

�o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �w�h�i�c�h� �w�i�l�l� �d�e�t�e�r�m�i�n�e� �i�t�s� �m�a�r�k�e�t� �d�e�m�a�n�d� �a�n�d� 

�p�r�o�f�i�t�a�b�i�l�i�t�y�.� �B�a�s�e�d� �o�n� �c�u�r�r�e�n�t� �o�r� �p�l�a�n�n�e�d� �m�o�b�i�l�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�/�P�C�S� �p�r�i�c�e�s�,� 

�t�h�e� �i�n�i�t�i�a�l� �u�s�a�g�e� �c�o�s�t� �t�a�r�g�e�t� �i�s� �$�4�/�m�i�n�u�t�e� �(�i�n� �c�u�r�r�e�n�t� �y�e�a�r� �d�o�l�l�a�r�s�)� �f�o�r� �c�o�n�t�i�n�u�o�u�s� 

�p�a�c�k�e�t� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �T�h�i�s� �c�o�s�t� �w�o�u�l�d� �b�e� �t�a�r�g�e�t�e�d� �t�o� �g�o� �d�o�w�n� �t�o� �$�2�.�5�0�/�m�i�n� 

�w�i�t�h�i�n� �t�h�e� �f�i�r�s�t� �t�w�o� �y�e�a�r�s� �o�f� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�s�.� �T�h�i�s� �c�o�s�t� �i�s� �c�o�m�p�a�r�a�b�l�e� �t�o� �o�r� 

�b�e�t�t�e�r� �t�h�a�n� �s�o�m�e� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �o�r� �p�l�a�n�n�e�d� �m�o�b�i�l�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �s�y�s�t�e�m�s� 

�s�u�c�h� �a�s� �I�N�M�A�R�S�A�T� �B� �o�r� �P� �a�n�d� �I�R�I�D�I�U�M�,� �b�u�t� �i�s� �c�o�n�s�i�d�e�r�e�d� �r�e�a�l�i�z�a�b�l�e� �b�e�c�a�u�s�e� 

�o�f� �t�h�e� �d�e�c�r�e�a�s�i�n�g� �c�o�s�t� �a�n�d� �w�e�i�g�h�t� �o�f� �h�i�g�h� �s�p�e�e�d� �I�C�s� �a�n�d� �e�l�e�c�t�r�o�n�i�c� �c�o�m�p�o�n�e�n�t�s�.� 

�A�l�s�o�,� �t�h�e� �O�p�e�r�a�t�i�o�n�s� �a�n�d� �A�d�m�i�n�i�s�t�r�a�t�i�v�e� �M�a�n�a�g�e�m�e�n�t� �(�O�A�M�)� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� 

�s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �c�o�n�f�i�g�u�r�e�d� �t�o� �o�n�l�y� �c�h�a�r�g�e� �t�h�e� �c�u�s�t�o�m�e�r� �f�o�r� �a�c�t�u�a�l� �p�a�c�k�e�t�s� 

�c�o�m�m�u�n�i�c�a�t�e�d� �v�e�r�s�u�s� �a� �f�l�a�t� �r�a�t�e�.� �C�h�a�r�g�e�s� �f�o�r� �t�i�m�e� �s�p�e�n�t� �a�c�q�u�i�r�i�n�g� �t�h�e� �s�y�s�t�e�m�,� 

�m�a�n�a�g�i�n�g� �s�e�r�v�i�c�e�s�,� �o�r� �b�e�i�n�g� �i�d�l�e� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �s�e�p�a�r�a�t�e� �c�o�s�t� 

�s�c�h�e�m�e�s� �(�e�.�g�.� �f�l�a�t� �c�h�a�r�g�e�s� �p�e�r� �a�c�t�i�o�n� �o�r� �d�i�f�f�e�r�e�n�t� �r�a�t�e�s� �t�h�a�n� �p�a�c�k�e�t� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�)� �s�u�c�h� �t�h�a�t� �t�h�e� �a�v�e�r�a�g�e� �c�o�s�t� �f�o�r� �e�a�c�h� �p�l�a�t�f�o�r�m� �a�p�p�l�i�c�a�t�i�o�n� �i�s� 

�c�o�m�p�a�r�a�b�l�e� �w�i�t�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� �l�a�n�d�-�b�a�s�e�d� �n�e�t�w�o�r�k�s�.� 

�S�y�s�t�e�m� �A�v�a�i�l�a�b�i�l�i�t�y�.� �S�y�s�t�e�m� �a�v�a�i�l�a�b�i�l�i�t�y�,� �w�i�t�h�i�n� �t�h�i�s� �c�o�n�t�e�x�t�,� 

�i�n�c�l�u�d�e�s� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m� �t�o� �p�e�r�f�o�r�m� �t�o� �i�t�s� �s�t�a�t�e�d� �p�e�r�f�o�r�m�a�n�c�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �(�i�n�c�l�u�d�i�n�g� �d�o�w�n� �t�i�m�e� �f�o�r� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�s�)�,� �a�s� �w�e�l�l� �a�s� �m�a�i�n�t�a�i�n� 

�p�h�y�s�i�c�a�l� �(�L�O�S�)� �a�n�d� �r�e�s�o�u�r�c�e� �a�c�c�e�s�s� �t�o� �t�h�e� �s�a�t�e�l�l�i�t�e�/�b�a�s�e� �s�t�a�t�i�o�n� �s�y�s�t�e�m�.� 
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�B�e�c�a�u�s�e� �t�h�e� �L�O�S� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �(�w�e�a�t�h�e�r� �d�e�g�r�a�d�a�t�i�o�n�)� �c�o�n�d�i�t�i�o�n�s� �v�a�r�y� �s�o� 

�w�i�d�e�l�y� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�t� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� 

�r�e�q�u�i�r�e�m�e�n�t�s� �w�i�l�l� �b�e� �l�i�s�t�e�d� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �s�y�s�t�e�m�s� �a�s� �f�o�l�l�o�w�s�:� 

�A�g� �(�a�e�r�o�n�a�u�t�i�c�a�l�)� �=� �9�9�.�0�%� 

�A�o� �(�m�a�r�i�t�i�m�e�)� �=� �9�7�.�0�%� 

�~� �A�o� �(�a�n�d� �m�o�b�i�l�e�)� �=� �9�5�.�0�%� 

�A�o� �(�f�i�x�e�d�)� �=� �9�8�.�0�%� 

�T�h�e�s�e� �i�n�i�t�i�a�l� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� 

�p�r�e�v�i�o�u�s� �e�s�t�i�m�a�t�e� �o�f� �a� �9�5�%� �o�v�e�r�a�l�l� �m�i�n�i�m�u�m� �r�e�l�i�a�b�i�l�i�t�y� �(�f�o�r� �c�o�m�p�e�t�i�t�i�v�e�n�e�s�s�)�,� �a�n�d� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �i�n�d�i�v�i�d�u�a�l� �p�l�a�t�f�o�r�m� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �(�i�.�e�.�,� �e�s�t�i�m�a�t�e� �o�f� �h�o�w� �m�u�c�h� �b�e�t�t�e�r� 

�d�e�s�i�g�n� �c�a�n� �a�c�h�i�e�v�e� �a�b�o�v�e� �9�5�%�)�.� �T�h�e� �a�e�r�o�n�a�u�t�i�c�a�l� �s�y�s�t�e�m� �a�v�a�i�l�a�b�i�l�i�t�y� �i�s� �t�h�e� 

�h�i�g�h�e�s�t� �d�u�e� �t�o� �n�o�r�m�a�l� �o�p�e�r�a�t�i�o�n�s� �a�t� �c�r�u�i�s�i�n�g� �a�l�t�i�t�u�d�e�s� �w�h�e�r�e� �a�t�m�o�s�p�h�e�r�i�c� �a�f�f�e�c�t�s� 

�a�r�e� �f�a�i�r�l�y� �c�o�n�s�t�a�n�t� �a�n�d� �n�e�g�l�i�g�i�b�l�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� �s�y�s�t�e�m�s�.� �T�h�e� �l�a�n�d� 

�m�o�b�i�l�e� �s�y�s�t�e�m� �a�v�a�i�l�a�b�i�l�i�t�y� �i�s� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�e� �o�t�h�e�r�s� �d�u�e� �t�o� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� 

�p�h�y�s�i�c�a�l� �b�l�o�c�k�a�g�e� �t�o� �a� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�a�t�e�l�l�i�t�e� �s�y�s�t�e�m� �a�n�d�/�o�r� �R�F� 

�p�e�r�t�u�r�b�a�t�i�o�n�s� �d�u�r�i�n�g� �i�t�s� �m�o�b�i�l�e� �m�i�s�s�i�o�n� �p�r�o�f�i�l�e�.� �L�a�n�d� �m�o�b�i�l�e� �a�v�a�i�l�a�b�i�l�i�t�y� �e�x�h�i�b�i�t�e�d� 

�w�i�l�l� �b�e� �h�i�g�h�e�r� �i�f� �t�h�e� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m� �i�s� �s�t�a�t�i�o�n�a�r�y� �(�a�n�d� �c�l�e�a�r� �L�O�S�)� �o�r� �t�r�a�v�e�l�i�n�g� �o�n� 

�c�l�e�a�r� �t�e�r�r�a�i�n� �d�u�r�i�n�g� �i�t�s� �m�i�s�s�i�o�n�.� �D�i�v�e�r�s�i�t�y� �t�e�c�h�n�i�q�u�e�s� �m�a�y� �n�e�e�d� �t�o� �b�e� �e�m�p�l�o�y�e�d� 

�d�u�r�i�n�g� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �e�v�e�n� �t�o� �p�r�o�v�i�d�e� �a� �9�5�%� 

�a�v�a�i�l�a�b�i�l�i�t�y� �t�o� �t�h�e� �l�a�n�d� �m�o�b�i�l�e� �p�l�a�t�f�o�r�m�.� �A�l�l� �a�v�a�i�l�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� �l�i�s�t�e�d� �a�b�o�v�e� 

�a�r�e� �a�t� �a� �1�5�°� �e�l�e�v�a�t�i�o�n� �a�n�g�l�e� �t�o� �t�h�e� �s�a�t�e�l�l�i�t�e�.� 

�T�h�e� �M�e�a�n�-�T�i�m�e�-�B�e�t�w�e�e�n�-�F�a�i�l�u�r�e� �(�M�T�B�F�)� �a�n�d� �M�e�a�n�-�T�i�m�e�-�T�o�-�R�e�p�a�i�r� 

�(�M�T�T�R�)� �o�f� �t�h�e� �t�e�r�m�i�n�a�l� �s�y�s�t�e�m�s� �a�r�e� �i�n�i�t�i�a�l�l�y� �s�e�t� �f�o�r�t�h� �a�s� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�M�T�B�F� �=� �4�,�3�8�0� �h�r�s� 

�M�T�T�R� �=� �1� �h�r� 

�T�h�e� �M�T�B�F� �i�s� �s�p�e�c�i�f�i�e�d� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �a�t� �l�e�a�s�t� �s�i�x� �m�o�n�t�h�s� �o�f� �f�a�u�l�t�-�f�r�e�e� 

�o�p�e�r�a�t�i�o�n�,� �w�h�i�c�h� �p�e�r�t�a�i�n�s� �t�o� �t�h�e� �l�o�n�g�e�s�t� �m�i�s�s�i�o�n� �o�f� �t�h�e� �b�i�g� �m�a�r�i�t�i�m�e� �p�l�a�t�f�o�r�m� 

�(�a�w�a�y� �f�r�o�m� �h�o�m�e� �p�o�r�t�)�.� �T�h�i�s� �s�y�s�t�e�m� �M�T�B�F� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �g�r�e�a�t�e�r� �t�h�a�n� 

�1�6� �m�o�n�t�h�s� �o�f� �f�a�u�l�t�-�f�r�e�e� �o�p�e�r�a�t�i�o�n� �u�t�i�l�i�z�i�n�g� �t�h�e� �s�y�s�t�e�m� �1�0� �h�r�s�/�d�a�y� �o�r� �l�e�s�s�,� 
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�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �a�e�r�o�n�a�u�t�i�c�a�l� �a�n�d� �l�a�n�d� �m�o�b�i�l�e� �m�i�s�s�i�o�n�s�.� �T�h�e� �M�T�T�R� �i�s� 

�e�s�t�i�m�a�t�e�d� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m� �a�n�d� �m�a�r�k�e�t�a�b�i�l�i�t�y� �t�o� 

�c�o�m�m�e�r�c�i�a�l� �p�r�o�v�i�d�e�r�s�.� �T�h�e� �M�T�T�R� �i�n�c�l�u�d�e�s� �t�i�m�e� �t�o� �d�i�a�g�n�o�s�e� �a�n�d� �i�s�o�l�a�t�e� �f�a�u�l�t�s� �t�o� 

�t�h�e� �L�R�U�,� �r�e�p�l�a�c�e�,� �t�e�s�t� �a�n�d� �c�h�e�c�k�o�u�t�,� �a�n�d� �r�e�i�n�i�t�i�a�l�i�z�e� �t�h�e� �t�e�r�m�i�n�a�l�.� �T�h�e� �M�T�T�R� 

�d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� �t�i�m�e� �t�o� �o�b�t�a�i�n� �p�a�r�t�s� �i�f� �n�o�t� �o�n�-�h�a�n�d� �a�n�d� �a�s�s�u�m�e�s� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n� 

�o�f� �B�u�i�l�t�-�i�n�-�T�e�s�t� �E�q�u�i�p�m�e�n�t� �(�B�I�T�E�)� �t�o� �a�s�s�i�s�t� �t�h�e� �m�a�i�n�t�a�i�n�e�r� �i�n� �i�d�e�n�t�i�f�y�i�n�g� �a�n�d� 

�i�s�o�l�a�t�i�n�g� �t�h�e� �f�a�i�l�e�d� �p�a�r�t� �t�o� �t�h�e� �L�i�n�e� �R�e�p�l�a�c�e�a�b�l�e� �U�n�i�t� �(�L�R�U�)�.� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �R�e�q�u�i�r�e�m�e�n�t�s� �-� �E�n�v�i�r�o�n�m�e�n�t�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �w�h�i�c�h� �s�h�o�u�l�d� 

