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OPTICAL FIBER-BASED DISTRIBUTED ANTENNA SYSTEMS, COMPONENTS,

AND RELATED METHODS FOR MONITORING AND CONFIGURING THEREOF

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial

No. 61/149,553 filed on February 3, 2009 entitled "Distributed Antenna System," which

is incorporated herein by reference in its entirety.

[0002] This application also claims priority to U.S. Provisional Patent Application

Serial No. 61/230,472 filed on July 31, 2009 entitled "Optical Fiber-Based Distributed

Antenna Systems, Components, and Related Methods for Monitoring the Status

Thereof," which is incorporated herein by reference in its entirety.

[0003] This application is also related to U.S. Provisional Patent Application Serial

No. 61/230,463 filed on July 31, 2009 entitled "Optical Fiber-Based Distributed Antenna

Systems, Components, and Related Methods for Calibration Thereof," which is

incorporated herein by reference in its entirety.

BACKGROUND

Field of the Disclosure

[0004] The technology of the disclosure relates to optical fiber-based distributed

antenna systems for distributing radio frequency (RF) signals over optical fiber to remote

antenna units and related control systems and methods.

TechnicalBackground

[0005] Wireless communication is rapidly growing, with ever-increasing demands for

high-speed mobile data communication. As an example, so-called "wireless fidelity" or

"WiFi" systems and wireless local area networks (WLANs) are being deployed in many

different types of areas (e.g., coffee shops, airports, libraries, etc.). Wireless

communication systems communicate with wireless devices called "clients," which must

reside within the wireless range or "cell coverage area" in order to communicate with an

access point device.

[0006] One approach to deploying a wireless communication system involves the use

of "picocells." Picocells are radio frequency (RF) coverage areas. Picocells can have a



radius in the range from a few meters up to twenty meters as an example. Combining a

number of access point devices creates an array of picocells that cover an area called a

"picocellular coverage area." Because the picocell covers a small area, there are typically

only a few users (clients) per picocell. This allows for minimizing the amount of RF

bandwidth shared among the wireless system users. It may be desirable to provide

picocells in a building or other facility to provide wireless communication system access

to clients within the building or facility. However, it may be desirable to employ optical

fiber to distribute communications signals. Benefits of optical fiber include higher signal-

to-noise ratios and increased bandwidth.

SUMMARY OF THE DETAILED DESCRIPTION

[0007] Embodiments disclosed in the detailed description include optical fiber-based

distributed antenna systems that provide wireless communications signals over optical

fiber to clients. The distributed antenna systems may be provided as part of an indoor

distributed antenna system (IDAS) to provide wireless communication services to clients

inside a building or other facility. The systems may distribute communication signals by

employing Radio-over-Fiber (RoF) communications utilizing fiber optic cable distribution.

[0008] In one embodiment, the distributed antenna systems can employ a head-end

unit (HEU) that receives radio frequency (RF) carrier signals from one or more service or

carrier providers. The HEU is a host neutral device that supports and distributes carrier

signal communications over optical fibers to end points, which may be remote antenna

units (RAUs). The RF carrier signals are converted to RoF signals and provided to the

RAUs, wherein the RoF signals are converted back to electrical RF signals and wirelessly

communicated to client devices in the coverage area of the RAUs. The RAUs can be

installed in locations throughout a building or facility to form a seamless coverage area.

The HEU can be configured to interface with a desired number of RAUs to define

coverage areas.

[0009] In one embodiment, the HEU contains a downlink base transceiver station

(BTS) interface card (BIC) and an uplink BIC to support interfacing with downlink and

uplink communication links for one or more BTSs. The downlink BIC is configured to

receive electrical RF signals from multiple BTSs and provide the electrical RF signals to



optical interface modules (OIMs). The OIMs contain electrical-to -optical (E/O)

converters that convert the electrical RF signals received on the downlink into optical RF

or RoF signals for transmission over optical fiber to RAUs supported by the OIMs. The

optical RF signals received by the RAUs on the downlink are converted into electrical RF

signals using optical-to-electrical (O/E) converters and radiated through antennas to client

devices in range of the antennas to establish downlink communications between client

devices and the BTSs. For uplink communications, the RAUs are also configured to

receive electrical RF signals at the antennas from clients, which are converted to optical

RF signals and communicated back to the OIM over an uplink optical fiber link. The

optical RF signals received by the OIMs are converted to electrical RF signals, which are

then communicated to the HEU and to the appropriate BTS to establish uplink

communications between the client devices and the BTSs.

[0010] To provide flexibility in installing, operating and maintaining such optical fiber-

based distributed antenna systems, a microcontroller or microprocessor-based control

system or systems may be employed in a optical fiber-based wireless system. The control

systems may include one or more microprocessors or controllers that execute software

instructions to control various components of the optical fiber-based distributed antenna

systems. For example, the HEU may include a microprocessor or microcontroller-based

controller that executes software to communicate with and control various

communication components in the system. The HEU controller may contain the overall

main control and processes for the optical fiber-based wireless system. Further, the

downlink BIC, the uplink BIC, the HEU, the OIMs, and the RAUs may all include one or

more controllers, including one or more microcontrollers and/or microprocessors that

execute software to communicate information regarding the modules to the HEU

controller. The control system may also employ communication links or channels to

allow the HEU controller to communicate with other components in the system and/or a

network connected to the system.

[0011] As examples, the control system may allow configuration of components and

their communication aspects provided in the optical fiber-based wireless systems. The

performance of the components in optical fiber-based wireless systems may be monitored

by the HEU controller. The HEU controller may be able to configure RF modules in the



optical fiber-based wireless systems. The HEU controller may support obtaining and

storing point information containing status information about various points in

components of the system. These points may be used to determine and report alarm

conditions and other system events indicative of the status and health of the optical fiber-

based distributed antenna systems. Alarms and other system events may be recorded in a

log file for retrieval and review by clients or technicians. The control system may also

support local and/or remote access to the HEU and the components in the optical fiber-

based wireless system by supporting network interfaces that allow client access.

[0012] In one embodiment, the HEU controller is a distinct system from the RF

modules and their components. Thus, the HEU controller can operate even if the RF

modules and their communications are not operational, and vice versa. This allows the

HEU controller to operate to perform various functions, including without limitation

monitoring and generating alarms and logs for RF components without interrupting the

RF signals communicated in the optical fiber-based wireless system. This provides an

advantage of being able to power-down, reboot, troubleshoot, and/or load or reload

software into the HEU controller without interrupting RF communications.

[0013] Further, because the HEU controller can be distinct from RF communications,

swapping in and out RF-based modules is possible without interrupting or requiring the

HEU controller to be disabled or powered-down. The HEU controller can continue to

perform operations for other RF-based modules that have not been removed while other

RF-based module(s) can be removed and placed back into service and/or replaced. The

HEU controller can be configured to automatically discover newly installed or replaced

modules.

[0014] The software executed by the HEU controller can be designed for simplicity,

and be modular in its construction. The HEU controller can allow embedded software to

remain resident with individual communication components or hardware in the system

where the HEU controller controls higher-level and advanced functionalities abstracted

from the communication components. These features as well as other features will be

described in more detail, by example, in this disclosure.

[0015] Additional features and advantages will be set forth in the detailed description

which follows, and in part will be readily apparent to those skilled in the art from that



description or recognized by practicing the invention as described herein, including the

detailed description that follows, the claims, as well as the appended drawings.

[0016] It is to be understood that both the foregoing general description and the

following detailed description present embodiments, and are intended to provide an

overview or framework for understanding the nature and character of the disclosure. The

accompanying drawings are included to provide a further understanding, and are

incorporated into and constitute a part of this specification. The drawings illustrate

various embodiments, and together with the description serve to explain the principles and

operation of the concepts disclosed.

BRIEF DESCRIPTION OF THE FIGURES

[0017] FIG. 1 is a schematic diagram of an exemplary optical fiber-based wireless

system, according to one embodiment;

[0018] FIG. 2 is a schematic diagram of the optical fiber-based wireless system of

FIG. 1;

[0019] FIG. 3 is a schematic diagram of an exemplary optical fiber-based wireless

system that includes a central head-end unit;

[0020] FIG. 4 is a schematic diagram of an exemplary central head-end unit;

[0021] FIG. 5A is a close-up schematic diagram of an optical fiber cable showing

downlink and uplink optical fibers connected to remote units incorporated in an outer

jacket of the optical fiber cable;

[0022] FIG. 5B is a schematic diagram of an exemplary optical fiber cable showing

downlink and uplink optical fibers connected to remote units provided outside an outer

jacket of the optical fiber cable;

[0023] FIG. 6 is a close-up view of one exemplary remote unit illustrating a

corresponding exemplary picocell and the exchange of downlink and uplink

electromagnetic signals between the remote unit and client devices within the picocell;

[0024] FIG. 7 is a schematic diagram of an exemplary centralized optical fiber-based

wireless system;



[0025] FIG. 8 is a top down view of the wireless picocellular system of FIG. 7

showing an extended picocellular coverage area formed by using multiple optical fiber

cables;

[0026] FIG. 9A is a schematic cut-away diagram of an exemplary building

infrastructure in which an optical fiber-based wireless system according to the

embodiments described herein could be employed;

[0027] FIG. 9B is a schematic diagram of an example embodiment of a multi-section

cable used in the optical fiber-based wireless system of FIG. 9A to distribute transponders

throughout the building infrastructure;