�b�e� �f�u�l�l�y� �s�p�e�c�i�f�i�e�d� �i�n�c�l�u�d�e� �t�e�m�p�e�r�a�t�u�r�e�,� �h�u�m�i�d�i�t�y�,� �i�n�c�l�i�n�a�t�i�o�n�,� �v�i�b�r�a�t�i�o�n�,� �s�o�l�a�r� 

�r�a�d�i�a�t�i�o�n� �(�s�a�t�e�l�l�i�t�e� �s�e�g�m�e�n�t�)�,� �a�n�d� �s�e�a� �e�f�f�e�c�t�s� �(�e�.�g�.� �s�a�l�t� �s�o�r�a�y�)� �a�m�o�n�g� �o�t�h�e�r�s�.� 

�R�e�q�u�i�r�e�m�e�n�t�s� �s�h�o�u�l�d� �i�n�c�l�u�d�e� �m�i�n�i�m�u�m� �a�n�d� �m�a�x�i�m�u�m� �v�a�l�u�e�s�,� �a�s� �w�e�l�l� �a�s� �c�y�c�l�e�s� 

�o�r� �m�a�x�i�m�u�m� �r�a�t�e� �o�f� �c�h�a�n�g�e�s� �w�h�e�r�e� �a�p�p�l�i�c�a�b�l�e�.� �R�e�q�u�i�r�e�m�e�n�t�s� �s�h�o�u�l�d� �t�a�k�e� �i�n�t�o� 

�a�c�c�o�u�n�t� �t�h�e� �P�a�c�k�a�g�i�n�g�,� �H�a�n�d�l�i�n�g�,� �S�t�o�r�a�g�e�,� �a�n�d� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �(�P�H�S�&�T�)� 

�e�n�v�i�r�o�n�m�e�n�t� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e�s�e� �r�e�q�u�i�r�e�m�e�n�t�s� �w�i�l�l� 

�n�o�t� �b�e� �s�p�e�c�i�f�i�e�d� �w�i�t�h�i�n� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �l�i�m�i�t�e�d� �d�e�s�i�g�n�.� 

�S�y�s�t�e�m� �M�a�i�n�t�e�n�a�n�c�e� �C�o�n�c�e�p�t� 

�T�h�e� �m�a�i�n�t�e�n�a�n�c�e� �c�o�n�c�e�p�t� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �w�i�l�l� �b�e� 

�d�e�f�i�n�e�d� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �t�h�e� �s�a�t�e�l�l�i�t�e�/�b�a�s�e� �s�t�a�t�i�o�n�,� �t�e�r�m�i�n�a�l�,� �a�n�d� �s�y�s�t�e�m� �c�o�n�t�r�o�!� 

�s�e�g�m�e�n�t�s�.� �T�h�i�s� �i�s� �d�u�e� �t�o� �u�n�i�q�u�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�d� �o�p�e�r�a�t�i�o�n�a�l� �c�o�n�d�i�t�i�o�n�s� �o�f� 

�e�a�c�h� �o�f� �t�h�e�s�e� �s�e�g�m�e�n�t�s� �a�n�d� �t�h�e�i�r� �a�s�s�o�c�i�a�t�e�d� �i�m�p�a�c�t� �o�n� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�a�l� 

�a�v�a�i�l�a�b�i�l�i�t�y�.� �T�h�e� �m�a�i�n�t�e�n�a�n�c�e� �c�o�n�c�e�p�t� �o�u�t�l�i�n�e�d� �b�e�l�o�w� �i�s� �b�a�s�e�d� �u�p�o�n� �f�u�l�f�i�l�l�m�e�n�t� 

�o�f� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d� �o�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s�,� �s�y�s�t�e�m� �e�c�o�n�o�m�i�c�/�m�a�r�k�e�t�a�b�i�l�i�t�y� 

�p�r�o�j�e�c�t�i�o�n�s�,� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �r�e�a�s�o�n�i�n�g�.� 

�M�a�i�n�t�e�n�a�n�c�e� �L�e�v�e�l�s� �-� �T�h�e�r�e� �w�i�l�l� �b�e� �t�h�r�e�e� �m�a�i�n�t�e�n�a�n�c�e� �l�e�v�e�l�s� �f�o�r� �t�h�e� 

�m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �s�u�p�p�o�r�t�i�n�g� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �s�y�s�t�e�m� �s�e�g�m�e�n�t�s� �a�s� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.� �T�h�i�s� �c�o�n�c�e�p�t� �w�i�l�l� �b�e�s�t� �p�r�o�v�i�d�e� �f�o�r� �e�a�s�e� �o�f� �o�p�e�r�a�t�i�o�n�a�l� �u�s�e� 

�w�h�i�l�e� �f�u�l�f�i�l�l�i�n�g� �t�h�e� �s�t�a�t�e�d� �o�p�e�r�a�t�i�o�n�a�l� �a�v�a�i�l�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s�.� �P�e�r�s�o�n�n�e�l� 

�e�x�p�e�r�t�i�s�e� �w�i�l�l� �b�e� �a�s�s�i�g�n�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �b�u�r�d�e�n� �a�t� �u�s�e�r� �l�o�c�a�t�i�o�n�s� 

�w�h�i�l�e� �r�e�q�u�i�r�i�n�g� �m�o�r�e� �e�x�p�e�r�t�i�s�e� �f�o�r� �c�r�i�t�i�c�a�l� �m�a�i�n�t�e�n�a�n�c�e� �s�u�p�p�o�r�t� �a�r�e�a�s� �(�e�.�g�.� 

�s�y�s�t�e�m� �c�o�n�t�r�o�l� �s�e�g�m�e�n�t�)�.� 
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�O�r�g�a�n�i�z�a�t�i�o�n�a�l� �M�a�i�n�t�e�n�a�n�c�e�.� �O�r�g�a�n�i�z�a�t�i�o�n�a�l� �m�a�i�n�t�e�n�a�n�c�e� �w�o�u�l�d� 

�c�o�n�s�i�s�t� �l�a�r�g�e�l�y� �o�f� �B�u�i�l�t�-�i�n�-�T�e�s�t� �(�B�I�T�)� �w�i�t�h�i�n� �t�h�e� �e�q�u�i�p�m�e�n�t� �t�o� �p�e�r�f�o�r�m� �s�e�l�f� �t�e�s�t�s� 

�d�u�r�i�n�g� �s�y�s�t�e�m� �i�n�i�t�i�a�l�i�z�a�t�i�o�n� �a�n�d� �t�o� �p�r�o�v�i�d�e� �c�o�n�s�t�a�n�t� �o�n�-�l�i�n�e� �m�o�n�i�t�o�r�i�n�g� �o�f� 

�s�u�b�s�y�s�t�e�m�s� �a�n�d� �i�n�t�e�r�f�a�c�e�s� �t�o� �i�d�e�n�t�i�f�y� �a�n�d� �i�s�o�l�a�t�e� �f�a�i�l�u�r�e�s�.� �F�o�r� �t�e�r�m�i�n�a�l�s�,� �s�p�e�c�i�f�i�c� 

�f�a�i�l�u�r�e�s� �r�e�q�u�i�r�i�n�g� �t�h�e� �r�e�p�l�a�c�e�m�e�n�t� �o�f� �L�i�n�e� �R�e�p�l�a�c�e�a�b�l�e� �U�n�i�t�s� �(�L�R�U�s�)� �w�h�i�c�h� �d�o� 

�n�o�t� �r�e�q�u�i�r�e� �s�p�e�c�i�a�l� �t�e�s�t�i�n�g� �c�o�u�l�d� �b�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �f�i�e�l�d� �i�f� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�s�p�a�r�e� �L�R�U� �i�s� �o�n�-�h�a�n�d�.� �T�h�e� �s�a�t�e�l�l�i�t�e�/�b�a�s�e� �s�t�a�t�i�o�n� �s�y�s�t�e�m� �s�h�o�u�l�d� �h�a�v�e� �a�d�e�q�u�a�t�e� 

�b�a�c�k�u�p� �c�a�p�a�b�i�l�i�t�i�e�s� �t�o� �b�e� �c�a�p�a�b�l�e� �o�f� �s�w�i�t�c�h�i�n�g� �t�o� �s�p�a�r�e� �c�o�m�p�o�n�e�n�t�s� �a�n�d� 

�s�u�b�s�y�s�t�e�m�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �a� �f�a�i�l�u�r�e�.� �T�h�i�s� �b�a�c�k�u�p� �s�w�i�t�c�h�i�n�g� �c�a�p�a�b�i�l�i�t�y� �s�h�o�u�l�d� �b�e� 

�b�o�t�h� �a�u�t�o�m�a�t�i�c� �a�n�d� �m�a�n�u�a�l� �(�f�r�o�m� �t�h�e� �s�y�s�t�e�m� �c�o�n�t�r�o�l� �f�a�c�i�l�i�t�y�)� �d�e�p�e�n�d�i�n�g� �u�p�o�n� 

�t�h�e� �c�r�i�t�i�c�a�l�i�t�y� �o�f� �t�h�e� �f�a�i�l�e�d� �i�t�e�m�.� �O�r�g�a�n�i�z�a�t�i�o�n�a�l� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� �s�y�s�t�e�m� 

�c�o�n�t�r�o�l� �f�a�c�i�l�i�t�y� �w�i�l�l� �a�l�s�o� �c�o�n�s�i�s�t� �o�f� �s�o�m�e� �l�e�v�e�l� �o�f� �B�I�T�E�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�y�s�t�e�m� 

�c�o�n�t�r�o�l� �f�a�c�i�l�i�t�y� �s�n�o�u�l�d� �b�e� �m�a�n�n�e�d� �w�i�t�h� �s�u�f�f�i�c�i�e�n�t�l�y� �t�r�a�i�n�e�d� �t�e�c�h�n�i�c�i�a�n�s� �a�t� �a�l�l� �t�i�m�e�s� 

�t�o� �e�l�i�m�i�n�a�t�e� �t�h�e� �n�e�e�d� �f�o�r� �i�n�t�e�r�m�e�d�i�a�t�e� �m�a�i�n�t�e�n�a�n�c�e� �(�i�.�e�.�,� �i�n�t�e�r�m�e�d�i�a�t�e� 

�m�a�i�n�t�e�n�a�n�c�e� �d�o�n�e� �a�t� �o�p�e�r�a�t�i�o�n�a�l� �l�e�v�e�l�)�.� 

�I�n�t�e�r�m�e�d�i�a�t�e� �M�a�i�n�t�e�n�a�n�c�e�.� �I�n�t�e�r�m�e�d�i�a�t�e� �m�a�i�n�t�e�n�a�n�c�e� �f�a�c�i�l�i�t�i�e�s� �f�o�r� 

�t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� �w�o�u�l�d� �b�e� �c�o�m�p�r�i�s�e�d� �o�f� �d�e�p�l�o�y�a�b�l�e� �f�i�e�l�d� 

�t�e�c�h�n�i�c�i�a�n�s� �a�n�d� �B�a�s�e� �M�a�i�n�t�e�n�a�n�c�e� �F�a�c�i�l�i�t�i�e�s� �(�B�M�F�s�)� �w�h�i�c�h� �c�o�u�l�d� �h�a�n�d�l�e� �r�o�u�t�i�n�e� 

�r�e�p�a�i�r�s� �o�n� �p�a�r�t�s�,� �c�o�m�p�o�n�e�n�t�s�,� �a�n�d� �s�u�b�s�y�s�t�e�m�s� �n�o�t� �r�e�p�a�i�r�a�b�l�e� �i�n� �t�h�e� �f�i�e�l�d�.� �T�h�e�s�e� 

�i�n�t�e�r�m�e�d�i�a�t�e� �B�M�F�s� �a�n�d� �s�t�a�f�f� �c�o�u�l�d� �b�e� �p�a�r�t� �o�f� �t�h�e� �t�e�r�m�i�n�a�l� �m�a�n�u�f�a�c�t�u�r�e�r�s� �f�i�e�l�d� 

�s�u�p�p�o�r�t�,� �b�e� �p�a�r�t� �o�f� �t�h�e� �c�u�s�t�o�m�e�r�s� �e�x�i�s�t�i�n�g� �f�i�e�l�d� �s�u�p�p�o�r�t�,� �o�r� �c�o�u�l�d� �b�e� �t�o�t�a�l�l�y� 

�s�e�p�a�r�a�t�e� �s�u�p�p�o�r�t� �o�r�g�a�n�i�z�a�t�i�o�n�s� �w�h�o� �a�r�e� �k�n�o�w�l�e�d�g�e�a�b�l�e� �o�n� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �a�n�d� �v�a�r�i�o�u�s� �t�e�r�m�i�n�a�l�s�.� �F�i�e�l�d� �t�e�c�h�n�i�c�i�a�n�s� �c�o�u�l�d� �u�t�i�l�i�z�e� �t�h�e� 

�i�n�f�o�r�m�a�t�i�o�n� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �f�a�i�l�e�d� �t�e�r�m�i�n�a�l�s� �B�I�T�E� �(�v�i�a� �t�h�e� �t�e�r�m�i�n�a�l�s� �o�p�e�r�a�t�o�r�)� �t�o� 

�i�d�e�n�t�i�f�y� �p�a�r�t�s�/�L�R�U�s� �t�h�a�t� �m�i�g�h�t� �b�e� �r�e�q�u�i�r�e�d� �t�o� �f�i�x� �t�h�e� �p�r�o�b�l�e�m�.� �F�a�i�l�e�d� �p�a�r�t�s� 

�r�e�t�r�i�e�v�e�d� �b�y� �t�h�e� �f�i�e�l�d� �t�e�c�h�n�i�c�i�a�n�s� �w�o�u�l�d� �b�e� �c�y�c�l�e�d� �b�a�c�k� �t�o� �t�h�e� �d�e�p�o�t� �f�a�c�i�l�i�t�y� �f�o�r� 