[0028] FIG. 10 is a schematic top down view of the second floor of the building

infrastructure in FIG. 9A showing three exemplary optical fiber cables branching out

extending over the ceiling;

[0029] FIG. H A is a schematic diagram of an exemplary optical fiber-based wireless

system incorporating multiple head-end units or stations;

[0030] FIG. H B is a partially schematic cut-away diagram of an exemplary building

infrastructure in which the optical fiber-based wireless system of FIG. 8 can be employed;

[0031] FIG. 12A is an exemplary schematic diagram of an exemplary head-end unit;

[0032] FIG. 12B is another exemplary schematic diagram of an exemplary head-end

unit;

[0033] FIG. 13 is a front exterior view of the head-end unit of FIGS. 12A and 12B;

[0034] FIG. 14 is a rear exterior view of the head-end unit of FIGS. 12A and 12B;

[0035] FIG. 15A is a schematic diagram of an optical interface card (OIC) which can

be employed in the head-end unit of FIGS. 12A and 12B;

[0036] FIG. 15B is a schematic diagram of an alternative OIC which can be employed

in the head-end unit of FIGS. 12A and 12B;

[0037] FIG. 16A is an another schematic diagram of the OIC of FIGS. 15A and/or

FIG. 15B;

[0038] FIG. 16B is an another schematic diagram of the OIC of FIG. 15A and/or

FIG. 15B;

[0039] FIG. 17 illustrates perspective and end views of an exemplary optical interface

module (OIM);



[0040] FIG. 18A is a schematic diagram of an exemplary downlink base transceiver

station (BTS) interface card (BIC);

[0041] FIG. 18B is a schematic diagram of another exemplary downlink BIC;

[0042] FIG. 19A is a schematic diagram of an exemplary downlink BIC uplink;

[0043] FIG. 19B is a schematic diagram of another exemplary downlink BIC uplink;

[0044] FIG. 20 is a schematic diagram of an exemplary remote unit which provides

remotely located endpoints for service signal distribution for the wireless picocellular

system of FIG. 8;

[0045] FIG. 21 is a perspective view of an exemplary remote unit with the cover of

the remote unit omitted to show the interior of the remote unit;

[0046] FIG. 22 is a side view of the exemplary remote unit of FIG. 21;

[0047] FIG. 23 is a schematic diagram of another exemplary optical fiber-based

wireless system that includes components employing microprocessors executing software

to provide certain access and functionalities;

[0048] FIG. 24 is a schematic diagram of the optical fiber-based wireless system of

FIG. 23 illustrating an interface layer and exemplary clients accessing the optical fiber-

based wireless system via the interface layer;

[0049] FIG. 25A is a schematic diagram of an exemplary microprocessor and

software deployment diagram of the optical fiber-based wireless system of FIG. 23 and

external components that can interface with the optical fiber-based wireless system;

[0050] FIG. 25B is a table illustrating visual indicators that can be provided on a

module of the optical fiber-based wireless system;

[0051] FIG. 26 is a schematic diagram of the exemplary addressing between

downlink and uplink base transceiver (BTS) interface cards (BICs), optical interface

OICs, and remote antenna units (RAUs);

[0052] FIG. 27 is an exemplary communication address format for communications

between the downlink and uplink BICs and the OICs and RAUs;

[0053] FIG. 28A is an exemplary point format for points communicated in the optical

fiber-based wireless system of FIG. 23;

[0054] FIG. 28B is an exemplary hardware points list for storing hardware

information about points provided in the optical fiber-based wireless system of FIG. 23;



[0055] FIG. 28C is an exemplary points list accessible by a communications module

in the HEU of the optical fiber-based wireless system of FIG. 23;

[0056] FIG. 29 is an exemplary flagbits format to provide characteristic information

regarding its points to the head-end unit (HEU) for various components in the optical

fiber-based wireless system of FIG. 23;

[0057] FIG. 30 is an exemplary thread diagram in an HEU controller of the HEU of

the optical fiber-based wireless system of FIG. 23;

[0058] FIG. 31 is a flowchart illustrating an exemplary process performed by the

HEU controller in the optical fiber-based wireless system;

[0059] FIG. 32 is an exemplary HEU controller thread startup sequence

communication diagram for the HEU controller;

[0060] FIGS. 33A and 33B are a flowchart illustrating an exemplary process

performed by a scheduler thread in the HEU controller;

[0061] FIG. 34 is an exemplary module state diagram for modules in the optical fiber-

based wireless system of FIG. 23;

[0062] FIG. 35 is an exemplary communications thread communication diagram to

receive and process communication requests;

[0063] FIG. 36 illustrates an exemplary sequence diagram illustrating calls made to

process alarm points involving scheduler and logger threads;

[0064] FIG. 37 illustrates an exemplary event logging sequences to log system events

for the optical fiber-based wireless system optical fiber-based wireless system;

[0065] FIGS. 38A-38C illustrate an exemplary schematic diagram of the optical

fiber-based wireless system of FIG. 23 illustrating the components of the HEU, the uplink

and downlink BICs, the OIMs, and the RAUs and the downlink and the uplink

communication paths therein;

[0066] FIGS. 39A and 39B illustrate a flowchart illustrating an exemplary calibration

thread to calibrate components of the optical fiber-based wireless system;

[0067] FIG. 40 is a schematic diagram of an exemplary master and slave HEU

configuration;

[0068] FIGS. 41A-41C are schematic diagram of other exemplary multiple HEU

configurations;



[0069] FIG. 42 is an exemplary web browser login page for web client access the

HEU;

[0070] FIG. 43 is a default page supported by the HEU and displayed on a web

browser client;

[0071] FIGS. 44-45 are exemplary default pages illustrating a default statuses

supported by the HEU and displayed on a web browser client;

[0072] FIG. 46 is an exemplary HEU configuration page supported by the HEU and

displayed on a web browser client;

[0073] FIG. 47A is an exemplary link configuration page supported by the HEU and

displayed on a web browser client;

[0074] FIG. 47B is an exemplary add user page supported by the HEU and displayed

on a web browser client;

[0075] FIG. 47C is an exemplary points information page supported by the HEU and

displayed on a web browser client;

[0076] FIG. 48 is an exemplary system monitor page supported by the HEU and

displayed on a web browser client;

[0077] FIG. 49 is an exemplary system alarm page supported by the HEU and

displayed on a web browser client;

[0078] FIGS. 5OA and 5OB illustrate an exemplary log page supported by the HEU

and displayed on a web browser client;

[0079] FIG. 51A is an exemplary properties page supported by the HEU and

displayed on a web browser client;

[0080] FIG. 51B is an exemplary installation page supported by the HEU and

displayed on a web browser client;

[0081] FIG. 52 is an exemplary user configuration supported by the HEU and

displayed on a web browser client;

[0082] FIG. 53 is an exemplary network setup configuration supported by the HEU

and displayed on a web browser client;

[0083] FIG. 54 is an exemplary system HEUs page supported by the HEU and

displayed on a web browser client;



[0084] FIG. 55 is an exemplary service notes page supported by the HEU and

displayed on a web browser client; and

[0085] FIG. 56 is an exemplary system information page supported by the HEU and

displayed on a web browser client.

DETAILED DESCRIPTION

[0086] Reference will now be made in detail to exemplary embodiments, examples of

which are illustrated in the accompanying drawings, in which some, but not all

embodiments are shown. Indeed, the concepts may be embodied in many different forms

and should not be construed as limiting herein; rather, these embodiments are provided so

that this disclosure will satisfy applicable legal requirements. Whenever possible, like

reference numbers will be used to refer to like components or parts.

[0087] Embodiments disclosed in the detailed description include optical fiber-based

distributed antenna systems that provide wireless communication signals over optical

fibers to clients. The distributed antenna systems may be provided as part of an indoor

distributed antenna system (IDAS) to provide wireless communication services to clients

inside a building or other facility. The systems may distribute communication signals by

employing Radio-over-Fiber (RoF) communications utilizing fiber optic cable distribution.

In one embodiment, the distributed antenna systems can employ a head-end unit (HEU)

that receives radio frequency (RF) carrier signals from one or more service or carrier

providers. The HEU is a host neutral device that supports and distributes carrier signal

communications over optical fibers to end points, which may be remote antenna units

(RAUs). The RF carrier signals are converted to RoF signals and provided to the RAUs,

wherein the RoF signals are converted back to electrical RF signals and wirelessly

communicated to client devices in the coverage area of the RAUs. The RAUs can be

installed in locations throughout a building or facility to form a seamless coverage area.

The HEU can be configured to interface with a desired number of RAUs to define

coverage areas.

[0088] To provide flexibility in installing, operating and maintaining such optical fiber-

based distributed antenna systems, a microprocessor-based control system or systems may

be employed. The control systems may include one or more microprocessors that execute



software instructions to control various components of the optical fiber-based distributed

antenna systems. For example, the downlink BIC, the uplink BIC, the HEU, the OIMs,

and the RAUs may all include one or more microprocessors that execute software to

communicate with and control various communication components provided by these

devices. The control system may also employ communication links or channels to allow

the HEU to communicate with other components in the system. The HEU may contain

the overall main control and processes for the system.

[0089] As examples, the control system may allow configuration of components and

their communication aspects provided in the optical fiber-based distributed antenna

systems. The performance of the components in optical fiber-based distributed antenna

systems may be monitored by the control system. The control system may support

obtaining and storing point information containing status information about various points

in components of the system. These points may be used to determine and report alarm

conditions and other system events indicative of the status and health of the optical fiber-

based distributed antenna systems. Alarms and other system events may be recorded in a

log file for retrieval and review by clients or technicians. The control system may also

include the ability to calibrate certain communications components of the system to

compensate for signal losses and/or normalize power levels between multiple BTSs. The

control system may also support local and/or remote access to the HEU and the

components in the optical fiber-based distributed antenna system by supporting network

interfaces that allow client access.

[0090] The software executed by the control system can be designed for simplicity,

and be modular in its construction. The control system can allow embedded software to

remain resident with individual communication components or hardware in the system

where the control system controls higher-level and advanced functionalities abstracted

from the communication components. These features as well as other features will be

described in more detail, by example, in this disclosure.

[0091] Before discussing the various features and their details regarding the

microcontroller or microprocessor-based control system or controllers that may be

provided in components of the system, examples of optical fiber-based distributed antenna

systems are their RF communications functionalities are first described below with regard



to FIGS. 1-23. FIGS. 24-54 are discussed with respect to exemplary controllers that

execute software instructions to provide various control and reporting features for the

optical fiber-based distributed antenna systems that co-exist or reside along with the RF

communication capabilities of the optical fiber-based distributed antenna systems.

[0092] In this regard, FIG. 1 is a schematic diagram of a generalized embodiment of

an optical fiber-based distributed antenna system. In this embodiment, the system is an

optical-fiber-based wireless system 10 that is configured to create one or more picocells.

The optical fiber-based wireless system 10 includes a head-end unit 20, one or more

transponder or remote antenna units (RAUs) 30 and an optical fiber RF communication

link 36 that optically couples the head-end unit (HEU) 20 to the RAU 30. As discussed

in detail below, the optical fiber-based wireless system 10 has a picocell 40 that can be

substantially centered about the RAU 30. The remote antenna transponder units, or

simply "RAUs" 30, form a picocellular coverage area 44. The HEU 20 is adapted to

perform or to facilitate any one of a number of Radio-over-Fiber (RoF) applications, such

as radio -frequency (RF) identification (RFID), wireless local-area network (WLAN)

communication, or cellular phone service. Shown within the picocell 40 is a client device

45 in the form of a personal computer. The client device 45 includes an antenna 46 (e.g.,

a wireless card) adapted to receive and/or send electromagnetic RF signals.

[0093] FIG. 2 is a schematic diagram of an example embodiment of the optical fiber-

based wireless system 10 of FIG. 1. In an example embodiment, the HEU 20 includes a

service unit 50 that provides electrical RF service signals for a particular wireless service

or application. In an example embodiment, the service unit 50 provides electrical RF

service signals by passing (or conditioning and then passing) such signals from one or

more outside networks 223, as described below. In a particular example embodiment,

this includes providing WLAN signal distribution as specified in the IEEE 802.1 1

standard, i.e., in the frequency range from 2.4 to 2.5 GHz and from 5.0 to 6.0 GHz. In

another example embodiment, the service unit 50 provides electrical RF service signals by

generating the signals directly. In another example embodiment, the service unit 50

coordinates the delivery of the electrical RF service signals between client devices within

the picocellular coverage area 44.



[0094] The service unit 50 is electrically coupled to an electrical-to -optical (E/O)

converter 60 that receives an electrical RF service signal from the service unit and

converts it to a corresponding RoF signal, as discussed in further detail below. RoF refers

to a technology whereby light is modulated by an electrical RF signal and transmitted over

an optical fiber link to facilitate wireless access. For example, a data-carrying RF signal at

a given frequency is imposed on a lightwave signal before being transported over an

optical link. Therefore, wireless signals are optically distributed at the given frequency

and converted from the optical to the electrical domain before being amplified and

radiated by an antenna. As a result, no frequency up/down conversion is required,

thereby resulting in simple and rather cost-effective implementations. Advantages of RoF

include reduced attenuation of the RF signal over an optical medium when compared to

wireless medium, and further travel of the RF signal without the need for as many

repeaters. Further, because optical fibers are designed to handle Gigabit data rates, RoF

implementations will be easily adapted in the future for higher speed networks with

protocol and bit-rate transparency.

[0095] In an example embodiment, the E/O converter 60 includes a laser suitable for

delivering sufficient dynamic range for the RoF applications, and optionally includes a

laser driver/amplifier electrically coupled to the laser. Examples of suitable lasers for the

E/O converter 60 include laser diodes, distributed feedback (DFB) lasers, Fabry-Perot

(FP) lasers, and vertical cavity surface emitting lasers (VCSELs).

[0096] The HEU 20 also includes an optical-to-electrical (O/E) converter 62

electrically coupled to service unit 50. The O/E converter 62 receives an optical RF

service signal and converts it to a corresponding electrical signal. In an example

embodiment, the O/E converter 62 is a photo detector, or a photodetector electrically

coupled to a linear amplifier. The E/O converter 60 and the O/E converter 62 constitute a

"converter pair" 66.

[0097] In an example embodiment, the service unit 50 includes an RF signal

modulator/demodulator unit 70 that generates an RF carrier of a given frequency and then

modulates RF signals onto the carrier. The modulator/demodulator unit 70 also

demodulates received RF signals. The service unit 50 also includes a digital signal

processing unit ("digital signal processor") 72, a central processing unit (CPU) 74 for



processing data and otherwise performing logic and computing operations, and a memory

unit 76 for storing data, such as system settings and status information, RFID tag

information, etc. In an example embodiment, the different frequencies associated with the

different signal channels are created by the modulator/demodulator unit 70 generating

different RF carrier frequencies based on instructions from the CPU 74. Also, as

described below, the common frequencies associated with a particular combined picocell

are created by the modulator/demodulator unit 70 generating the same RF carrier

frequency.

[0098] With continuing reference to FIG. 2, in an example embodiment a RAU 30

includes a converter pair 66, wherein the E/O converter 60 and the O/E converter 62

therein are electrically coupled to an antenna system 100 via a RF signal-directing element

106, such as a circulator. The RF signal-directing element 106 serves to direct the

downlink and uplink electrical RF service signals, as discussed below. In an example

embodiment, the antenna system 100 includes one or more patch antennas, such as

disclosed in U.S. Patent Application Serial No. 11/504,999 entitled "Radio-Over-Fiber

Transponder With A Dual-Band Patch Antenna System" and filed on August 16, 2006,

which patent application is incorporated herein by reference.

[0099] RAUs 30 differ from the typical access point device associated with wireless

communication systems in that the preferred embodiment of the RAU 30 has just a few

signal-conditioning elements and no digital information processing capability. Rather, the

information processing capability is located remotely in the HEU 20, and in a particular

example, in the service unit 50. This allows the RAU 30 to be very compact and virtually

maintenance free. In addition, the preferred example embodiment of the RAU 30

consumes very little power, is transparent to RF signals, and does not require a local

power source, as described below.

[00100] With reference again to FIG. 2, an example embodiment of the optical fiber

RF communication link 36 includes a downlink optical fiber 136D having an input end

138 and an output end 140, and an uplink optical fiber 136U having an input end 142 and

an output end 144. The downlink and uplink optical fibers 136D and 136U optically

couple the converter pair 66 at the HEU 20 to the converter pair 66 at the RAU 30.

Specifically, the downlink optical fiber input end 138 is optically coupled to the E/O



converter 60 of the HEU 20, while the output end 140 is optically coupled to the O/E

converter 62 at the RAU 30. Similarly, the uplink optical fiber input end 142 is optically

coupled to the E/O converter 60 of the RAU 30, while the output end 144 is optically

coupled to the O/E converter 62 at the HEU 20.

[00101] In an example embodiment, the optical fiber-based wireless system 10 employs

a known telecommunications wavelength, such as 850 nm, 1300 nm, or 1550 nm. In

another example embodiment, the optical fiber-based wireless system 10 employs other

less common but suitable wavelengths such as 980 nm.

[00102] Example embodiments of the optical fiber-based wireless system 10 include

either single-mode optical fiber or multi-mode optical fiber for downlink and the uplink

optical fibers 136D and 136U. The particular type of optical fiber depends on the

application of the optical fiber-based wireless system 10. For many in-building

deployment applications, maximum transmission distances typically do not exceed 300

meters. The maximum length for the intended RF-over-fiber transmission needs to be

taken into account when considering using multi-mode optical fibers for the downlink and

uplink optical fibers 136D and 136U. For example, it has been shown that a 1400

MHz.km multi-mode fiber bandwidth-distance product is sufficient for 5.2 GHz

transmission up to 300 m.

[00103] In an example embodiment, a 50 µm multi-mode optical fiber is used for the

downlink and uplink optical fibers 136D and 136U, and the E/O converters 60 operate at

850 nm using commercially available VCSELs specified for 10 Gb/s data transmission. In

a more specific example embodiment, OM3 50 µm multi-mode optical fiber is used for the

downlink and uplink optical fibers 136D and 136U.

[00104] The optical fiber-based wireless system 10 also includes a power supply 160

that generates an electrical power signal 162. The power supply 160 is electrically

coupled to the HEU 20 for powering the power-consuming elements therein. In an

example embodiment, an electrical power line 168 runs through the HEU 20 and over to

the RAU 30 to power the E/O converter 60 and O/E converter 62 in the converter pair

66, the optional RF signal-directing element 106 (unless element 106 is a passive device

such as a circulator), and any other power-consuming elements (not shown). In an

example embodiment, the electrical power line 168 includes two wires 170 and 172 that



carry a single voltage and that are electrically coupled to a DC power converter 180 at the

RAU 30. The DC power converter 180 is electrically coupled to the E/O converter 60

and the O/E converter 62, and changes the voltage or levels of the electrical power signal

162 to the power level(s) required by the power-consuming components in the RAU 30.