�r�e�p�a�i�r� �i�f� �n�o�t� �s�e�r�v�i�c�e�a�b�l�e� �a�t� �t�h�e� �B�M�F� �w�h�i�c�h� �w�o�u�l�d� �h�a�v�e� �s�o�m�e� �A�u�t�o�m�a�t�e�d� �T�e�s�t� 

�E�q�u�i�p�m�e�n�t� �(�A�T�E�)�.� �B�M�F�s� �w�o�u�l�d� �r�e�q�u�i�r�e� �a� �m�e�a�n�s� �o�f� �d�e�p�l�o�y�i�n�g� �f�i�e�l�d� �t�e�c�h�n�i�c�i�a�n�s� �t�o� 

�l�o�c�a�t�i�o�n�s� �w�o�r�l�d�-�w�i�d�e� �i�n�c�l�u�d�i�n�g� �a�t�-�s�e�a�.� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�m�e�d�i�a�t�e� �m�a�i�n�t�e�n�a�n�c�e� 

�r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �s�y�s�t�e�m� �s�e�g�m�e�n�t� �a�s� �q�u�a�l�i�f�i�e�d� �t�e�c�h�n�i�c�i�a�n�s� �w�o�u�l�d� �b�e� �o�n�-� 

�h�a�n�d� �o�p�e�r�a�t�i�o�n�a�l�l�y�.� �T�h�e� �s�a�t�e�l�l�i�t�e� �s�y�s�t�e�m� �s�e�g�m�e�n�t� �w�o�u�l�d� �c�o�n�s�i�s�t� �m�o�s�t�l�y� �o�f� 

�o�p�e�r�a�t�i�o�n�a�l� �m�a�i�n�t�e�n�a�n�c�e� �t�h�r�o�u�g�h� �a�u�t�o�m�a�t�e�d� �o�n�-�b�o�a�r�d� �s�y�s�t�e�m�s� �o�r� �v�i�a� �r�e�m�o�t�e� 

�c�o�n�t�r�o�l� �t�h�r�o�u�g�h� �t�h�e� �c�o�n�t�r�o�l� �s�e�g�m�e�n�t�.� �T�h�e�r�e� �w�o�u�l�d� �b�e� �s�o�m�e� �l�e�v�e�l� �o�f� �i�n�t�e�r�m�e�d�i�a�t�e� 
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�m�a�i�n�t�e�n�a�n�c�e� �f�o�r� �t�h�e� �s�a�t�e�l�l�i�t�e� �s�y�s�t�e�m� �b�a�c�k� �f�r�o�m� �t�h�e� �p�a�y�l�o�a�d� �i�n�t�e�g�r�a�t�i�o�n� �p�h�a�s�e� 

�w�h�i�c�h� �w�o�u�l�d� �b�e� �s�u�p�p�o�r�t�e�d� �b�y� �t�e�c�h�n�i�c�i�a�n�s� �p�r�o�v�i�d�i�n�g� �f�e�e�d�b�a�c�k� �i�n�t�o� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� 

�s�y�s�t�e�m�.� �B�a�s�e� �s�t�a�t�i�o�n�s� �f�o�r� �a� �p�o�t�e�n�t�i�a�l� �c�e�l�l�u�l�a�r� �s�e�g�m�e�n�t� �o�f� �t�h�e� �b�r�o�a�d�b�a�n�d� �m�o�b�i�l�e� 

�s�y�s�t�e�m� �w�o�u�l�d� �b�e� �p�e�r�i�o�d�i�c�a�l�l�y� �i�n�s�p�e�c�t�e�d� �o�n�-�s�i�t�e� �a�n�d� �w�o�u�l�d� �b�e� �r�e�p�a�i�r�e�d� �b�y� �f�i�e�l�d� 

�t�e�c�h�n�i�c�i�a�n�s� �i�n� �c�a�s�e� �o�f� �f�a�i�l�u�r�e�.� 

�D�e�p�o�t� �M�a�i�n�t�e�n�a�n�c�e�.� �T�h�e� �D�e�p�o�t� �l�e�v�e�l� �m�a�i�n�t�e�n�a�n�c�e� �w�o�u�l�d� �b�e� 

�p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �a�c�t�u�a�l� �t�e�r�m�i�n�a�l� �m�a�n�u�f�a�c�t�u�r�e�r�s� �f�o�r� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� 

�a�n�d� �t�r�a�n�s�m�i�s�s�i�o�n� �e�q�u�i�p�m�e�n�t� �(�f�o�r� �c�e�l�l�u�l�a�r� �b�a�s�e� �s�t�a�t�i�o�n�s�)�.� �F�a�i�l�e�d� �s�u�b�s�y�s�t�e�m�s� �o�r� 

�w�h�o�l�e� �t�e�r�m�i�n�a�l�s� �w�o�u�l�d� �b�e� �s�e�n�t� �t�o� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r� �b�y� �i�n�t�e�r�m�e�d�i�a�t�e� �m�a�i�n�t�e�n�a�n�c�e� 

�f�a�c�i�l�i�t�i�e�s� �w�h�o� �c�o�u�l�d� �n�o�t� �r�e�p�a�i�r� �a� �p�r�o�b�l�e�m� �o�r� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �u�s�e�r� �i�n� �t�h�e� �c�a�s�e� �o�f� �a� 

�c�r�i�t�i�c�a�l� �f�a�i�l�u�r�e�.� �T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �s�u�b�s�y�s�t�e�m�s� �o�f� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l� �s�h�o�u�l�d� �b�e� �s�u�c�h� �t�h�a�t� �d�e�p�o�t� �l�e�v�e�l� �r�e�p�a�i�r� �o�n� �w�h�o�l�e� �s�u�b�s�y�s�t�e�m�s� 

�s�h�o�u�l�d� �n�o�t� �b�e� �c�o�m�m�o�n�.� �T�h�e�r�e� �w�o�u�l�d� �b�e� �n�o� �d�e�p�o�t� �l�e�v�e�l� �m�a�i�n�t�e�n�a�n�c�e� �o�n� �t�h�e� 

�s�p�a�c�e� �s�e�g�m�e�n�t� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�.� �S�a�t�e�l�l�i�t�e�s� �w�i�t�h� �c�r�i�t�i�c�a�l� �f�a�i�l�u�r�e�s� 

�(�l�o�s�s� �o�f� �o�p�e�r�a�t�i�o�n�s�)� �w�o�u�l�d� �b�e� �r�e�p�l�a�c�e�d� �i�n� �o�r�b�i�t� �b�y� �s�p�a�r�e� �s�a�t�e�l�l�i�t�e�s�.� �D�e�p�e�n�d�i�n�g� 

�u�p�o�n� �f�i�n�a�l� �o�r�b�i�t� �t�y�p�e�/�n�e�i�g�h�t� �c�h�o�s�e�n�,� �t�h�e� �c�o�n�s�t�e�l�l�a�t�i�o�n� �w�i�l�l� �i�n�c�l�u�d�e� �a� �s�p�e�c�i�f�i�c� 

�n�u�m�b�e�r� �o�f� �o�n�-�o�r�b�i�t� �a�s� �w�e�l�l� �a�s� �o�n�-�g�r�o�u�n�d� �s�p�a�r�e� �s�a�t�e�l�l�i�t�e�s�.� 

�L�o�g�i�s�t�i�c� �S�u�p�p�o�r�t� �-� �O�t�h�e�r� �l�o�g�i�s�t�i�c� �e�l�e�m�e�n�t�s� �m�u�s�t� �a�l�s�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�n�d� 

�p�r�o�v�i�d�e�d� �d�u�r�i�n�g� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �d�e�s�i�g�n�,� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �d�e�p�l�o�y�m�e�n�t�.� 

�S�o�m�e� �o�f� �t�h�e�s�e� �i�t�e�m�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� 

�S�p�a�r�e� �P�a�r�t�s�.� �A�d�d�i�t�i�o�n�a�l� �L�R�U�s�,� �p�a�r�t�s�,� �a�n�d� �s�u�b�-�a�s�s�e�m�b�l�i�e�s� �s�h�o�u�l�d� 

�b�e� �p�l�a�n�n�e�d� �a�n�d� �m�a�n�u�f�a�c�t�u�r�e�d� �t�o� �p�r�o�v�i�d�e� �a�d�d�i�t�i�o�n�a�l� �p�a�r�t�s� �f�o�r� �t�h�e� �s�p�a�r�e� �s�u�p�p�l�y� 

�s�y�s�t�e�m�.� �S�p�a�r�i�n�g� �m�o�d�e�l�s� �s�h�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �a�n�a�l�y�z�e�d� �d�u�r�i�n�g� �t�h�e� �d�e�s�i�g�n� �o�f� 

�t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� �t�o� �i�d�e�n�t�i�f�y� �h�i�g�h� �f�a�i�l�u�r�e� �r�a�t�e� �a�n�d� �c�r�i�t�i�c�a�l� �s�y�s�t�e�m� 

�c�o�m�p�o�n�e�n�t�s� �w�h�i�c�h� �s�h�o�u�l�d� �b�e� �s�p�a�r�e�d�.� �L�a�r�g�e� �c�o�m�m�e�r�c�i�a�l� �o�r�g�a�n�i�z�a�t�i�o�n�s� �u�t�i�l�i�z�i�n�g� 

�t�h�e� �s�y�s�t�e�m� �m�a�y� �w�a�n�t� �t�o� �p�r�o�c�u�r�e� �a�d�d�i�t�i�o�n�a�l� �p�a�r�t�s� �t�o� �r�e�t�a�i�n� �o�n�-�b�o�a�r�d� �t�h�e� �p�l�a�t�f�o�r�m� 

�o�r� �a�t� �c�e�n�t�r�a�l� �h�u�b� �f�a�c�i�l�i�t�i�e�s�.� 

�D�o�c�u�m�e�n�t�a�t�i�o�n�.� �O�p�e�r�a�t�i�o�n�a�l� �a�n�d� �r�e�p�a�i�r� �d�o�c�u�m�e�n�t�a�t�i�o�n� �w�o�u�l�d� �n�e�e�d� 

�t�o� �b�e� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� �t�e�r�m�i�n�a�l� �m�a�n�u�f�a�c�t�u�r�e�r�s� �b�e�f�o�r�e� �d�e�p�l�o�y�m�e�n�t� �o�f� �t�h�e� �s�y�s�t�e�m�.� 

�A�n� �o�v�e�r�a�l�l� �t�e�c�h�n�i�c�a�l� �d�o�c�u�m�e�n�t� �o�n� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �s�h�o�u�l�d� �a�l�s�o� �b�e� 
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�d�e�v�e�l�o�p�e�d� �t�o� �s�u�p�p�o�r�t� �t�h�e� �t�r�a�i�n�i�n�g� �a�n�d� �r�e�f�e�r�e�n�c�e� �n�e�e�d�s� �o�f� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �a�n�d� 
�d�e�p�o�t� �f�a�c�i�l�i�t�i�e�s�.� �T�e�r�m�i�n�a�l� �o�p�e�r�a�t�i�o�n�a�l� �m�a�n�u�a�l�s� �s�h�o�u�l�d� �b�e� �w�r�i�t�t�e�n� �a�t� �a� �n�o�n�-� 
�t�e�c�h�n�i�c�a�l� �l�e�v�e�l� �f�o�r� �t�h�e� �p�o�t�e�n�t�i�a�l� �n�o�n�-�t�e�c�h�n�i�c�a�l� �s�y�s�t�e�m� �o�p�e�r�a�t�o�r�s�.� �O�p�e�r�a�t�i�o�n�a�l� 

�m�a�n�u�a�l�s� �f�o�r� �t�h�e� �s�y�s�t�e�m� �c�o�n�t�r�o�l� �s�e�g�m�e�n�t� �m�u�s�t� �a�l�s�o� �b�e� �d�e�v�e�l�o�p�e�d�.� �T�h�e�s�e� 

�m�a�n�u�a�l�s� �c�a�n� �b�e� �m�o�r�e� �t�e�c�h�n�i�c�a�l�l�y� �o�r�i�e�n�t�e�d� �a�n�d� �m�a�y� �t�a�k�e� �t�h�e� �f�o�r�m� �o�f� �o�p�e�r�a�t�i�o�n�a�l� 

�p�r�o�c�e�d�u�r�e� �m�a�n�u�a�l�s� �a�n�d� �w�i�r�i�n�g� �d�i�a�g�r�a�m�s�.� 

�P�H�S�&�T�.� �P�a�c�k�a�g�i�n�g�,� �H�a�n�d�l�i�n�g�,� �S�h�i�p�p�i�n�g�,� �a�n�d� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�(�P�H�S�&�T�)� �e�l�e�m�e�n�t�s� �m�u�s�t� �a�l�s�o� �b�e� �a�d�d�r�e�s�s�e�d� �d�u�r�i�n�g� �d�e�s�i�g�n�.� �T�h�i�s� �i�s� �o�f� �p�a�r�t�i�c�u�l�a�r� 

�i�m�p�o�r�t�a�n�c�e� �t�o� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�a�t�e�i�l�i�t�e� �s�y�s�t�e�m� �w�h�i�c�h� �m�u�s�t� �b�e� �s�a�f�e�l�y� 

�t�r�a�n�s�p�o�r�t�e�d� �t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �l�a�u�n�c�h� �f�a�c�i�l�i�t�y� �a�n�d� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �t�h�e� �l�a�u�n�c�h� 

�v�e�h�i�c�l�e�s� �p�a�y�l�o�a�d�.� �T�h�e� �s�a�t�e�l�l�i�t�e ��s� �p�n�y�s�i�c�a�l� �a�n�d� �p�a�c�k�a�g�i�n�g� �d�e�s�i�g�n� �m�u�s�t� �t�a�k�e� �t�h�e�s�e� 

�i�s�s�u�e�s� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� �M�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �t�e�r�m�i�n�a�l�s� �s�h�o�u�l�d� �b�e� �p�a�c�k�a�g�e�d� 

�s�u�c�h� �t�h�a�t� �p�h�y�s�i�c�a�l� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �d�u�r�i�n�g� �s�h�i�p�p�i�n�g� �d�o� �n�o�t� �e�x�c�e�e�d� 

�t�h�o�s�e� �p�l�a�n�n�e�d� �f�o�r� �o�p�e�r�a�t�i�o�n�s�.� �T�e�r�m�i�n�a�l� �P�H�S�&�T� �f�r�o�m� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r� �t�o� �s�a�l�e�s� 

�f�a�c�i�l�i�t�i�e�s� �a�n�d�/�o�r� �u�s�e�r�s� �l�o�c�a�t�i�o�n�s�,� �a�s� �w�e�l�l� �a�s� �f�r�o�m� �u�s�e�r�s� �b�a�c�k� �t�o� �t�h�e� �B�M�F�s� �a�n�d� 

�d�e�p�o�t�,� �m�u�s�t� �b�e� �a�d�d�r�e�s�s�e�d�.� 

�T�r�a�i�n�i�n�g�.� �O�p�e�r�a�t�i�o�n�s� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �t�r�a�i�n�i�n�g� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �f�o�r� 

�a�l�l� �t�h�r�e�e� �s�e�g�m�e�n�t�s� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�.� �T�e�r�m�i�n�a�l� �o�p�e�r�a�t�i�o�n�s� 

�t�r�a�i�n�i�n�g� �c�o�u�l�d� �b�e� �c�o�n�d�u�c�t�e�d� �a�t� �t�h�e� �t�e�r�m�i�n�a�l� �m�a�n�u�f�a�c�t�u�r�e�r�s� �f�a�c�i�l�i�t�y� �o�r� �o�n�-�s�i�t�e� �a�f�t�e�r� 

�s�y�s�t�e�m� �i�n�s�t�a�l�l�a�t�i�o�n� �v�i�a� �O�n�-�t�h�e�-�J�o�b� �T�r�a�i�n�i�n�g� �(�O�J�T�)�.� �M�a�i�n�t�e�n�a�n�c�e� �t�r�a�i�n�i�n�g� �w�o�u�l�d� 

�b�e� �c�o�n�d�u�c�t�e�d� �a�t� �t�h�e� �t�e�r�m�i�n�a�l� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �a�t� �B�M�F� �s� �(�a�f�t�e�r� 

�s�p�e�c�i�f�i�c� �s�t�a�f�f� �m�e�m�b�e�r�s� �a�r�e� �s�u�f�f�i�c�i�e�n�t�l�y� �t�r�a�i�n�e�d�)�.� �O�p�e�r�a�t�i�o�n�s� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� 

�t�r�a�i�n�i�n�g� �f�o�r� �t�h�e� �s�y�s�t�e�m� �c�o�n�t�r�o�l� �a�n�d� �s�a�t�e�l�l�i�t�e� �s�e�g�m�e�n�t�s� �w�o�u�l�d� �b�e� �t�a�u�g�h�t� �o�n�-�s�i�t�e� �a�t� 

�t�h�e� �m�a�i�n� �s�y�s�t�e�m� �c�o�n�t�r�o�l� �f�a�c�i�l�i�t�y�.� 

�T�e�s�t� �E�q�u�i�p�m�e�n�t�.� �S�p�e�c�i�a�l� �t�e�s�t� �e�q�u�i�p�m�e�n�t� �m�a�y� �n�e�e�d� �t�o� �b�e� 

�d�e�v�e�l�o�p�e�d� �o�r� �p�r�o�c�u�r�e�d� �t�o� �m�e�e�t� �t�h�e� �u�n�i�q�u�e� �n�e�e�d�s� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�s�y�s�t�e�m�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� �a�n�y� �R�F� �t�e�s�t� �e�q�u�i�p�m�e�n�t� �r�e�q�u�i�r�e�d� �m�a�y� �n�o�t� �b�e� �r�e�a�d�i�l�y� 

�a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� �m�a�r�k�e�t� �s�i�n�c�e� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �f�r�e�q�u�e�n�c�y� �r�a�n�g�e� �m�a�y� �b�e� 

�u�n�i�q�u�e�.� �I�n�v�e�s�t�i�g�a�t�i�o�n� �i�n�t�o� �t�h�i�s� �a�r�e�a� �s�h�o�u�l�d� �o�c�c�u�r� �e�a�r�l�y� �e�n�o�u�g�h� �i�n�t�o� �t�h�e� �m�o�b�i�l�e� 

�b�r�o�a�d�b�a�n�d� �d�e�s�i�g�n� �t�o� �i�d�e�n�t�i�f�y� �s�p�e�c�i�a�l� �t�e�s�t� �e�q�u�i�p�m�e�n�t� �n�e�e�d�e�d� �f�o�r� �t�h�e� �t�e�s�t� �a�n�d� 

�c�h�e�c�k�o�u�t�,� �o�p�e�r�a�t�i�o�n�,� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m�.� 
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�M�a�i�n�t�e�n�a�n�c�e� �E�f�f�e�c�t�i�v�e�n�e�s�s� �-� �T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �s�y�s�t�e�m� �s�u�p�p�o�r�t� 

�C�a�p�a�b�i�l�i�t�y� �s�h�o�u�l�d� �m�e�e�t� �t�h�e� �M�T�T�R� �o�f� �1� �h�o�u�r� �a�n�d� �m�a�i�n�t�a�i�n� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� 

�a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �e�a�c�h� �o�f� �t�h�e� �t�e�r�m�i�n�a�l� �s�y�s�t�e�m�s�.� �O�t�h�e�r� �r�e�q�u�i�r�e�m�e�n�t�s� �w�h�i�c�h� �c�o�u�l�d� �b�e� 

�s�p�e�c�i�f�i�e�d� �i�n�c�l�u�d�e� �s�u�p�p�l�y� �e�f�f�i�c�i�e�n�c�y� �a�n�d� �p�e�r�s�o�n�n�e�l� �e�f�f�i�c�i�e�n�c�y�;� �h�o�w�e�v�e�r�,� �t�h�e�s�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �w�o�u�l�d� �b�e�s�t� �b�e� �s�e�t� �b�y� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �t�e�r�m�i�n�a�l� �m�a�n�u�f�a�c�t�u�r�e�r�s�.� 

�P�r�e�l�i�m�i�n�a�r�y� �S�y�s�t�e�m�s� �A�n�a�l�y�s�i�s� 

�P�r�e�l�i�m�i�n�a�r�y� �s�y�s�t�e�m�s� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �w�i�l�l� �i�n�c�l�u�d�e� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�y�s�t�e�m� �a�l�t�e�r�n�a�t�i�v�e�s�,� �d�e�f�i�n�i�t�i�o�n� �o�f� �e�v�a�l�u�a�t�i�o�n� �c�r�i�t�e�r�i�a�,� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �s�y�s�t�e�m� �m�o�d�e�l�s�,� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s�.� �T�h�e� �p�r�o�b�l�e�m� �a�t� �h�a�n�d� �i�s� 

�a�s�s�u�m�e�d� �t�o� �h�a�v�e� �b�e�e�n� �a�d�e�q�u�a�t�e�l�y� �d�e�f�i�n�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�s�.� 

�A�l�t�e�r�n�a�t�i�v�e�s� �-� �B�a�s�e�d� �u�p�o�n� �t�h�e� �f�e�a�s�i�b�l�e� �a�p�p�r�o�a�c�h�e�s� �i�d�e�n�t�i�f�i�e�d� �e�a�r�l�i�e�r� �a�n�d� 

�t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �d�e�f�i�n�e�d�,� �t�h�e�r�e� �a�r�e� �f�o�u�r� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� 

�a�l�t�e�r�n�a�t�i�v�e�s� �w�h�i�c�h� �w�i�l�l� �b�e� �c�o�n�s�i�d�e�r�e�d�:� 

�1�)� �L�E�O� �S�a�t�e�l�l�i�t�e� �S�y�s�t�e�m� 

�2�)� �M�E�O� �S�a�t�e�l�l�i�t�e� �S�y�s�t�e�m� 

�3�)� �H�y�b�r�i�d� �L�E�O�/�C�e�l�l�u�l�a�r� �S�y�s�t�e�m� 

�4�)� �H�y�b�r�i�d� �M�E�O�/�C�e�l�l�u�l�a�r� �S�y�s�t�e�m� 

�T�h�e� �h�y�b�r�i�d� �s�y�s�t�e�m�s� �a�r�e� �t�h�o�s�e� �w�h�i�c�h� �u�t�i�l�i�z�e� �a� �c�e�l�l�u�l�a�r� �s�e�g�m�e�n�t� �t�o� �s�u�p�p�o�r�t� 

�l�a�n�d� �a�n�d� �a�e�r�o�n�a�u�t�i�c�a�l� �(�o�v�e�r� �l�a�n�d�)� �p�l�a�t�f�o�r�m�s� �a�n�d� �a� �s�a�t�e�l�l�i�t�e� �s�e�g�m�e�n�t� �t�o� �s�u�p�p�o�r�t� 

�m�a�r�i�t�i�m�e� �a�n�d� �a�e�r�o�n�a�u�t�i�c�a�l� �(�o�v�e�r� �w�a�t�e�r�)� �p�l�a�t�f�o�r�m�s� �i�n� �a�n� �i�n�t�e�g�r�a�t�e�d� �m�a�n�n�e�r�.� �T�h�e� 

�d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e�s�e� �a�l�t�e�r�n�a�t�i�v�e�s� �i�s� �b�a�s�e�d� �o�n� �a� �s�i�n�g�l�e� �c�o�m�p�a�n�y�/�e�n�t�i�t�y� �s�o�l�u�t�i�o�n� �t�o� 

�t�h�i�s� �d�e�f�i�c�i�e�n�c�y� �(�i�.�e�.�,� �s�i�n�g�l�e�  ��s�y�s�t�e�m �� �s�o�l�u�t�i�o�n�)�.� 

�E�v�a�l�u�a�t�i�o�n� �C�r�i�t�e�r�i�a� �-� �T�h�e�r�e� �a�r�e� �m�a�n�y� �s�y�s�t�e�m� �d�e�s�i�g�n� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� 

�p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �c�o�u�l�d� �b�e� �c�h�o�s�e�n� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �a�t� 

�e�a�c�h� �o�f� �t�h�e� �v�a�r�i�o�u�s� �d�e�s�i�g�n� �s�t�a�g�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �a�t� �t�h�e� �d�e�t�a�i�l�e�d� �d�e�s�i�g�n� �l�e�v�e�l�,� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �a�l�l� �r�e�l�e�v�a�n�t� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �s�h�o�u�l�d� �b�e� �a�n�a�l�y�z�e�d� �t�o� �e�n�s�u�r�e� 

�t�h�e�y� �a�r�e� �s�a�t�i�s�f�i�e�d�.� �A�t� �t�h�e� �s�y�s�t�e�m� �l�e�v�e�l� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �e�n�t�i�r�e� �d�e�v�e�l�o�p�m�e�n�t� 

�c�y�c�l�e�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �k�e�y� �c�r�i�t�e�r�i�a� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �w�i�l�l� �b�e� �a�s�s�e�s�s�e�d�:� 
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�1�)� �S�y�s�t�e�m� �T�h�r�o�u�g�h�p�u�t� 

�2�)� �S�y�s�t�e�m� �D�e�l�a�y� 

�3�)� �S�y�s�t�e�m� �A�v�a�i�l�a�b�i�l�i�t�y� 

�4�)� �S�y�s�t�e�m� �C�o�m�p�l�e�x�i�t�y� 

�5�)� �S�y�s�t�e�m� �C�o�s�t�s� 

�T�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �e�n�c�o�m�p�a�s�s� �m�a�n�y� �o�t�h�e�r� �s�y�s�t�e�m� �a�t�t�r�i�b�u�t�e�s� �(�e�.�g�.� �s�a�t�e�l�l�i�t�e� 

�c�o�s�t� �i�n�c�l�u�d�e�d� �i�n� �u�t�i�l�i�z�a�t�i�o�n� �c�o�s�t�)� �a�n�d� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �t�h�e� �k�e�y� �a�t�t�r�i�b�u�t�e�s� �i�n� 

�d�e�f�i�n�i�n�g� �u�l�t�i�m�a�t�e� �s�y�s�t�e�m� �p�r�o�f�i�t�a�b�i�l�i�t�y�.� �S�y�s�t�e�m� �d�e�l�a�y� �a�n�d� �v�a�r�i�a�t�i�o�n� �e�n�c�o�m�p�a�s�s�e�s� 

�a�l�l� �s�i�g�n�a�l� �p�r�o�c�e�s�s�i�n�g�,� �r�o�u�t�i�n�g�,� �a�n�d� �q�u�e�u�i�n�g� �d�e�l�a�y�s� �d�e�s�i�g�n�e�d� �i�n�t�o� �t�h�e� �s�y�s�t�e�m� �a�n�d� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �n�e�t�w�o�r�k� �r�o�u�t�i�n�g� �c�o�n�t�r�o�l�.� �D�e�l�a�y� �v�a�r�i�a�t�i�o�n� �i�s� 

�i�m�p�o�r�t�a�n�t� �i�n� �t�h�a�t� �i�n�d�i�v�i�d�u�a�l�l�y� �r�o�u�t�e�d� �c�e�l�l�s� �s�h�o�u�l�d� �v�a�r�y� �n�o� �m�o�r�e� �t�h�a�n� �1�0� �m�s� �t�o� 

�e�n�s�u�r�e� �t�h�a�t� �a�u�d�i�o� �a�n�d� �v�i�d�e�o� �c�o�m�p�o�n�e�n�t�s� �(�a�s� �w�e�l�l� �a�s� �o�t�h�e�r� �r�e�l�a�t�e�d� �g�r�a�p�h�i�c�s� �a�n�d� 

�d�a�t�a�)� �m�a�i�n�t�a�i�n� �s�y�n�c� �f�r�o�m� �a� �u�s�e�r� �p�e�r�s�p�e�c�t�i�v�e�.� �T�h�i�s� �i�s� �t�h�e� �t�y�p�e� �o�f� �p�a�r�a�m�e�t�e�r� �t�h�a�t� 