In an example embodiment, the DC power converter 180 is either a DC/DC power

converter, or an AC/DC power converter, depending on the type of electrical power

signal 162 carried by the electrical power line 168. In an example embodiment, the

electrical power line 168 includes standard electrical-power-carrying electrical wire(s),

e.g., 18-26 AWG (American Wire Gauge) used in standard telecommunications and other

applications. In another example embodiment, the electrical power line 168 (dashed line)

runs directly from the power supply 160 to the RAU 30 rather than from or through the

HEU 20. In another example embodiment, the electrical power line 168 includes more

than two wires and carries multiple voltages. In an example embodiment, the HEU 20 is

operably coupled to an outside network 223 via a network link 224.

[00105] With reference to the optical fiber-based wireless system 10 of FIG. 1 and

FIG. 2, the service unit 50 generates an electrical downlink RF service signal SD

("electrical signal SD") corresponding to its particular application. In an example

embodiment, this is accomplished by the digital signal processor 72 providing the RF

signal modulator/demodulator unit 70 with an electrical signal (not shown) that is

modulated onto an RF carrier to generate a desired electrical signal SD. The electrical

signal SD is received by the E/O converter 60, which converts this electrical signal into a

corresponding optical downlink RF service signal SD' ("optical signal SD' "), which is

then coupled into the downlink optical fiber 136D at the input end 138. It is noted here

that in an example embodiment, the optical signal SD' is tailored to have a given

modulation index. Further, in an example embodiment, the modulation power of the E/O

converter 60 is controlled (e.g., by one or more gain-control amplifiers, not shown) to

vary the transmission power from the antenna system 100. In an example embodiment,

the amount of power provided to the antenna system 100 is varied to define the size of the

associated picocell 40, which in example embodiments ranges anywhere from about a

meter across to about twenty meters across.



[00106] The optical signal SD' travels over the downlink optical fiber 136D to the

output end 140, where it is received by the O/E converter 62 in RAU 30. The O/E

converter 62 converts the optical signal SD' back into an electrical signal SD, which then

travels to the RF signal-directing element 106. The RF signal-directing element 106 then

directs the electrical signal SD to the antenna 100. The electrical signal SD is fed to the

antenna system 100, causing it to radiate a corresponding electromagnetic downlink RF

service signal SD" ("electromagnetic signal SD" ").

[00107] Because the client device 45 is within the picocell 40, the electromagnetic

signal SD" is received by the client device antenna 46, which may be part of a wireless

card, or a cell phone antenna, for example. The antenna 46 converts the electromagnetic

signal SD" into an electrical signal SD in the client device (signal SD is not shown

therein). The client device 45 then processes the electrical signal SD, e.g., stores the

signal information in memory, displays the information as an e-mail or text message, or

other display of information, etc. The client device 45 can generate electrical uplink RF

signals SU (not shown in the client device 45), which are converted into electromagnetic

uplink RF service signals SU" (electromagnetic signal SU" ") by the antenna 46.

[00108] Because the client device 45 is located within the picocell 40, the

electromagnetic signal SU" is detected by the antenna system 100 in the RAU 30, which

converts this signal back into an electrical signal SU. The electrical signal SU is directed

by the RF signal-directing element 106 to the E/O converter 60, which converts this

electrical signal into a corresponding optical uplink RF service signal SU' ("optical signal

SU' "), which is then coupled into the input end 142 of the uplink optical fiber 136U.

The optical signal SU' travels over the uplink optical fiber 136U to the output end 144,

where it is received by the O/E converter 62 at the HEU 20. The O/E converter 62

converts the optical signal SU' back into electrical signal SU, which is then directed to the

service unit 50. The service unit 50 receives and processes the electrical signal SU,

which in an example embodiment includes one or more of the following: storing the signal

information; digitally processing or conditioning the signals; sending the signals to one or

more outside networks 223 via network links 224; and sending the signals to one or more

client devices 45 in the picocellular coverage area 44. In an example embodiment, the

processing of the electrical signal SU includes demodulating this electrical signal SU in



the RF signal modulator/demodulator unit 70, and then processing the demodulated signal

in the digital signal processor 72.

[00109] FIG. 3 is a schematic diagram of an example embodiment of an optical fiber-

based wireless system 200 that includes a central HEU 210. The central HEU 210 can be

thought of as a HEU 20 adapted to handle one or more service units 50 and one or more

RAUs 30. The central HEU 210 is optically coupled to an optical fiber cable 220 that

includes multiple RAUs 30. The optical fiber cable 220 is constituted by multiple optical

fiber RF communication links 36 (FIG. 2), with each link optically coupled to a

corresponding RAU 30. In an example embodiment, multiple RAUs 30 are spaced apart

along the length of optical fiber cable 220 (e.g., at eight (8) meter intervals) to create a

desired picocell coverage area 44 made up of picocells 40, which may overlap at their

edges.

[00110] FIG. 4 is a detailed schematic diagram of an example embodiment of the

central HEU 210. Rather than including multiple HEUs 20 of FIG. 1 directly into the

central HEU 210, in an example embodiment the HEUs 20 are modified to allow for each

service unit 50 to communicate with one, some, or all of RAUs 30, depending on the

particular application of a given service unit 50. The service units 50 are each electrically

coupled to an RF transmission line 230 and an RF receiving line 232. In FIG. 4, only

three of six service units 5OA through 5OF are shown for the purposes of clarity of

illustration.

[00111] In an example embodiment, the optical fiber-based wireless system 200 further

includes a main controller 250 operably coupled to the service units 50 and adapted to

control and coordinate the operation of the service units 50 in communicating with the

RAUs 30. In an example embodiment, the main controller 250 includes a central

processing unit (CPU) 252 and a memory unit 254 for storing data. The CPU 252 is

adapted (e.g., is programmed) to process information provided to the main controller 250

by one or more of the service units 50. In an example embodiment, the main controller

250 is or includes a programmable computer adapted to carry out instructions (programs)

provided to it or otherwise encoded therein on a computer-readable medium.

[00112] The central HEU 210 further includes a downlink RF signal multiplexer

("downlink multiplexer") 270 operably coupled to the main controller 250. The



downlink multiplexer 270 has an input side 272 and an output side 274. RF transmission

lines 230 are electrically connected to the downlink multiplexer 270 at the input side 272.

[00113] In an example embodiment, the downlink multiplexer 270 includes an RF

signal-directing element 280 (e.g., a RF switch) that allows for selective communication

between the service units 50 and the RAUs 30, as described below. In an example, the

selective communication involves sequentially addressing RAUs 30 for polling

corresponding picocells 40. Such sequential polling can be used, for example, when one

of the service units 50 is an RFID reader searching for RFID tags 290 in picocells 40

(FIG. 3). In an example embodiment, the RFID tags 290 are attached to an item 292

(FIG. 3) to be tracked or otherwise monitored via the attached RFID tag 290. In another

example embodiment, the selective communication involves simultaneously addressing

some or all of the RAUs 30. Such simultaneous addressing can be used, for example,

when one of the service units 50 is a cellular phone transmitter or an RF-signal feed-

through unit that provides simultaneous coverage of some or all of the picocells 40.

[00114] The central HEU 210 also includes an uplink RF signal multiplexer ("uplink

multiplexer") 320 operably coupled to the main controller 250 and having an input side

322 and an output side 324. Receiving lines 232 are electrically connected to the uplink

multiplexer 320 at the output side 324. In an example embodiment, the uplink

multiplexer 320 includes an RF signal-directing element 328.

[00115] The central HEU 210 also includes a number of E/O converters 60 that make

up an E/O converter array 360, and a corresponding number of O/E converters 62 that

make up an O/E converter array 362. The E/O converters 60 are electrically coupled to

the output side 274 of downlink multiplexer 270 via electrical lines 330, and are optically

coupled to the input ends 138 of corresponding downlink optical fibers 136D. The O/E

converters 62 are electrically coupled to the input side 322 of the uplink multiplexer 320

via electrical lines 332, and are optically coupled to the output ends 144 of corresponding

uplink optical fibers 136U. The downlink optical fibers 136D constitute a downlink

optical fiber cable 378 and the uplink optical fibers 136U constitute an uplink optical fiber

cable 380.

[00116] FIG. 5A is a close-up schematic diagram of optical fiber cable 220 showing

downlink and uplink optical fibers 136D and 136U and two of the six RAUs 30. Also



shown is the electrical power line 168 electrically coupled to the RAUs 30. In an example

embodiment, the optical fiber cable 220 includes a protective outer jacket 344. In an

example embodiment, the RAUs 30 reside completely within the protective outer jacket

344. FIG. 5B is a schematic diagram similar to FIG. 5A, illustrating an example

embodiment wherein the RAUs 30 lie outside of the protective outer jacket 344.

Locating the RAUs 30 outside of the protective outer jacket 344 makes it easier to

arrange the RAUs 30 relative to a building infrastructure after the optical fiber cable 220

is deployed, as described below.

[00117] With reference to FIGS. 3, 4, 5A and 5B, the optical fiber-based wireless

system 200 operates as follows. At the central HEU 210, the service units 5OA, 5OB, ...