�w�o�u�l�d� �h�e�l�p� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�y�s�t�e�m�s� �M�e�a�n� �O�p�i�n�i�o�n� �S�c�o�r�e� �(�M�O�S�)�,� �w�h�i�c�h� �i�s� �a� 

�r�e�l�a�t�i�v�e� �u�s�e�r� �s�c�a�l�e� �f�o�r� �a�s�s�e�s�s�i�n�g� �t�h�e� �q�u�a�l�i�t�y� �o�f� �a�u�d�i�o�-�v�i�s�u�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �[�6�]�.� 

�T�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �w�i�l�l� �b�e� �u�t�i�l�i�z�e�d� �i�n�i�t�i�a�l�l�y� �i�n� �e�v�a�l�u�a�t�i�n�g� �s�y�s�t�e�m� �a�l�t�e�r�n�a�t�i�v�e�s� �a�n�d� 

�s�h�o�u�l�d� �b�e� �r�e�-�e�v�a�l�u�a�t�e�d� �a�t� �k�e�y� �d�e�v�e�l�o�p�m�e�n�t� �p�o�i�n�t�s� �f�o�r� �d�e�s�i�g�n� �(�e�.�g�.� �a�l�l� �d�e�s�i�g�n� 

�r�e�v�i�e�w�s�)� �a�n�d� �f�o�r� �b�u�s�i�n�e�s�s� �(�e�.�g�.� �f�i�n�a�n�c�e� �m�a�r�k�e�t�i�n�g�)� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� 

�S�y�s�t�e�m� �M�o�d�e�l�i�n�g� �-� �D�u�e� �t�o� �t�h�e� �l�e�n�g�t�h�y� �l�e�a�d�-�t�i�m�e� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �f�i�n�a�n�c�e�s� 

�r�e�q�u�i�r�e�d� �b�e�f�o�r�e� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �c�a�n� �r�e�a�l�i�z�e� �p�r�o�f�i�t�s�,� �s�y�s�t�e�m� 

�m�o�d�e�l�i�n�g� �i�s� �a� �c�r�i�t�i�c�a�l� �e�l�e�m�e�n�t� �o�f� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t�.� �M�o�d�e�l�i�n�g� �m�u�s�t� �n�o�t� �b�e� 

�l�i�m�i�t�e�d� �t�o� �t�e�c�h�n�i�c�a�l� �s�y�s�t�e�m� �o�r� �s�u�b�-�s�y�s�t�e�m� �p�a�r�a�m�e�t�e�r�s�.� �W�h�a�t� �i�s� �n�e�e�d�e�d� �t�o� 

�e�n�s�u�r�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �p�r�o�f�i�t�a�b�l�e� �s�y�s�t�e�m� �i�s� �a� �c�o�m�p�l�e�t�e� �s�y�s�t�e�m� �p�l�a�n�n�i�n�g� 

�m�o�d�e�l� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �o�r� �c�o�n�s�i�d�e�r�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �[�3�7�]�:� 

�1�)� �K�e�y� �t�e�c�h�n�i�c�a�l� �p�a�r�a�m�e�t�e�r� �t�r�a�d�e�o�f�f�s� 

�2�)� �O�p�e�r�a�t�i�o�n�a�l� �c�a�p�a�b�i�l�i�t�i�e�s�/�p�e�r�f�o�r�m�a�n�c�e� 

�3�)� �M�a�r�k�e�t� �I�n�f�l�u�e�n�c�e�s� 

�4�)� �P�h�y�s�i�c�a�l� �a�n�d� �r�e�g�u�l�a�t�o�r�y� �c�o�n�s�t�r�a�i�n�t�s� 

�5�)� �A�l�l� �L�i�f�e� �C�y�c�l�e� �C�o�s�t� �(�L�C�C�)� �C�o�m�p�o�n�e�n�t�s� 
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�A� �c�o�n�c�e�p�t�u�a�l� �s�y�s�t�e�m� �m�o�d�e�l� �e�n�c�o�m�p�a�s�s�i�n�g� �m�a�n�y� �o�f� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �f�o�r� �a� 

�S�A�T�C�O�M� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.� 

�T�h�i�s� �m�o�d�e�l� �d�e�p�i�c�t�s� �t�h�e� �k�e�y� �s�y�s�t�e�m� �v�a�r�i�a�b�l�e�s� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �i�n� �t�h�e� �a�r�e�a�s� 

�d�i�s�c�u�s�s�e�d� �a�b�o�v�e� �a�n�d� �t�h�e�i�r� �c�a�u�s�a�l� �i�n�t�e�r�a�c�t�i�o�n�s�.� �T�h�i�s� �d�i�a�g�r�a�m� �c�a�n� �b�e� �u�s�e�d� �t�o� 

�i�d�e�n�t�i�f�y� �k�e�y� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �a�n�d� �s�y�s�t�e�m� �i�n�t�e�r�a�c�t�i�o�n�s� �w�h�i�c�h� �m�u�s�t� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �m�o�d�i�f�y�i�n�g� �c�e�r�t�a�i�n� �a�s�p�e�c�t�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� �T�h�i�s� �m�o�d�e�l� �c�o�u�l�d� 

�a�l�s�o� �b�e� �u�s�e�d� �t�o� �d�e�f�i�n�e� �t�h�e� �i�m�p�a�c�t� �o�f� �c�h�a�n�g�e�s� �i�n� �m�a�r�k�e�t� �d�e�m�a�n�d�s� �(�a�n�d� 

�s�u�b�s�e�q�u�e�n�t� �o�p�e�r�a�t�i�o�n�a�l� �p�a�r�a�m�e�t�e�r� �c�h�a�n�g�e�s�)� �o�v�e�r� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�p�e�r�i�o�d�.� �S�i�n�c�e� �t�h�e� �i�n�i�t�i�a�l� �s�y�s�t�e�m� �d�e�s�i�g�n� �i�s� �t�o� �f�u�l�f�i�l�l� �p�r�o�j�e�c�t�e�d� �m�a�r�k�e�t� �/�o�p�e�r�a�t�i�o�n�a�l� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �t�h�i�s� �i�s� �c�o�n�s�i�d�e�r�e�d� �e�s�s�e�n�t�i�a�l�.� 

�F�o�r� �t�h�e� �s�a�k�e� �o�f� �s�i�m�p�l�i�c�i�t�y�,� �t�h�e� �s�y�s�t�e�m� �c�o�n�t�r�o�l�,� �s�a�t�e�l�l�i�t�e�,� �a�n�d� �t�e�r�m�i�n�a�l� 

�c�o�m�p�l�e�x�i�t�y� �v�a�r�i�a�b�l�e�s� �a�r�e� �u�s�e�d� �t�o� �i�n�c�l�u�d�e� �m�a�n�y� �a�d�d�i�t�i�o�n�a�l� �d�e�s�i�g�n� 

�v�a�r�i�a�b�l�e�s�/�d�e�c�i�s�i�o�n�s�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�S�y�s�t�e�m� �(�a�l�l�)�:� �M�o�d�u�l�a�t�i�o�n�/�E�n�c�o�d�i�n�g� 

�E�r�r�o�r� �D�e�t�e�c�t�i�o�n�/�c�o�r�r�e�c�t�i�o�n� �s�c�h�e�m�e� 

�A�c�c�e�s�s� �m�e�t�h�o�d�o�l�o�g�y� 

�S�y�s�t�e�m� �C�o�n�t�r�o�l�:� �C�o�n�t�r�o�l� �C�o�n�c�e�p�t� �(�c�e�n�t�r�a�l�i�z�e�d�,� �d�i�s�t�r�i�b�u�t�e�d�,� �e�t�c�.�)� 

�C�o�n�t�r�o�l� �t�e�r�m�i�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �(�q�u�a�n�t�i�t�y�,� �r�e�q�s�,� �e�t�c�.�)� 

�N�e�t�w�o�r�k� �M�a�n�a�g�e�m�e�n�t� �c�a�p�a�b�i�l�i�t�i�e�s�/�r�e�q�s� �(�s�o�f�t�w�a�r�e�)� 

�S�a�t�e�l�l�i�t�e�:� �O�n�-�B�o�a�r�d� �P�r�o�c�e�s�s�i�n�g� �c�a�p�a�b�i�l�i�t�y� 

�A�n�t�e�n�n�a� �t�e�c�h�n�o�l�o�g�y�/�c�o�m�p�l�e�x�i�t�y� 

�M�i�c�r�o�w�a�v�e� �c�o�m�p�o�n�e�n�t� �t�e�c�h�n�o�l�o�g�y�/�c�o�m�p�l�e�x�i�t�y� 

�P�o�w�e�r� �S�u�b�s�y�s�t�e�m� �c�o�m�p�l�e�x�i�t�y� 

�C�o�m�m�a�n�d� �&� �C�o�n�t�r�o�l� �(�C�2�)� �s�y�s�t�e�m� �c�o�m�p�l�e�x�i�t�y� 

�T�e�r�m�i�n�a�l�:� �B�u�i�l�t�-�i�n� �P�r�o�c�e�s�s�i�n�g� �c�a�p�a�b�i�l�i�t�y� 

�A�n�t�e�n�n�a� �t�e�c�h�n�o�l�o�g�y�/�c�o�m�p�l�e�x�i�t�y� 

�M�i�c�r�o�w�a�v�e� �c�o�m�p�o�n�e�n�t� �t�e�c�h�n�o�l�o�g�y�/�c�o�m�p�l�e�x�i�t�y� 

�D�a�t�a� �I�n�t�e�r�f�a�c�e�s� 
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�T�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� �f�u�l�l�y� �d�e�f�i�n�e�d� �d�u�r�i�n�g� �a�c�t�u�a�l� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n� �a�n�d� 
�o�p�t�i�m�a�l�l�y� �s�o�l�v�e�d� �u�s�i�n�g� �g�e�o�m�e�t�r�i�c� �p�r�o�g�r�a�m�m�i�n�g� �m�e�t�h�o�d�s� �(�d�e�e�m�e�d� �o�u�t�-�o�f�-�s�c�o�p�e� 
�f�o�r� �t�h�i�s� �r�e�p�o�r�t�)�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�i�s� �m�o�d�e�l� �c�o�u�l�d� �b�e� �s�y�s�t�e�m� �p�r�o�f�i�t�a�b�i�l�i�t�y� 

�w�i�t�h� �t�h�e� �k�e�y� �v�a�r�i�a�b�l�e�s� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s� �t�o� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�V�a�r�i�a�b�l�e�s�:� �F�r�e�q�u�e�n�c�y� 

�O�r�b�i�t� 

�B�W� 

�S�a�t�e�l�l�i�t�e� �G�/�T� 

�S�a�t�e�l�l�i�t�e� �E�I�R�P� 

�T�e�r�m�i�n�a�l� �G�/�T� 

�T�e�r�m�i�n�a�l� �E�I�R�P� 

�C�o�n�s�t�r�a�i�n�t�s�:� �L�o�s�s� 

�D�o�p�p�l�e�r� 

�D�e�l�a�y� 

�P�o�w�e�r� 

�M�a�r�k�e�t� �D�e�m�a�n�d� 

�S�y�s�t�e�m� �c�o�s�t�s� �i�n�c�l�u�d�e� �t�h�o�s�e� �p�r�o�j�e�c�t�e�d� �f�o�r� �a�l�l� �p�h�a�s�e�s� �o�f� �t�h�e� �s�y�s�t�e�m�s� �l�i�f�e� 

�c�y�c�l�e�.� �A� �L�i�f�e� �C�y�c�l�e� �C�o�s�t� �(�L�C�C�)� �b�r�e�a�k�d�o�w�n� �s�t�r�u�c�t�u�r�e� �c�o�n�s�i�d�e�r�i�n�g� �a�l�l� �c�o�s�t� 

�e�l�e�m�e�n�t�s� �i�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �7� �[�1�]�.� �S�y�s�t�e�m� �c�o�s�t� �c�a�n� �b�e� �b�r�o�k�e�n� �o�u�t� �i�n�t�o� �f�o�u�r� 

�m�a�j�o�r� �c�a�t�e�g�o�r�i�e�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �f�o�u�r� �m�a�i�n� �p�h�a�s�e�s� �o�f� �t�h�e� �s�y�s�t�e�m� �l�i�f�e� �c�y�c�l�e�:� 

�d�e�v�e�l�o�p�m�e�n�t�,� �p�r�o�d�u�c�t�i�o�n�,� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�,� �a�n�d� �o�p�e�r�a�t�i�o�n�s� �&� �m�a�i�n�t�e�n�a�n�c�e�.� �M�a�j�o�r� 

�c�o�s�t� �d�r�i�v�e�r�s� �e�x�p�e�c�t�e�d� �f�o�r� �t�h�e� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �s�y�s�t�e�m� �w�o�u�l�d� �b�e� �s�y�s�t�e�m� 

�p�r�o�t�o�t�y�p�e� �d�e�v�e�l�o�p�m�e�n�t� �&� �t�e�s�t�,� �s�a�t�e�l�l�i�t�e� �[�a�u�n�c�h� �a�n�d� �i�n�s�u�r�a�n�c�e� �(�i�n�c�l�u�d�i�n�g� 

�r�e�p�l�e�n�i�s�h�m�e�n�t�)�,� �a�n�d� �a�p�p�r�o�v�a�l�/�l�i�c�e�n�s�i�n�g� �f�e�e�s�.� �T�h�e�s�e� �a�n�d� �o�t�h�e�r� �e�l�e�m�e�n�t�s� �w�i�l�l� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �d�u�r�i�n�g� �t�h�e� �s�y�s�t�e�m� �a�l�t�e�r�n�a�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �a�n�d� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

�L�C�C� �a�n�a�l�y�s�i�s� �p�r�e�s�e�n�t�e�d� �l�a�t�e�r�.� 

�O�t�h�e�r� �m�o�b�i�l�e� �b�r�o�a�d�b�a�n�d� �d�e�s�i�g�n� �m�o�d�e�l�s� �s�h�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �t�o� �a�n�a�l�y�z�e� 

�a�n�d� �t�r�a�d�e�o�f�f� �p�e�r�f�o�r�m�a�n�c�e� �p�a�r�a�m�e�t�e�r�s� �d�u�r�i�n�g� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� �a�n�d� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �p�r�e�l�i�m�i�n�a�r�y� �a�n�d� �d�e�t�a�i�l�e�d� �d�e�s�i�g�n� �p�h�a�s�e�s�.� �T�h�e�s�e� �i�n�c�l�u�d�e�:� 
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�1�)� �S�a�t�e�l�l�i�t�e� �c�o�n�s�t�e�l�l�a�t�i�o�n� �m�o�d�e�l� �(�c�o�v�e�r�a�g�e�,� �t�r�a�c�k�s�,� �e�t�c�.�)� 

�2�)� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�r�a�f�f�i�c� �m�o�d�e�l� �(�t�h�r�o�u�g�h�p�u�t�,� �b�l�o�c�k�i�n�g�,� 

�d�e�l�a�y�,� �e�t�c�.�)� 

�3�)� �S�a�t�e�l�l�i�t�e� �l�i�n�k� �m�o�d�e�l� �(�d�y�n�a�m�i�c� �l�i�n�k� �b�u�d�g�e�t� �a�n�a�l�y�s�i�s�)� 

�4�)� �A�c�q�u�i�s�i�t�i�o�n�/�t�r�a�c�k�i�n�g� �p�e�r�f�o�r�m�a�n�c�e� �m�o�d�e�l� �(�p�o�i�n�t�i�n�g� 

�c�o�n�t�r�o�l� �a�n�d� �f�r�e�q�u�e�n�c�y�/�t�i�m�e� �t�r�a�c�k�i�n�g� �a�n�a�l�y�s�i�s�)� 

�S�o�m�e� �e�l�e�m�e�n�t�s� �o�f� �t�h�e�s�e� �m�o�d�e�l�s� �w�i�l�l� �b�e� �u�t�i�l�i�z�e�d� �t�o� �a�n�a�l�y�z�e� �a�n�d� �e�v�a�l�u�a�t�e� 

�d�e�s�i�g�n� �t�r�a�d�e�o�f�f�s� �d�i�s�c�u�s�s�e�d� �h�e�r�e�a�f�t�e�r�.� �O�t�h�e�r� �t�r�a�d�e�o�f�f�s�/�a�n�a�l�y�s�e�s� �r�e�q�u�i�r�i�n�g� �t�h�e� �u�s�e� 

�o�f� �t�h�e�s�e� �m�o�d�e�l�s� �w�i�l�l� �b�e� �i�d�e�n�t�i�f�i�e�d� �w�n�e�r�e� �a�p�p�l�i�c�a�b�l�e�.� 

�A�l�t�e�r�n�a�t�i�v�e� �E�v�a�l�u�a�t�i�o�n� �-� �S�y�s�t�e�m� �a�l�t�e�r�n�a�t�i�v�e�s� �i�d�e�n�t�i�f�i�e�d� �d�u�r�i�n�g� �t�h�e� 

�f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �p�h�a�s�e� �w�i�l�l� �n�o�w� �b�e� �i�n�i�t�i�a�l�l�y� �e�v�a�l�u�a�t�e�d� �b�a�s�e�d� �u�p�o�n� �t�h�e� �c�r�i�t�e�r�i�a� �a�n�d� 

�m�o�d�e�l�s� �d�e�v�e�l�o�p�e�d� �a�b�o�v�e�.� �T�h�i�s� �e�v�a�l�u�a�t�i�o�n� �w�i�l�l� �b�e� �p�e�r�f�o�r�m�e�d� �a�t� �a� �q�u�a�l�i�t�a�t�i�v�e� �l�e�v�e�l� 

�t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �r�e�l�e�v�a�n�t� �q�u�a�n�t�i�t�a�t�i�v�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �T�a�b�l�e� �1�2� �d�e�p�i�c�t�s� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �a� �s�y�s�t�e�m� �a�l�t�e�r�n�a�t�i�v�e�s� �e�v�a�l�u�a�t�i�o�n� �b�a�s�e�d� �o�n� �a� �r�a�t�i�n�g� �i�n�d�i�c�a�t�o�r� �f�r�o�m� �o�n�e� 

�t�h�r�o�u�g�h� �f�i�v�e� �(�w�i�t�h� �o�n�e� �b�e�i�n�g� �t�h�e� �b�e�s�t�)�.� �E�a�c�h� �o�f� �t�h�e� �f�i�v�e� �m�a�j�o�r� �c�r�i�t�e�r�i�a� �h�a�v�e� �b�e�e�n� 

�s�u�b�d�i�v�i�d�e�d� �a�s� �a�p�p�r�o�p�r�i�a�t�e� �t�o� �f�u�l�l�y� �e�v�a�l�u�a�t�e� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s�.� �A�n� �o�v�e�r�a�l�l� 

�a�l�t�e�r�n�a�t�i�v�e� �r�a�t�i�n�g� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�i�s� �a�n�a�l�y�s�i�s� �(�s�u�b�j�e�c�t�i�v�e�l�y�,� �n�o�t� �m�a�t�h�e�m�a�t�i�c�a�l�l�y�)� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e�s�e� �c�r�i�t�e�r�i�a� �a�n�d� �a� �s�i�n�g�l�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �a�p�p�r�o�a�c�h�.� �A� �b�r�i�e�f� 

�d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �i�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� 

�t�h�a�t� �s�o�m�e� �o�f� �t�h�e� �r�a�t�i�n�g�s� �d�e�r�i�v�e�d� �t�h�r�o�u�g�h� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �a�r�e� �b�a�s�e�d� �u�p�o�n� 

�e�d�u�c�a�t�e�d� �a�s�s�u�m�p�t�i�o�n�s� �a�n�d� �j�u�d�i�c�i�o�u�s� �r�e�a�s�o�n�i�n�g�,� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �k�n�o�w�n� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �m�o�d�e�l�s�.� �A� �c�o�m�p�l�e�t�e� �q�u�a�n�t�i�t�a�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �w�o�u�l�d� �b�e� 

�r�e�q�u�i�r�e�d� �i�n� �o�r�d�e�r� �t�o� �u�n�d�e�n�i�a�b�l�y� �p�r�o�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�b�s�e�r�v�a�t�i�o�n�s� �a�n�d� 

�c�o�n�c�l�u�s�i�o�n�s�.� 

�B�a�s�e�d� �o�n� �c�o�s�t� �a�n�d� �c�o�m�p�l�e�x�i�t�y� �a�n�d� �t�h�e� �s�p�e�c�i�f�i�c� �n�e�e�d�s� �f�o�r� �t�h�i�s� �s�y�s�t�e�m�,� �t�h�e� 

�i�n�t�e�g�r�a�t�e�d� �h�y�b�r�i�d� �a�l�t�e�r�n�a�t�i�v�e�s� �a�r�e� �n�o�t� �s�e�l�e�c�t�e�d�.� �I�t� �i�s� �e�s�t�i�m�a�t�e�d� �(�b�a�s�e�d� �o�n� �L�C�C� 

�m�o�d�e�l�)� �t�h�a�t� �t�h�e� �i�n�c�r�e�a�s�e�d� �c�o�s�t� �d�u�e� �t�o� �r�e�q�u�i�r�e�d� �b�a�s�e� �s�t�a�t�i�o�n�s� �a�n�d� �t�h�e�i�r� �s�u�p�p�o�r�t�i�n�g� 

�n�e�t�w�o�r�k�,� �w�o�u�l�d� �n�o�t� �o�u�t�w�e�i�g�h� �t�h�e� �s�a�v�i�n�g�s� �f�o�u�n�d� �f�r�o�m� �p�o�t�e�n�t�i�a�l� �r�e�d�u�c�t�i�o�n� �i�n� 

�n�u�m�b�e�r� �o�f� �s�a�t�e�l�l�i�t�e�s� �(�t�h�e�r�e�b�y� �i�n�c�r�e�a�s�i�n�g� �c�o�s�t�s�)�.� �T�h�e�r�e� �i�s� �a�l�s�o� �e�x�p�e�c�t�e�d� �t�o� �b�e� �a�n� 

�e�x�t�r�e�m�e�l�y� �l�a�r�g�e� �l�a�n�d�-�b�a�s�e�d� �m�a�r�k�e�t� �d�e�m�a�n�d� �f�o�r� �l�o�w�-�e�n�d� �s�e�r�v�i�c�e�s�,� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 
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�t�i�m�e�f�r�a�m�e� �o�f� �2�0�0�8� �a�n�d� �a�s�s�u�m�i�n�g� �a�n� �e�i�g�h�t� �y�e�a�r� �d�e�v�e�l�o�p�m�e�n�t� �p�e�r�i�o�d�.� �T�h�i�s� �e�n�t�i�r�e� 

�s�c�h�e�d�u�l�e� �c�o�u�l�d� �b�e� �s�h�i�f�t�e�d� �b�y� �a�s� �m�u�c�h� �a�s� �s�e�v�e�n� �y�e�a�r�s� �l�a�t�e�r� �b�a�s�e�d� �o�n� �p�r�e�l�i�m�i�n�a�r�y� 

�s�u�b�j�e�c�t�i�v�e� �e�s�t�i�m�a�t�e�s�.� �T�h�e� �M�I�B�S�A�T� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �d�e�s�i�g�n�e�d� �t�h�r�o�u�g�h� �a� 

�p�h�a�s�e�d� �d�e�v�e�l�o�p�m�e�n�t� �c�y�c�l�e� �i�n� �o�r�d�e�r� �t�o� �s�e�g�m�e�n�t� �f�i�n�a�n�c�i�n�g� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �s�y�s�t�e�m� 

�i�n�t�o� �m�a�n�a�g�e�a�b�l�e� �l�o�t�s�.� �T�h�i�s� �d�e�v�e�l�o�p�m�e�n�t� �p�h�a�s�i�n�g� �w�o�u�l�d� �p�r�o�v�i�d�e� �a� �m�e�a�n�s� �f�o�r� �r�e�-� 

�a�s�s�e�s�s�i�n�g� �M�I�B�S�A�T� �f�e�a�s�i�b�i�l�i�t�y� �a�n�d� �m�a�r�k�e�t�a�b�i�l�i�t�y� �a�t� �k�e�y� �d�e�v�e�l�o�p�m�e�n�t� �p�o�i�n�t�s� �(�s�u�c�h� 

�a�s� �a�f�t�e�r� �k�e�y� �d�e�s�i�g�n� �r�e�v�i�e�w�s�)�.� 

�T�h�e� �M�I�B�S�A�T� �s�y�s�t�e�m� �d�e�v�e�l�o�p�e�r� �w�o�u�l�d� �d�e�s�i�g�n� �t�h�e� �o�v�e�r�a�l�l� �s�y�s�t�e�m� �a�n�d� 

�s�p�e�c�i�f�y� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �b�o�t�h� �t�h�e� �s�a�t�e�l�l�i�t�e� �a�n�d� �t�e�r�m�i�n�a�l� �s�y�s�t�e�m�s�.� �P�r�o�d�u�c�t�i�o�n� �o�f� 

�t�h�e� �s�a�t�e�l�l�i�t�e�s� �w�o�u�l�d� �m�o�s�t� �l�i�k�e�l�y� �b�e� �c�o�n�t�r�a�c�t�e�d� �t�o� �a� �s�a�t�e�l�l�i�t�e� �m�a�n�u�f�a�c�t�u�r�e�r�.� 

�P�r�o�d�u�c�t�i�o�n� �o�f� �a� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �e�a�r�t�h� �t�e�r�m�i�n�a�l�s� �w�o�u�l�d� �a�l�s�o� �b�e� �c�o�n�t�r�a�c�t�e�d� �o�u�t� �t�o� 

�h�e�l�p� �s�p�u�r� �t�h�e� �i�n�i�t�i�a�l� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�.� �Q�u�a�n�t�i�t�i�e�s� �o�f� �e�a�c�h� �p�l�a�t�f�o�r�m� 

�t�e�r�m�i�n�a�l� �c�o�n�f�i�g�u�r�a�t�i�o�n� �w�o�u�l�d� �b�e� �b�a�s�e�d� �o�n� �a� �d�e�t�a�i�l�e�d� �m�a�r�k�e�t� �a�n�a�l�y�s�i�s� �a�n�d� �b�u�d�g�e�t� 

�c�o�n�s�t�r�a�i�n�t�s�.� �D�u�e� �t�o� �t�h�e� �e�x�p�e�c�t�e�d� �t�r�a�n�s�i�t�i�o�n� �o�f� �u�s�e�r� �d�e�m�a�n�d� �(�i�.�e�.�,� �c�o�m�m�e�r�c�i�a�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �g�o�v�e�r�n�m�e�n�t�,� �e�t�c�.�)�,� �i�t� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �e�c�o�n�o�m�i�c�a�l� �t�o� �p�r�o�c�u�r�e� 

�p�o�r�t�a�b�l�e� �t�e�r�m�i�n�a�l�s� �i�n�i�t�i�a�l�l�y�.� �P�o�t�e�n�t�i�a�l� �d�e�m�a�n�d� �f�o�r� �t�h�e�s�e� �t�e�r�m�i�n�a�l�s� �w�o�u�l�d� �m�o�s�t� 

�l�i�k�e�l�y� �c�o�m�e� �l�a�t�e�r�.� �T�h�e� �M�I�B�S�A�T� �d�e�v�e�l�o�p�e�r� �w�o�u�l�d� �a�l�s�o� �d�e�s�i�g�n�,� �b�u�i�l�d�,� �a�n�d� �o�p�e�r�a�t�e� 

�t�h�e� �s�y�s�t�e�m� �c�o�n�t�r�o�l� �f�a�c�i�l�i�t�y�,� �a�s� �w�e�l�l� �a�s� �c�o�n�t�r�o�l� �o�v�e�r�a�l�l� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�.� 

�I�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �a�c�c�u�r�a�t�e� �d�e�s�i�g�n� �p�e�r�f�o�r�m�a�n�c�e� �d�a�t�a� �a�n�d� �d�e�m�o�n�s�t�r�a�t�e� 