5OF each generate or pass through from one or more outside networks 223 respective

electrical signals SD that correspond to the particular application of the given service unit

50. The electrical signals SD are transmitted over the RF transmission lines 230 to the

downlink multiplexer 270. The downlink multiplexer 270 then combines (in frequency)

and distributes the various electrical signals SD to the E/O converters 60 in the E/O

converter array 360. In an example embodiment, the downlink multiplexer 270 and RF

signal-directing element 280 therein are controlled by the main controller 250 via a

control signal Sl (not shown) to the direct electrical signals SD to one, some or all of the

E/O converters 60 in the E/O converter array 360 and thus to one, some or all of the

RAUs 30, based on the particular service unit application. For example, if service unit

5OA is a cellular phone unit, then in an example embodiment the electrical signals SD

therefrom (e.g., passing therethrough from one or more outside networks 223) are

divided (and optionally amplified) equally by the RF signal-directing element 280 and

provided to each E/O converter 60 in the E/O converter array 360. This results in each

RAU 30 being addressed. On the other hand, if the service unit 5OF is a WLAN service

unit, then the RF signal-directing element 280 may be adapted (e.g., programmed) to

direct electrical signals SD to select ones of E/O converters 60 in E/O converter array 360

so that only select RAUs 30 are addressed.

[00118] Thus, one, some, or all of the E/O converters 60 in the E/O converter array

360 receive the electrical signals SD from the downlink multiplexer 270. The addressed

E/O converters 60 in the E/O converter array 360 convert the electrical signals SD into



corresponding optical signals SD', which are transmitted over the corresponding

downlink optical fibers 136D to the corresponding RAUs 30. The addressed RAUs 30

convert the optical signals SD' back into electrical signals SD, which are then converted

into electromagnetic signals SD" that correspond to the particular service unit application.

[00119] FIG. 6 is a close-up view of one of the RAUs 30, illustrating the

corresponding picocell 40 and the exchange of downlink and uplink electromagnetic

signals SD" and SU" between the RAU 30 and client devices 45 within the picocell 40.

In particular, the electromagnetic signals SU" are received by the corresponding RAU 30

and converted to electrical signals SU, and then to optical signals SD'. The optical

signals SD' then travel over the uplink optical fiber 136U and are received by the O/E

converter array 362 and the corresponding O/E converters 62 therein for the addressed

RAUs 30. The O/E converters 62 convert the optical signals SU' back to electrical

signals SU, which then proceed to the uplink multiplexer 320. The uplink multiplexer

320 then distributes the electrical signals SU to the service unit(s) 50 that require(s)

receiving these electrical signals. The receiving service units 50 process the electrical

signals SU, which in an example embodiment includes one or more of: storing the signal

information; digitally processing or conditioning the signals; sending the signals on to one

or more outside networks 223 via the network links 224; and sending the signals to one

or more client devices 45 in the picocellular coverage area 44.

[00120] In an example embodiment, the uplink multiplexer 320 and the RF signal-

directing element 328 therein are controlled by the main controller 250 via a control signal

S2 (FIG. 4) to direct electrical signals SU to the service unit(s) 50 that require(s)

receiving electrical signals SU. Different services from some or all of the service units 50

(i.e. cellular phone service, WiFi for data communication, RFID monitoring, etc.) may be

combined at the RF signal level by frequency multiplexing.

[00121] In an example embodiment, a single electrical power line 168 from the power

supply 160 at central HEU 210 is incorporated into the optical fiber cable 220 and is

adapted to power each RAU 30, as shown in FIG. 6 . Each RAU 30 taps off the needed

amount of power, e.g., via a DC power converter 180 (FIG. 2). Since the preferred

embodiment of a RAU 30 has relatively low functionality and power consumption, only

relatively low electrical power levels are required (e.g., ~ 1 watt), allowing high-gauge



wires to be used (e.g., 20 AWG or higher) for the electrical power line 168. In an

example embodiment that uses many RAUs 30 (e.g., more than twelve (12)) in the optical

fiber cable 220, or if the power consumption for the RAUs 30 is significantly larger than 1

watt due to their particular design, lower gauge wires or multiple wires are employed in

the electrical power line 168. The inevitable voltage drop along the electrical power line

168 within the optical fiber cable 220 typically requires large-range (~30 volts) voltage

regulation at each RAU 30. In an example embodiment, DC power converters 180 at

each RAU 30 perform this voltage regulation function. If the expected voltage drop is

known, then in an example embodiment the main controller 250 carries out the voltage

regulation. In an alternative embodiment, remote voltage sensing at each RAU 30 is

used, but this approach is not the preferred one because it adds complexity to the system.

[00122] FIG. 7 is a schematic diagram of an example embodiment of a centralized

optical fiber-based wireless system 400. The centralized optical fiber-based wireless

system 400 is similar to the optical fiber-based wireless system 200 as described above,

but includes multiple optical fiber cables 220 optically coupled to the central HEU 210.

The central HEU 210 includes a number of E/O converter arrays 360 and a corresponding

number of O/E converter arrays 362, arranged in pairs in converter array units 410, with

one converter array unit 410 optically coupled to one optical fiber cable 220. Likewise,

the centralized optical fiber-based wireless system 400 includes a number of downlink

multiplexers 270 and uplink multiplexers 320, arranged in pairs in multiplexer units 414,

with one multiplexer unit 414 electrically coupled to one converter array unit 410. In an

example embodiment, the main controller 250 is electrically coupled to each multiplexer

unit 414 and is adapted to control the operation of the downlink and uplink multiplexers

270 and 320 therein. Here, the term "array" is not intended to be limited to components

integrated onto a single chip as is often done in the art, but includes an arrangement of

discrete, non-integrated components.

[00123] Each E/O converter array 360 is electrically coupled to the downlink

multiplexer 270 in the corresponding multiplexer unit 414. Likewise, each O/E converter

array 362 is electrically coupled to the uplink multiplexer 320 in the corresponding

multiplexer unit 414. The service units 50 are each electrically coupled to both downlink

and uplink multiplexers 270 and 320 within each multiplexer unit 414. Respective



downlink and uplink optical fiber cables 378 and 380 optically couple each converter

array unit 410 to a corresponding optical fiber cable 220. In an example embodiment, the

central HEU 210 includes connector ports 420 and the optical cables 220 include

connectors 422 adapted to connect to the connector ports 420. In an example

embodiment, the connectors 422 are MT ("Mechanical Transfer") connectors, such as the

UNICAM ® MTP connector available from Corning Cable Systems, Inc., Hickory, North

Carolina. In an example embodiment, the connectors 422 are adapted to accommodate

the electrical power line 168 connected to the connector port 420.

[00124] FIG. 8 is a "top down" view of the centralized optical fiber-based wireless

system 400, showing an extended picocellular coverage area 44 formed by using multiple

optical fiber cables 220. In an example embodiment, the centralized optical fiber-based

wireless system 400 supports anywhere from two RAUs 30, to hundreds of RAUs 30, to

even thousands of RAUs 30. The particular number of RAUs 30 employed is not

fundamentally limited by the design of the centralized optical fiber-based wireless system

400, but rather by the particular application.

[00125] In FIG. 8, the picocells 40 are shown as non-overlapping. This non-overlap is

based on adjacent RAUs 30 operating at slightly different frequencies to avoid the

otherwise undesirable substantial overlap that occurs between adjacent picocells that

operate at the same frequency. Same-frequency overlap is discussed in greater detail

below in connection with embodiments that combine two or more picocells.

[00126] The optical fiber-based wireless system 400 operates in a manner similar to the

optical fiber-based wireless system 200 as described above, except that instead of the

RAUs 30 being in a single optical fiber cable 220, they are distributed over two or more

optical fiber cables 220 through the use of corresponding two or more converter array

units 410. Electrical signals SD from the service units 50 are distributed to each

multiplexer unit 414. The downlink multiplexers 270 therein convey electrical signals SD

to one, some, or all of the converter array units 410, depending on which RAUs 30 are to

be addressed by which service unit 50. Electrical signals SD are then processed as

described above, with downlink optical signals SD' being sent to one, some or all of

RAUs 30. Uplink optical signals SU' generated by client devices 45 in the corresponding

picocells 40 return to the corresponding converter array units 410 at the central HEU



210. The optical signals SU' are converted to electrical signals SU at the receiving

converter array unit(s) 410 and are then sent to the uplink multiplexers 320 in the

corresponding multiplexer unit(s) 414. The uplink multiplexers 320 therein are adapted

(e.g., programmed by the main controller 250) to direct electrical signals SU to the

service unit(s) 50 that require(s) receiving electrical signals SU. The receiving service

units 50 process the electrical signals SU, which as discussed above in an example

embodiment includes one or more of: storing the signal information; digitally processing

or conditioning the signals; sending the signals to one or more outside networks 223 via

network links 224; and sending the signals to one or more client devices 45 in the

picocellular coverage area 44.

[00127] FIG. 9A is a schematic cut-away diagram of a building infrastructure 500 that

generally represents any type of building in which an optical fiber-based wireless system

would be useful, such as office buildings, schools, hospitals, college buildings, airports,

warehouses, etc. The building infrastructure 500 includes a first (ground) floor 501, a

second floor 502, and a third floor 503. The first floor 501 is defined by a floor 510 and a

ceiling 512; the second floor 502 is defined by a floor 520 and a ceiling 522; and the third

floor 503 is defined by a floor 530 and a ceiling 532. An example centralized optical

fiber-based wireless system 400 is incorporated into the building infrastructure 500 to

provide a picocellular coverage area 44 that covers floors 501, 502 and 503.

[00128] In an example embodiment, the centralized optical fiber-based wireless system

400 includes a main cable 540 having a number of different sections that facilitate the

placement of a large number of RAUs 30 in the building infrastructure 500. FIG. 9A is a

schematic diagram of an example embodiment of the main cable 540. The main cable 540

is also illustrated by example in FIG. 9B. As illustrated therein, the main cable 540

includes a riser section 542 that carries all of the uplink and downlink optical fiber cables

378 and 380 from the central HEU 210. The cable main 540 includes one or more multi-

cable (MC) connectors 550 adapted to connect select downlink and uplink optical fiber

cables 378 and 380, along with the electrical power line 168, to a number of optical fiber

cables 220. In an example embodiment, MC connectors 550 include individual connector

ports 420, and optical fiber cables 220 include matching connectors 422. In an example

embodiment, the riser section 542 includes a total of seventy-two (72) downlink and



seventy-two (72) uplink optical fibers 136D and 136U, while twelve (12) optical fiber

cables 220 each carry six (6) downlink and six (6) uplink optical fibers.

[00129] The main cable 540 enables multiple optical fiber cables 220 to be distributed

throughout the building infrastructure 500 (e.g., fixed to the ceilings 512, 522 and 532) to

provide an extended picocellular coverage area 44 for the first, second and third floors

501, 502 and 503. An example type of MC connector 550 is a "patch panel" used to

connect incoming and outgoing optical fiber cables in an optical telecommunication

system.

[00130] In an example embodiment of the multi-section main cable 540, the electrical

power line 168 from the power supply 160 runs from the central HEU 210 through the

riser section 542 and branches out into the optical fiber cables 220 at the MC connectors

550 (FIG. 8). In an alternative example embodiment, electrical power is separately

supplied at each MC connector 550, as indicated by the dashed-box power supplies 160

and dashed- line electrical power lines 168 illustrated in FIGS. 9A and 9B.

[00131] In an example embodiment, the central HEU 210 and the power supply 160

are located within the building infrastructure 500 (e.g., in a closet or control room), while

in another example embodiment one or both are located outside of the building at a

remote location.

[00132] An example embodiment involves tailoring or designing the picocellular

coverage areas 44 for the different floors to suit particular needs. FIG. 10 is a schematic

"top down" view of the second floor 502 of the building infrastructure 500, showing three

optical fiber cables 220 branching out from the MC connector 550 and extending over the

ceiling 532 (FIG. 10). The MC connectors 550 include connector ports 560 and the

three optical cables 220 include connectors 562 adapted to connect to the connector ports

560 in this embodiment. The picocells 40 associated with RAUs 30 (not shown in FIG.

10) form an extended picocellular coverage area 44 that covers the second floor 502 with

fewer, larger picocells than the first and third floors 501 and 503 (FIG. 9A). Such

different picocellular coverage areas 44 may be desirable when the different floors have

different wireless needs. For example, the third floor 503 might require relatively dense

picocell coverage if it serves as storage for items that need to be inventoried and tracked

via RFID tags 290 (FIG. 3), which can be considered simple client devices 45. Likewise,



the second floor 502 may be office space that calls for larger and fewer picocells to

provide cellular phone service and WLAN coverage.

[00133] FIG. H A is a schematic diagram of an example embodiment of an optical

fiber-based wireless system 600 incorporating multiple HEUs or stations 610 to provide

various types of wireless service to a coverage area. FIG. H B is a partially schematic

cut-away diagram of a building infrastructure 620 that generally represents any type of

building in which the optical fiber-based wireless system 600 might be used. This, the

optical fiber-based wireless system 600 in this embodiment can be an in-door distributed

antenna system (IDAS) to provide wireless service inside a building. In the embodiment

discussed below, the services provided can be cellular service, wireless services such as

RFID tracking, WiFi, LAN, combinations thereof, etc. FIG. H B illustrates the coverage

provided by a single HEU 610 and associated system components, although a building

infrastructure can be served by multiple HEUs 610 comprising part of a optical fiber-

based wireless system 600 as shown schematically in FIG. HA.

[00134] Referring first to FIG. HB, the building infrastructure 620 includes a first

(ground) floor 601, a second floor 602, and a third floor 603. The floors 601, 602, 603

are serviced by the HEU 610, through a main distribution frame 612, to provide a

coverage area 630 in the building infrastructure 620. Only the ceilings of the floors 601,

602, 603 are shown in FIG. H B for simplicity of illustration. In the example

embodiment, a main cable 640 has a number of different sections that facilitate the

placement of a large number of RAUs 650 in the building infrastructure 620. Each RAU

650 in turn services its own coverage area in the coverage area 630. The main cable 640

can have, for example, the configuration as shown generally in FIG. 11, and can include a

riser section 642 that carries all of the uplink and downlink optical fiber cables to and

from the HEU 610. The main cable 640 can include one or more multi-cable (MC)

connectors adapted to connect select downlink and uplink optical fiber cables, along with

an electrical power line, to a number of optical fiber cables 644. In an example

embodiment, an interconnect unit 660 is provided for each floor 601, 602, and 603, the

interconnect units 660 including an individual passive fiber interconnection of optical fiber

cable ports. The optical fiber cables 644 include matching connectors. In an example

embodiment, the riser section 642 includes a total of thirty-six (36) downlink and thirty-



six (36) uplink optical fibers, while each of the six (6) optical fiber cables 644 carries six

(6) downlink and six uplink optical fibers to service six (6) RAUs 650. The number of

optical fiber cables 644 can be varied to accommodate different applications, including the

addition of second, third, etc. HEUs 610.

[00135] According to one aspect, each interconnect unit 660 can provide a low voltage

DC current to the electrical conductors in the optical fiber cables 644 for powering the

RAUs 650. For example, the interconnect units 660 can include an AC/DC transformer

to transform HOV AC power that is readily available in the building infrastructure 620.

In one embodiment, the transformers supply a relatively low voltage DC current of 48V

or less to the optical fiber cables 644. An uninterrupted power supply could be located at

the interconnect units 660 and at the HEU 610 to provide operational durability to the

optical fiber-based wireless system 600. The optical fibers utilized in the optical fiber

cables 644 can be selected based upon the type of service required for the system, and

single mode and/or multi-mode fibers may be used.

[00136] The main cable 640 enables multiple optical fiber cables 644 to be distributed

throughout the building infrastructure 620 (e.g., fixed to the ceilings or other support

surfaces of each floor 601, 602 and 603) to provide the coverage area 630 for the first,

second and third floors 601, 602 and 603. In an example embodiment, the HEU 610 is

located within the building infrastructure 620 (e.g., in a closet or control room), while in

another example embodiment it may be located outside of the building at a remote

location. A base transceiver station (BTS) 670, which may be provided by a second party

such as cellular service provider, is connected to the HEU 610, and can be co-located or

located remotely from the HEU 610. A BTS is any station or source that provides an

input signal to the HEU 610 and can receive a return signal from the HEU 610. In a

typical cellular system, for example, a plurality of BTSs are deployed at a plurality of

remote locations to provide wireless telephone coverage. Each BTS serves a

corresponding cell and when a mobile station enters the cell, the BTS communicates with

the mobile station. Each BTS can include at least one radio transceiver for enabling

communication with one or more subscriber units operating within the associated cell.

[00137] The optical fiber-based wireless system 600 shown schematically in FIG. H A

represents essentially six (6), of which only three (3) are illustrated, of the arrangements



shown in FIG. H B interconnected or ganged as a single system. The optical fiber-based

wireless system 600 can therefore provide a broader coverage area within a building

infrastructure (e.g., covering additional floors). In FIG. HA, six HEUs 610 are

connected to the base transceiver station (BTS) 670 via a power splitter 714. Each

optical fiber cable 644 is in turn connected to a plurality of RAUs 650 having an antenna

(one RAU 650 is illustrated for each optical fiber cable 644 for simplicity of illustration),

as generally illustrated in FIG. 7B. The HEUs 610 are host neutral systems in this

embodiment which can provide services for one or more BTSs 670 with the same

infrastructure that is not tied to any particular service provider. Each HEU 610 is

connected to six (6) optical fiber cables 644 (as also shown in FIG. HB). The exemplary

optical fiber-based wireless system 600 therefore includes two hundred sixteen (216)

RAUs 650, with each of the six (6) HEUs 610 being connected to thirty-six (36) RAUs

650, although fewer or more HEUs 610, optical fiber cables 644 and RAUs 650 may be

included depending upon the desired coverage area. For example, fewer than six (6)

HEUs 610 can be employed to obtain the same coverage capability as in FIG. H A by

increasing the capacity of each HEU 610 to support RAUs 650. Each optical fiber cable

644 may include an electrical power line running between its associated HEUs 610 and

the RAUs 650 connected to the optical fiber cable 644, and/or power may be supplied at

the interconnect units 660. In the illustrated embodiment, power is supplied at the

interconnect units 660. The RAUs 650 can be located outside of the protective outer

jacket of the optical fiber cables 644 so that it is easier to arrange the RAUs 650 relative

to a building infrastructure after the optical fiber cable 644 is deployed, as discussed

above.