�s�y�s�t�e�m� �f�u�n�c�t�i�o�n�a�l�i�t�y� �t�o� �p�o�t�e�n�t�i�a�l� �i�n�v�e�s�t�o�r�s� �a�n�d� �c�u�s�t�o�m�e�r�s�,� �a� �p�r�o�t�o�t�y�p�e� �s�a�t�e�l�l�i�t�e� 

�(�o�r� �s�a�t�e�l�l�i�t�e�s�)� �w�o�u�l�d� �a�i�s�o� �b�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �t�e�s�t�e�d� �d�u�r�i�n�g� �t�h�e� �d�e�t�a�i�l�e�d� �d�e�s�i�g�n� 

�p�h�a�s�e�.� �D�a�t�a� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�i�s� �t�e�s�t� �m�o�d�e�l� �w�o�u�l�d� �b�e� �u�s�e�d� �t�o� �f�i�n�a�l�i�z�e� �s�y�s�t�e�m� 

�d�e�s�i�g�n� �a�n�d� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �b�e�f�o�r�e� �f�i�n�a�l� �s�a�t�e�l�l�i�t�e� �a�n�d� �t�e�r�m�i�n�a�l� �p�r�o�d�u�c�t�i�o�n� �c�o�n�t�r�a�c�t�s� 

�w�e�r�e� �i�s�s�u�e�d�.� 

�L�i�f�e� �C�y�c�l�e� �C�o�s�t� �(�L�C�C�)�.� �I�n� �c�o�n�s�i�d�e�r�i�n�g� �a�n� �i�n�v�e�s�t�m�e�n�t� �s�t�r�a�t�e�g�y� �f�o�r� �a� 

�s�y�s�t�e�m� �a�s� �s�i�g�n�i�f�i�c�a�n�t� �a�s� �t�h�e� �M�I�B�S�A�T� �s�y�s�t�e�m�,� �a� �c�o�m�p�l�e�t�e� �L�C�C� �a�n�a�l�y�s�i�s� �s�h�o�u�l�d� 

�b�e� �p�e�r�f�o�r�m�e�d� �d�u�r�i�n�g� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �M�I�B�S�A�T� 

�d�e�v�e�l�o�p�m�e�n�t� �c�y�c�l�e� �(�a�t� �k�e�y� �d�e�s�i�g�n� �m�i�l�e�s�t�o�n�e�s�)�.� �T�h�e� �L�C�C� �m�u�s�t� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� 

�a�l�l� �d�e�v�e�l�o�p�m�e�n�t�,� �p�r�o�t�o�t�y�p�e� �p�r�o�d�u�c�t�i�o�n�,� �s�a�t�e�l�l�i�t�e� �a�n�d� �t�e�r�m�i�n�a�l� �p�r�o�d�u�c�t�i�o�n�,� �s�y�s�t�e�m� 

�c�o�n�t�r�o�l� �s�e�g�m�e�n�t� �d�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� �i�n�i�t�i�a�l� �l�a�u�n�c�h� �r�e�s�o�u�r�c�e�s�.� �T�h�e� �L�C�C� �a�n�a�l�y�s�i�s� 

�m�u�s�t� �a�l�s�o� �i�n�c�l�u�d�e� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�s� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �c�o�s�t�s� �i�n�c�l�u�d�i�n�g� �s�a�t�e�l�l�i�t�e� 

�7�9



�c�o�n�t�r�o�l� �f�a�c�i�l�i�t�y� �o�p�e�r�a�t�i�o�n�s�,� �s�a�t�e�l�l�i�t�e� �r�e�p�l�e�n�i�s�h�m�e�n�t�,� �a�n�d� �s�y�s�t�e�m� �u�p�g�r�a�d�e�s� �a�s� 

�o�u�t�l�i�n�e�d� �i�n� �t�h�e� �L�C�C� �b�r�e�a�k�d�o�w�n� �s�t�r�u�c�t�u�r�e�.� �A� �p�r�e�l�i�m�i�n�a�r�y� �L�C�C� �m�o�d�e�l� �i�s� �d�e�v�e�l�o�p�e�d� 

�a�n�d� �a�n�a�l�y�s�i�s� �p�r�o�v�i�d�e�d� �a�s� �A�p�p�e�n�d�i�x� �B� �b�a�s�e�d� �u�p�o�n� �c�o�s�t� �e�s�t�i�m�a�t�e�s� �a�n�d� �p�r�o�j�e�c�t�i�o�n�s� 

�o�f� �t�h�e� �M�I�B�S�A�T� �d�e�s�i�g�n� �c�o�n�t�a�i�n�e�d� �h�e�r�e�i�n�.� �T�h�i�s� �L�C�C� �a�n�a�l�y�s�i�s� �i�n�c�l�u�d�e�s� �a� 

�s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �o�f� �k�e�y� �s�y�s�t�e�m�,� �s�a�t�e�l�l�i�t�e�,� �a�n�d� �l�a�u�n�c�h� �v�a�r�i�a�b�l�e�s� �a�n�d� �c�o�n�s�t�r�a�i�n�t�s�,� 

�t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �a�n�d� �d�o�c�u�m�e�n�t� �t�h�e� �i�m�p�a�c�t�s� �o�f� �t�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �o�n� �t�o�t�a�l� �s�y�s�t�e�m� 

�c�o�s�t�.� �T�h�i�s� �d�a�t�a� �c�o�u�l�d� �b�e� �u�s�e�d� �w�h�e�n� �t�r�a�d�i�n�g� �o�f�f� �s�y�s�t�e�m� �d�e�s�i�g�n� �o�p�t�i�o�n�s� �a�n�d� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� 

�R�i�s�k� �A�s�s�e�s�s�m�e�n�t�.� �R�i�s�k� �a�s�s�e�s�s�m�e�n�t� �m�o�d�e�l�s� �s�h�o�u�l�d� �b�e� �u�s�e�d� �d�u�r�i�n�g� 

�i�n�i�t�i�a�l� �s�y�s�t�e�m� �d�e�s�i�g�n� �a�n�d� �p�r�i�o�r� �t�o� �m�a�j�o�r� �f�i�n�a�n�c�e� �m�i�l�e�s�t�o�n�e�s� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �o�v�e�r�a�l�l� 

�r�i�s�k� �o�f� �c�o�n�t�i�n�u�i�n�g� �w�i�t�h� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e�s�e� �m�o�d�e�l�s� �s�h�o�u�l�d� �b�e� �c�o�n�t�i�n�u�a�l�l�y� 

�r�e�f�i�n�e�d� �d�u�r�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �p�r�o�c�e�s�s� �t�o� �a�d�d� �i�n� �a�r�e�a�s� �o�f� �c�e�r�t�a�i�n�t�y� �w�h�e�n� �k�n�o�w�n�.� 

�B�e�s�i�d�e�s� �t�h�e� �g�e�n�e�r�a�l� �i�s�s�u�e� �o�f� �s�y�s�t�e�m� �p�r�o�f�i�t�a�b�i�l�i�t�y�,� �a�n�o�t�h�e�r� �i�s�s�u�e� �r�e�q�u�i�r�i�n�g� �r�i�s�k� 

�a�s�s�e�s�s�m�e�n�t� �e�a�r�l�y�-�o�n� �i�n� �s�y�s�t�e�m� �d�e�s�i�g�n� �i�s� �t�h�a�t� �o�f� �s�p�e�c�t�r�u�m� �a�l�l�o�c�a�t�i�o�n�,� �o�r�b�i�t� 

�a�l�l�o�c�a�t�i�o�n�,� �a�n�d� �l�i�c�e�n�s�i�n�g� �a�g�r�e�e�m�e�n�t�s�.� 

�S�E�M�P�.� �T�h�e� �i�n�c�r�e�a�s�i�n�g� �c�o�m�p�l�e�x�i�t�y� �o�f� �e�l�e�c�t�r�o�n�i�c� �s�y�s�t�e�m�s� �a�n�d� 

�c�o�m�p�e�t�i�t�i�o�n� �i�n� �t�h�e� �g�l�o�b�a�l� �m�a�r�k�e�t�p�l�a�c�e� �h�a�s� �n�e�c�e�s�s�i�t�a�t�e�d� �t�h�e� �n�e�e�d� �t�o� �i�m�p�l�e�m�e�n�t� 

�c�o�n�c�u�r�r�e�n�t� �e�n�g�i�n�e�e�r�i�n�g� �t�e�c�h�n�i�q�u�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�y�s�t�e�m�s� �r�e�a�l�i�z�a�t�i�o�n� �p�r�o�c�e�s�s�.� 

�T�h�e� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r�i�n�g� �M�a�n�a�g�e�m�e�n�t� �P�l�a�n� �(�S�E�M�P�)� �w�o�u�l�d� �d�e�f�i�n�e� �t�h�e� �c�o�n�c�u�r�r�e�n�t� 

�e�n�g�i�n�e�e�r�i�n�g� �o�r�g�a�n�i�z�a�t�i�o�n� �a�n�d� �p�r�o�c�e�s�s�e�s� �f�o�r� �e�f�f�i�c�i�e�n�t� �p�r�o�g�r�a�m� �p�l�a�n�n�i�n�g� �a�n�d� 

�c�o�n�t�r�o�l�,� �f�u�l�f�i�l�l�m�e�n�t� �o�f� �s�y�s�t�e�m� �e�n�g�i�n�e�e�r�i�n�g� �o�b�j�e�c�t�i�v�e�s� �a�s� �t�h�e�y� �r�e�l�a�t�e� �t�o� �s�y�s�t�e�m� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �a�n�d� �e�n�g�i�n�e�e�r�i�n�g� �s�p�e�c�i�a�l�t�y� �i�n�t�e�g�r�a�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� �S�E�M�P� 

�w�o�u�l�d� �i�n�c�l�u�d�e� �d�e�t�a�i�l�s� �o�f� �h�o�w� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �w�i�l�l� �c�o�n�s�i�d�e�r� �d�e�s�i�g�n� �f�o�r� 

�m�a�n�u�f�a�c�t�u�r�i�n�g�,� �t�e�s�t�,� �r�e�l�i�a�b�i�l�i�t�y�,� �m�a�i�n�t�a�i�n�a�b�i�l�i�t�y�,� �e�t�c�.�,� �a�s� �w�e�l�l� �a�s� �d�e�f�i�n�i�n�g� �w�h�a�t� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �m�e�d�i�a� �a�n�d� �s�u�p�p�o�r�t� �w�i�l�l� �b�e� �u�s�e�d� �t�o� �e�n�s�u�r�e� �t�h�e� �e�f�f�e�c�t�i�v�e� �f�l�o�w� �o�f� 

�i�n�f�o�r�m�a�t�i�o�n�.� 

�T�e�c�h�n�i�c�a�l� �-� �A� �M�I�B�S�A�T� �S�y�s�t�e�m� �s�p�e�c�i�f�i�c�a�t�i�o�n� �w�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �d�u�r�i�n�g� 

�t�h�e� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� �a�n�d� �u�s�e�d� �a�s� �a� �b�a�s�e�l�i�n�e� �f�o�r� �t�h�e� �p�r�e�l�i�m�i�n�a�r�y� �a�n�d� �d�e�t�a�i�l�e�d� 

�d�e�s�i�g�n� �p�h�a�s�e�s�.� �T�h�e� �s�y�s�t�e�m� �s�p�e�c�i�f�i�c�a�t�i�o�n� �w�o�u�l�d� �b�e� �u�p�d�a�t�e�d� �a�n�d� �r�e�f�i�n�e�d� �d�u�r�i�n�g� 

�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �c�y�c�l�e� �t�h�r�o�u�g�h� �a� �t�i�g�h�t�l�y� �c�o�n�t�r�o�l�l�e�d� �C�o�n�f�i�g�u�r�a�t�i�o�n� �C�o�n�t�r�o�l� �B�o�a�r�d� 

�(�C�C�B�)�.� �T�h�i�s� �b�o�a�r�d� �w�o�u�l�d� �b�e� �c�o�m�p�r�i�s�e�d� �o�f� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �m�a�n�a�g�e�m�e�n�t� 
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�r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �f�r�o�m� �a�l�l� �a�r�e�a�s� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� �T�h�e� �s�y�s�t�e�m� �s�p�e�c�i�f�i�c�a�t�i�o�n� �w�i�l�l� 
�d�e�f�i�n�e� �a�n�d� �c�o�n�t�r�o�l� �a�l�l� �s�y�s�t�e�m�-�l�e�v�e�l� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �e�f�f�e�c�t�i�v�e�n�e�s�s� �r�e�q�u�i�r�e�m�e�n�t�s�.� 
�T�h�e� �s�y�s�t�e�m� �s�p�e�c�i�f�i�c�a�t�i�o�n� �s�h�o�u�l�d� �n�o�t� �o�n�l�y� �c�o�n�s�i�d�e�r� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �c�h�a�n�g�e�s� 
�f�r�o�m� �w�i�t�h�i�n�,� �b�u�t� �s�h�o�u�l�d� �a�l�s�o� �m�o�n�i�t�o�r� �o�u�t�s�i�d�e� �d�o�c�u�m�e�n�t�a�t�i�o�n� �a�n�d� �e�v�e�n�t�s� �f�o�r� 

�p�o�s�s�i�b�l�e� �s�y�s�t�e�m� �i�m�p�a�c�t�s� �(�e�.�g�.� �m�o�n�i�t�o�r� �c�o�n�f�o�r�m�a�n�c�e� �t�o� �B�-�I�S�D�N� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �a�s� 
�d�e�f�i�n�e�d� �b�y� �t�h�e� �I�T�U�-�T�/�A�T�M� �F�o�r�u�m�)�.� 

�P�r�e�l�i�m�i�n�a�r�y� �S�y�s�t�e�m� �D�e�s�i�g�n� 

�T�h�e� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n� �p�h�a�s�e� �f�o�r� �t�h�e� �M�I�B�S�A�T� �s�y�s�t�e�m� �w�i�l�l� �i�n�c�l�u�d�e� �d�e�t�a�i�l�e�d� 