[00138] FIG. 12A is a schematic diagram of an exemplary HEU 610. In the illustrated

embodiment, the HEU 610 includes a processing section 742 that manages the functions

of the unit components and communicates with exterior devices via the CIF. The HEU

610 can be connected to a plurality of base transceiver stations, transceivers, etc. at

connections 744, 746. The connections 744 are downlink connections and connections

746 are uplink connections. Each downlink connection 744 is connected to a downlink

BTS interface card (BIC) 754 located in the HEU 610, and each uplink connection 746 is

connected to an uplink BIC 756 also located in the HEU 610. The downlink BIC 754 is



connected to a coaxial connector panel 760, which can be in the form of a midplane panel,

by cables 758. The uplink BIC 756 is also connected to the coaxial connector panel 760

by cables 758. The coaxial connector panel 760 is in electrical communication with a

plurality of optical interface modules (OIM) 770, which are in optical and electrical

communication with the RAUs 650 via the optical fiber cables 644. The OIMs 770 can

plug directly into the coaxial connector panel 760.

[00139] Note that the OIMs 770 are shown as supporting up to six RAUs 650, but the

OIMs 770 in this embodiment consist of two optical interface card (OICs) each

supporting up to three RAUs 650 each. This is further illustrated in alternative exemplary

HEU 610' in FIG. 12B. As illustrated therein, two OICs 771 are provided for each OIM

770. A midplane interface card 747 can be deployed in the HEU 610' to interface the

DL-BIC 754 and UL-BIC 756 to the OICs 771. A head-end controller (HEC) 773 is also

included in the HEU 610' that is configured to communicate with the DL-BIC 754, the

UL-BIC 756, the OICs 770 and the RAUs 771 to monitor, configure, and perform other

tasks for these components, as will be described in more detail in this application. Several

ports can be provided to allow external interfacing to the HEC 773 including but not

limited to a RS-232 serial port 775, a universal serial bus (USB) port 777, and an

Ethernet port 779. These ports allow for external information exchange with the HEC

773, such as for providing commands to the HEC 773 to configuring the DL-BIC 754,

the UL-BIC 756, the OICs 770 and the RAUs 771 and receiving information regarding

the monitoring and status of the DL-BIC 754, the UL-BIC 756, the OICs 770 and the

RAUs 771.

[00140] FIG. 13 is a front exterior view and FIG. 14 is a rear exterior view of a HEU

610. FIG. 13 illustrates the OIMs 770 and connectors 774 used to connect to the RAUs

650 assigned to each OIM 770. As also illustrated in FIGS. H B and 12, each OIM 770

connects to six (6) optical fiber cables 644 at the connections 744. FIG. 13 also shows

the orientation of a switch 778 and a processing section 742 in HEC 773 of the HEU 610.

As will be described in more detail below, the processing section 742 includes a software-

based microprocessor to configure and monitor the components of the HEU 610 and the

RAUs 771. The switch 778 is provided to allow additional HEUs 610 to be connected to

the HEU 610 in a slave arrangement to allow the HEU 610, as a master unit, to control



and provide access to additional OIMs 770 and RAUs 771, as will be described in more

detail below. Alternatively, the switch 778 and the processing section 742 may be

included in a separate board or module from the HEC 773. The processing section 742

can be, for example, a commercially available computer such as the EP440C single board

computer available from Embedded Planet of Warrensville, Ohio. The processing section

742 can include components such as DDR memory interfaces, and integrated Ethernet,

USB, UART, I2C, SPI, and PCI interfaces. FIG. 14 illustrates the connections 744, 746

on the downlink and uplink BICs 754, 756 and a power supply 788 for the HEU 610. In

the illustrated embodiment, the power supply 788 is a model MPS-200 available from

Astro dyne.

[00141] FIG. 15A is a schematic diagram of an OIM 770 comprised of an OIC 771

that supports up to six (6) RAUs 650 on a single printed circuit board (PCB). FIG. 15B

illustrates an OIM 770' comprising an OIC 771' that supports up to three (3) RAUs 650

on a single PCB. Two OICs 771' may be packaged together in a common chassis (not

shown) to provide the same function of the OIM 770 of FIG. 15A. The OIC 771' in

FIG. 15B contains similar components to the OIC 771 and thus the OIC 770' will be

discussed as equally applicable to the OIC 771' in FIG. 15B with common element

numbers shared between the two. A computer management system (CMS) interface 813

is provided to connect the OIM 770 to a port on the mid-plane interface card 747 to

connect the OIM 770 to the DL-BIC 754 and UL-BIC 756, as illustrated in FIG. 12B, as

will be described in more detail below. The CMS interface 813 provides access to the

internal bus that allows communication between the HEU 773 and DL-BIC 754, the UL-

BIC 756, the OIMs 770 and RAUs 771 as will be described in more detail below.

[00142] As illustrated in FIG. 15A, the OIC 770' comprises a six-way downlink

splitter 814 electrically coupled to an uplink coaxial connection 771, a six-way uplink

combiner 816 electrically coupled to a downlink coaxial connection 772, six downlinks

818, six uplinks 820, six E/O converters 824, six O/E converters 826, and connectors

774. As illustrated, each OIC 770' is designed to support at least six RAUs 650. The

number of RAUs 650 can be varied, however, depending upon the particular application.

In the illustrated embodiment, the connectors 774 are dual SC/APC interfaces. Referring

also to FIG. 16A, the downlink splitter 814 divides an RF electrical downlink signal into



multiple RF electrical signals, as desired, each being forwarded to a multi-band downlink

818, which filters the RF signal into a number of desired separate bands. If the optical

fiber-based wireless system 600 is used to provide cell phone service alone, for example,

the 3-band downlink 818 can be used. If the optical fiber-based wireless system 600 is to

be used to support other and/or additional services, such as WiFi, LAN, etc., the HEU

610 can be adapted to accommodate the required bands. The filtered signals from each

multi-band downlink 818 are forwarded to an E/O converter 824, each E/O converter 824

supporting a RAU 650. Each E/O converter 824 converts the filtered electrical RF signal

into an optical signal for use by a RAU 650. The combiner 816 receives electrical

downlink signals from multi-band downlinks 818, which in turn receive electrical signals

from O/E converters 826. Each O/E converter 826 receives optical signals from a RAU

650 and converts it to an electrical signal. As shown in FIG. 16A, calibration signals Bl,

B2, B3 can be inserted into the RF paths of the three bands in the multi-band downlink

818. FIG. 17 shows a perspective and an end view of the OIM 770. FIG. 16B illustrates

an alternative OIC 771 where the downlink splitter 814 does not spilt of the RF downlink

signal into multiple bands.

[00143] FIG. 18A is a schematic diagram of the downlink BIC 754, which can

comprise a single printed circuit board. FIG. 18B illustrates another downlink BIC 754,

supporting up to twelve output to OIMs 770 instead of six outputs to OIMs 770 as

provided in FIG. 18A. The downlink BIC 754 receives input signals from the BTS 670,

combines the inputs, and then splits the combined signal into six outputs for use by the

OIMs 770. Switching in the downlink BIC 754 can be controlled by the processing

section 742 of the HEU 773 (see FIG. 12B). Further, as illustrated in FIGS. 18A and

18B, the ports of the downlink BIC 754 may be terminated when not in use by a resistor,

which in this example is fifty (50) Ohms. Switches under software control may be

provided that can be controllably switched to couple the resistor to the termination port

when not in use. For example, termination may be desired when a port is not in use to

minimize or eliminate reflections in the optical paths of the communication downlink.

[00144] FIG. 19A is a schematic diagram of the uplink BIC 756, which can comprise a

single printed circuit board. The uplink BIC 756 combines the electrical output signals

from up to six (6) OIMs 770 and generates four output signals to the BTS 670. Two



calibration filters 837A, 837B are provided for each output signal to the BTS 670 to filter

out each of the two frequencies employed for the calibration signal from the output signal

in this embodiment, as will be described in more detail below. FIG. 19B is a schematic

diagram of the uplink BIC 756, which can comprise a single printed circuit board. The

uplink BIC 756 combines the electrical output signals from up to twelve (12) OIMs 770

and generates four output signals to the BTS 670. Further, as illustrated in FIGS. 19A

and 19B, the ports of the uplink BIC 756 may also be terminated when not in use by a

resistor, which in this example is fifty (50) Ohms. Switches under software control may

be provided that can be controllably switched to couple the resistor to the termination

port when not in use. For example, termination may be desired when a port is not in use

to minimize or eliminate reflections in the optical paths of the communication downlink.

[00145] FIG. 20 is a schematic diagram of a RAU 650. The RAUs 650 are the

remotely located endpoints for service signal distribution in the optical fiber-based

wireless system's 600 service area. The RAUs 650 provide signal conditioning such that

client devices can operate as if they were communicating with a BTS 670 directly. The

illustrated RAU 650 includes a connector 830 that interfaces with an antenna system

(shown in FIGS. 21 and 22). In an example embodiment, the antenna system 858

includes one or more patch antennas, such as disclosed in the previously incorporated

U.S. Patent Application Serial No. 11/504,999. The RAU 650 interfaces to the HEU 610

via optical fibers in the optical fiber cables 644 that provide the conduit for radio, control

signals, etc. and interfaces with the client device via radio signals. The RAU 650 receives

downlink signals conveyed by the optical fiber cable 644 sent from a HEU 610, where an

O/E converter 840 converts the optical signal to an RF electrical signal. An E/O

converter 844 converts RF uplink data into an optical signal forwarded to a HEU 610.