�f�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�e�s�,� �a�l�l�o�c�a�t�i�o�n� �o�f� �f�u�n�c�t�i�o�n�s� �a�n�d� �p�a�r�a�m�e�t�e�r�s� �t�o� �s�p�e�c�i�f�i�c� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �M�I�B�S�A�T� �s�y�s�t�e�m�,� �a�n�d� �t�r�a�d�e�o�f�f� �a�n�d� �o�p�t�i�m�i�z�a�t�i�o�n� �o�f� �s�y�s�t�e�m� 

�p�a�r�a�m�e�t�e�r�s� �a�n�d� �d�e�s�i�g�n� �o�p�t�i�o�n�s�.� �F�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s� �a�n�d� �a�l�l�o�c�a�t�i�o�n� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �a�t� �a� �h�i�g�h�-�l�e�v�e�l� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�c�e�s�s� �a�s� �i�t� 

�a�p�p�l�i�e�s� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �M�I�B�S�A�T� �s�y�s�t�e�m�.� 

�F�u�n�c�t�i�o�n�a�l� �A�n�a�l�y�s�i�s� 

�M�I�B�S�A�T� �f�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s� �w�i�l�l� �i�n�c�l�u�d�e� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �a�n�d� �d�o�c�u�m�e�n�t�a�t�i�o�n� 

�o�f� �a�l�l� �o�p�e�r�a�t�i�o�n�a�l� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �r�e�l�a�t�e�d� �a�c�t�i�o�n�s� �r�e�q�u�i�r�e�d� �t�o� �p�e�r�f�o�r�m� �s�y�s�t�e�m� 

�o�b�j�e�c�t�i�v�e�s�.� �F�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�e�s� �p�r�e�s�e�n�t�e�d� �b�e�l�o�w� �c�o�n�c�e�n�t�r�a�t�e� �o�n� �t�h�e� �M�I�B�S�A�T� 

�t�e�r�m�i�n�a�l� �s�y�s�t�e�m�.� 

�O�p�e�r�a�t�i�o�n�a�l� �-� �A�n� �o�p�e�r�a�t�i�o�n�a�l� �f�u�n�c�t�i�o�n�a�l� �f�l�o�w� �d�i�a�g�r�a�m� �f�o�r� �a� �M�I�B�S�A�T� 

�t�e�r�m�i�n�a�l� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�0�.� �T�h�i�s� �d�i�a�g�r�a�m� �d�e�p�i�c�t�s� �t�h�e� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� 

�f�l�o�w� �a�s� �t�h�e� �f�i�r�s�t� �l�e�v�e�l� �a�n�d� �t�h�e�n� �t�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� �o�f� �o�p�e�r�a�t�i�o�n�a�l� �f�u�n�c�t�i�o�n�s� �f�o�r� �o�n�e� 

�o�f� �t�h�e� �M�I�B�S�A�T� �m�o�b�i�l�e� �t�e�r�m�i�n�a�l�s�.� �A� �s�i�m�i�l�a�r� �f�u�n�c�t�i�o�n�a�l� �b�r�e�a�k�d�o�w�n� �f�o�r� �t�h�e� �s�a�t�e�l�l�i�t�e� 

�a�n�d� �c�o�n�t�r�o�]� �s�y�s�t�e�m�s� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �w�i�t�h� �f�u�n�c�t�i�o�n�a�l� �i�n�t�e�r�-�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�i�n�g� 

�d�e�f�i�n�e�d� �(�e�.�g�.�,� �f�r�e�q�u�e�n�c�y�/�t�i�m�e� �t�r�a�c�k�i�n�g�)�.� �T�h�e� �o�p�e�r�a�t�i�o�n�a�l� �f�l�o�w� �f�o�r� �t�h�e� �m�o�b�i�l�e� 

�t�e�r�m�i�n�a�l� �i�s� �f�u�r�t�h�e�r� �d�e�t�a�i�l�e�d� �f�o�r� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �f�u�n�c�t�i�o�n� �o�f� �o�p�e�r�a�t�i�o�n�s�.� �N�o�t� 

�d�e�t�a�i�l�e�d� �i�n� �t�h�i�s� �l�i�m�i�t�e�d� �f�l�o�w� �d�i�a�g�r�a�m� �i�s� �t�h�e� �i�n�t�e�r�-�b�e�a�m� �a�n�d� �i�n�t�e�r�-�s�a�t�e�l�l�i�t�e� �h�a�n�d�o�f�f� 

�f�o�r� �w�h�i�c�h� �c�o�n�t�i�n�u�o�u�s� �t�r�a�c�k�i�n�g� �a�n�d� �c�o�n�t�r�o�l� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �(�t�h�i�s� �f�u�n�c�t�i�o�n� �w�o�u�l�d� 

�b�e� �d�e�t�a�i�l�e�d� �u�n�d�e�r� �f�u�n�c�t�i�o�n� �1�1�.�2�.�8�)�.� �D�e�t�a�i�l�e�d� �d�i�a�g�r�a�m�s� �c�h�a�r�t�i�n�g� �a�l�l� �f�u�n�c�t�i�o�n�s� �f�o�r� 
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�e�a�c�h� �o�f� �t�h�e� �m�a�i�n� �f�u�n�c�t�i�o�n�s� �s�h�o�w�n� �i�n� �t�h�e� �f�i�g�u�r�e� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �f�o�r� �a� �c�o�m�p�l�e�t�e� 

�d�e�s�i�g�n�.� �T�h�i�s� �h�i�g�h�-�l�e�v�e�l� �f�u�n�c�t�i�o�n�a�l� �f�l�o�w� �h�i�g�h�l�i�g�h�t�s� �s�o�m�e� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� 

�i�n�t�e�l�l�i�g�e�n�c�e� �(�s�o�f�t�w�a�r�e� �e�m�b�e�d�d�e�d�)� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �t�e�r�m�i�n�a�l� �s�y�s�t�e�m� �i�n� �o�r�d�e�r� �t�o� 

�r�e�d�u�c�e� �o�p�e�r�a�t�o�r� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�M�a�i�n�t�e�n�a�n�c�e� �-� �A� �m�a�i�n�t�e�n�a�n�c�e� �f�u�n�c�t�i�o�n�a�l� �f�l�o�w� �d�i�a�g�r�a�m� �f�o�r� �a� �M�I�B�S�A�T� 

�t�e�r�m�i�n�a�l� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�1�.� �T�h�i�s� �d�i�a�g�r�a�m� �d�e�t�a�i�l�s� �t�h�e� �B�I�T�E� �a�n�d� �B�I�T� �f�u�n�c�t�i�o�n�s� 

�r�e�q�u�i�r�e�d� �f�o�r� �c�o�n�t�i�n�u�o�u�s� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �i�s�o�l�a�t�i�o�n� �o�f� �f�a�u�l�t�s�.� �M�a�i�n�t�e�n�a�n�c�e� 

�f�u�n�c�t�i�o�n�s� �p�r�e�v�i�o�u�s�l�y� �d�e�f�i�n�e�d� �t�h�r�o�u�g�h� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �c�o�n�c�e�p�t� �a�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� 

�i�n�t�o� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �f�l�o�w� �f�o�r� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�,� �i�s�o�l�a�t�i�o�n�,� �a�n�d� �r�e�p�a�i�r� �o�f� �f�a�u�l�t�y� �L�R�U�s� 

�a�n�d� �L�R�i�s�.� �F�u�r�t�h�e�r� �e�x�p�a�n�s�i�o�n� �o�f� �t�h�i�s� �h�i�g�h� �l�e�v�e�l� �m�a�i�n�t�e�n�a�n�c�e� �f�l�o�w� �d�i�a�g�r�a�m� �w�o�u�l�d� 

�b�e� �u�s�e�d� �t�o� �c�o�m�p�l�e�t�e�l�y� �d�e�f�i�n�e� �t�h�e� �a�s�s�i�g�n�m�e�n�t� �o�f� �t�a�s�k�s� �t�o� �t�h�e� �s�y�s�t�e�m� �(�e�.�g�.�,� �B�I�T�E�)�,� 

�o�p�e�r�a�t�i�o�n�a�l� �p�e�r�s�o�n�n�e�l�,� �o�r� �m�a�i�n�t�e�n�a�n�c�e� �p�e�r�s�o�n�n�e�l�.� �D�e�t�a�i�l�e�d� �d�i�a�g�r�a�m�s� �c�h�a�r�t�i�n�g� 

�a�l�l� �f�u�n�c�t�i�o�n�s� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �f�o�r� �a� �c�o�m�p�l�e�t�e� �d�e�s�i�g�n�.� 

�F�u�n�c�t�i�o�n�a�l� �A�l�l�o�c�a�t�i�o�n� �&� �P�a�c�k�a�g�i�n�g� �-� �T�h�e� �o�p�e�r�a�t�o�r� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� 

�f�u�n�c�t�i�o�n�s� �d�e�f�i�n�e�d� �i�n� �F�i�g�u�r�e�s� �1�0� �a�n�d� �1�1� �c�a�n� �b�e� �r�e�f�o�r�m�u�l�a�t�e�d� �b�y� �s�y�s�t�e�m� 

�o�p�e�r�a�t�i�o�n�a�l� �m�o�d�e� �t�o� �p�e�r�f�o�r�m� �f�u�n�c�t�i�o�n�a�l� �a�l�l�o�c�a�t�i�o�n� �a�n�d� �d�e�v�e�l�o�p� �p�a�c�k�a�g�i�n�g� 

�c�o�n�c�e�p�t�s�.� �T�h�e� �M�I�B�S�A�T� �t�e�r�m�i�n�a�l� �f�u�n�c�t�i�o�n�a�l� �a�l�l�o�c�a�t�i�o�n� �a�n�d� �p�a�c�k�a�g�i�n�g� �s�c�h�e�m�e� �i�s� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�2�.� �T�h�i�s� �d�i�a�g�r�a�m� �c�o�n�s�i�d�e�r�s� �i�n�i�t�i�a�l�i�z�a�t�i�o�n�,� �a�c�q�u�i�s�i�t�i�o�n�,� �a�n�d� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�s� �t�h�e� �t�h�r�e�e� �M�I�B�S�A�T� �t�e�r�m�i�n�a�l� �m�o�d�e�s� �o�f� �i�n�t�e�r�e�s�t�.� �I�t� �c�a�n� �b�e� �s�e�e�n� 

�t�h�a�t� �s�e�v�e�r�a�l� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� �r�e�q�u�i�r�e�d� �i�n� �e�a�c�h� �o�f� �t�h�e�s�e� �m�o�d�e�s� �a�r�e� �s�i�m�i�l�a�r� �b�u�t� �t�h�a�t� 

�e�a�c�h� �m�o�d�e� �a�l�s�o� �c�o�n�t�a�i�n�s� �u�n�i�q�u�e� �f�u�n�c�t�i�o�n�s�.� �P�r�o�v�i�d�i�n�g� �p�o�w�e�r� �t�o� �e�a�c�h� �o�f� �t�h�e�s�e� 

�f�u�n�c�t�i�o�n�s� �i�s� �r�e�q�u�i�r�e�d� �b�u�t� �n�o�t� �d�e�p�i�c�t�e�d� �s�i�n�c�e� �i�t� �i�s� �c�o�m�m�o�n� �t�o� �a�l�l� �f�u�n�c�t�i�o�n�s�.� 

�T�h�e� �M�I�B�S�A�T� �t�e�r�m�i�n�a�l� �w�i�l�l� �b�e� �c�o�m�p�r�i�s�e�d� �o�f� �t�h�r�e�e� �f�u�n�c�t�i�o�n�a�l�l�y� �s�e�p�a�r�a�t�e� 

�g�r�o�u�p�s� �w�i�t�h� �m�i�n�o�r� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �g�r�o�u�p�s� �d�e�p�e�n�d�i�n�g� �u�p�o�n� �p�l�a�t�f�o�r�m� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �n�e�e�d� �a�n�d� �p�u�r�p�o�s�e� �o�f� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �g�r�o�u�p�s� �c�a�n� �b�e� �r�e�a�d�i�l�y� 

�e�x�p�l�a�i�n�e�d� �f�r�o�m� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �f�l�o�w� �d�i�a�g�r�a�m� �a�n�d� �b�a�s�e�d� �o�n� �p�h�y�s�i�c�a�l� �r�e�s�t�r�i�c�t�i�o�n�s� �i�n� 

�f�u�l�f�i�l�l�i�n�g� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� �M�I�B�S�A�T� �p�r�o�c�e�s�s�o�r� �g�r�o�u�p� �m�u�s�t� �b�e� �l�o�c�a�t�e�d� 

�s�o�m�e�w�h�e�r�e� �c�l�o�s�e� �t�o� �t�h�e� �u�s�e�r� �o�r� �a�t� �l�e�a�s�t� �i�n� �a� �s�u�i�t�a�b�l�y� �m�a�n�n�e�d� �o�r� �c�o�n�t�r�o�l�l�e�d� 

�s�p�a�c�e�.� �T�h�e� �M�I�B�S�A�T� �a�n�t�e�n�n�a� �g�r�o�u�p� �m�u�s�t� �o�b�v�i�o�u�s�l�y� �b�e� �l�o�c�a�t�e�d� �o�n� �t�h�e� �e�x�t�e�r�n�a�l� �o�f� 

�t�h�e� �p�l�a�t�f�o�r�m� �t�o� �a�c�q�u�i�r�e� �a�n�d� �m�a�i�n�t�a�i�n� �a�c�c�e�s�s� �t�o� �t�h�e� �M�I�B�S�A�T� �s�a�t�e�l�l�i�t�e� �s�e�g�m�e�n�t�.� 

�T�h�e� �M�I�B�S�A�T� �a�n�t�e�n�n�a� �g�r�o�u�p� �m�u�s�t� �a�l�s�o� �b�e� �c�o�m�p�r�i�s�e�d� �o�f� �a�t� �l�e�a�s�t� �t�w�o� �a�n�t�e�n�n�a�s� �t�o� 
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