[00146] The functions that the RAU 650 may perform include setting the output power

or gain of the downlink signals, providing signal conditioning for the uplink to properly

interface radio signals to the optical conversion module, and providing status information

back to a HEU 610. The signal on the optical link can be broadband containing the bands

of signals supported by the optical fiber-based wireless system 600. The RAU 650 splits

these signals in three and routes them to separate band-limited circuits. For each band,

the signal path consists of amplifiers, filters and attenuators that adjust the signal to the



proper level at the antenna 858 for transmission. The minimum gain of the signal path

may be determined from the maximum output power that can be transmitted (+14dBm)

and from a minimum desired input power for the multi-band downlink 818. For example,

to transmit at a level of +14dBm (composite total across the band) Code Division

Multiple Access (CDMA) signal formats (which have peak to average power ratios of 10

dB), the output stage of the downlink signal must have a one dB compression point of

+24 dBm. The output of the amplifier goes through a duplexor that combines the bands

before it is transmitted.

[00147] The downlink circuitry may have the ability to be turned on or off based upon

the user setup for the optical fiber-based wireless system 600. It may be desired to turn

off unused circuits, for example, for power conservation and to also reduce the possibility

of interference or crosstalk between the other frequency bands. The downlink also

detects and measures the calibration signals Bl, B2, B3 generated by the multi-band

downlink 818 (FIG. 16A). The calibration signals Bl, B2, B3 are used to calculate the

loss of the optical path and also to calculate the downlink gain. These two measurements

are used to control the overall signal gain/output power from the BTS 670 to the antenna

858 of the RAU 650. All of the downlink individual band signals are combined and

interfaced to the antenna 858. The duplexer combines the three downlink bands as well

as interfaces the antenna to the uplink amplifiers.

[00148] The downlink circuitry carries RF communication signals to the E/O converter

824 to be communicated to the RAU 650 and to client devices wireless communicating

with the RAUs 650. The uplink circuitry conditions signals received at the antenna 858

from client devices and converts them to optical signals for transmission to the OIM 770

via the optical fiber cables 644. The uplink circuitry provides gain for the signal prior to

the optical conversion, injects the calibration signal for calculation of the uplink gain, and

inserts the data communications signal. The amount of gain for the uplink amplifiers is set

from the requirement for the maximum input signal received by the antenna 858, and also

by the maximum signal level that can be input into the transmitting optical subassembly.

The RAU 650 can communicate with the OIM 770 to pass status information to the OIM

770 and to receive operational and configuration information from the RAU 650. An

amplitude-modulated signal can be combined with radio signals to allow communications



between the RAU 650 and the OIM 770. Simple On/Off keying of the frequency source

should provide a low cost and sufficient solution. The carrier frequency is 10.7 MHz

using a standard RS-232 protocol. The

[00149] FIGS. 21 and 22, respectively, are a perspective view and a side view of a

RAU 650 with the cover of the unit omitted to show the unit interior. The RAU 650

includes a printed circuit board 850 that can support the unit's circuit components, a

protective housing 854, and an antenna 858 mounted on a bracket 862. An SC duplex

adapter 866 mounted on a bracket 870 provides optical connectivity. A visual indicator

874 such as a light-emitting diode (LED) can be provided to indicate when the RAU 650

is in operation. An RF N-type connector 878 provides RF connectivity between the RAU

650 and the antenna 858. A universal serial bus (USB) port 882 provides connectivity

between the printed circuit board 850 and a computer user interface (not shown). An

entry point 886 allows for entry of optical and power cables in the unit and a furcation

mount 890 provides a mechanical mounting bracket for optical and/or power cable

furcation. A power connector 894 connects the cable electrical conductor to the printed

circuit board 850.

[00150] According to the above embodiments, a variety of wireless services may be

provided to a coverage area. Optical signals are used to transmit data to the RAUs 650,

which allows the RAUs 650 to operate using a relatively low voltage source. A low

operating voltage of 48V or less, for example, avoids many of the more onerous

requirements of the National Electrical Code. The optical fiber-based wireless system 600

provides the advantage of modularity in that the RAUs 650 can be selected to have a

number of differing functionalities, with the HEUs 610 also being capable of multiple

functionalities, such as varying operating bands. The exemplary optical fiber-based

wireless system 600 is described as supporting three bands to support a variety of services

for the coverage area of the optical fiber-based wireless system 600. The optical fiber-

based wireless system 600 can be adapted, however, to support additional frequency

bands. The RAUs 650 can be placed selectively in the coverage area to ensure a good

signal at each subscriber location. After the passive cabling has been deployed, client

devices can be added at any time. Frequency bands can also be added or changed after



initial deployment to support capacities such as 3G, cellular, WIMAX, LTE, retail,

healthcare applications, RFID tracking, WiFi, and other capabilities.

[00151] An optical fiber-based wireless system 600 as illustrated in FIGS. 11A-22 is

capable of operating in one or more of the following bands (MHz) on downlink in this

embodiment: 869-894 (US Cellular), 1930-1990 (US PCS), 2 110-2155 (US AWS), 925-

960 (GSM 900), 1805-1880 (GSM 1800), and 2 110-2170 (GSM 2100). The optical

fiber-based wireless system 600 is capable of operating in one or more of the following

bands (MHz) on uplink in this embodiment: 824-849 (US Cellular), 1850-1910 (US

PCS), 1710-1755 (US AWS), 880-915 (GSM 900), 1710-1785 (GSM 1800), 1920-1908

(GSM 2100). Input power to the HEU 610 is between 110-220 VAC, 350 W in this

embodiment. The input power to the RAUs 650 is about 48 VDC in this embodiment.

[00152] To provide flexibility in installing, operating, and maintaining an optical fiber-

based wireless system, microprocessors that execute software of firmware (referred to

collectively herein as "software") can be employed in such systems and their components

to provide certain functionalities. Such optical fiber-based wireless systems can include

the optical fiber-based wireless system 100, 200, 400, and 600 previously described.

Software provides flexibility in system operation and communication between various

components of an optical fiber-based wireless system for a variety of purposes and

functionality, as will be described in more detail below.

[00153] For example, as illustrated in FIG. 23, another exemplary optical fiber-based

wireless system 900 is illustrated. A head-end unit (HEU) 902 is provided that includes

software executing on one or more microprocessors or microcontrollers. As will be

described in more detail below, the microprocessor/microcontroller included in the HEU

902 is a distinct system from the RF components in the HEU 902. Thus, the

microprocessor/microcontroller included in the HEU 902 can operate even if the RF

components are not operational, and vice versa. This allows the

microprocessor/microcontroller included in the HEU 902 to operate to perform various

functions, including monitoring and generating alarms and logs, as will be discussed in

more detail below, without interrupting the RF signals communicated in the optical fiber-

based wireless system. This provides an advantage of being able to power-down, reboot,

troubleshoot, and/or load or reload software into the HEU 902 without interrupting RF



communications. Further, because the microprocessor/microcontroller included in the

HEU 902 is distinct from RF communications, swapping in and out RF-based modules is

possible without interrupting or requiring the microprocessor/microcontroller included in

the HEU 902 to be disabled or powered-down. The microprocessor/microcontroller

included in the HEU 902 can continue to perform operations for other RF-based modules

that have not been removed while other RF-based module(s) can be removed and

replaced.

[00154] The HEU 902 also includes downlink and uplink BICs 903 that receive and

transmit RF carrier signals, respectively, to and from one or more RAUs (RAUs) 906 via

optical fiber links, as previously discussed. The downlink and uplink BICs (not shown) in

the HEU 902 also contain one or more microprocessors or microcontrollers that execute

software for performance in this embodiment, as will be described in more detail below.

The RAUs 906 are interfaced to the HEU 902 via OIMs 910 as previously discussed to

transport Radio-over-Fiber (RoF) communication signals (or "optical RF signals")

between the BICs 903 and the RAUs 906 over the optical fiber links 904, as previously

discussed. The OIMs 910 in this embodiment also contain one or more microprocessors

executing software, as will be described in more detail below. The RAUs 906 include

optical-to -electrical converters (not shown) to convert received RoF signals from the

OIMs 910 into RF signals that are radiated via antennas 905 connected to the RAUs 906.

The RAUs 906 also each contain one or more microprocessors that execute software, as

will be described in more detail below. More detail regarding the components of the

optical fiber-based wireless system 900 and their operability is discussed in more detail

below with regard to FIGS. 25-54.

[00155] With continuing reference to FIG. 23, by providing microprocessors or

microcontrollers executing software in the components of the optical fiber-based wireless

system 900, and more particularly the HEU 902, software-based interfaces to the optical

fiber-based wireless system 900 can be provided. Interfacing to the optical fiber-based

wireless system 900 can allow flexibility in configuring and monitoring the optical fiber-

based wireless system 900, as will be described by example in more detail below. For

example, the HEU 902 in FIG. 23 can be configured to provide a direct connection

interface 907 to a local client 908 via a local access port 909, which may be a serial port



for example. The local access port 909 may be communicatively coupled to components

in the HEU 902 via a midplane interface card provided in a chassis 911 housing the HEU

902, as an example. The local client 908 may be a human interface that is provided by a

computer or terminal as an example. The direct connection interface 907 may be

provided according to any type of physical connector (e.g., USB) and protocol desired

(e.g., RS-232).

[00156] As also illustrated in FIGS. 23 and 24, the HEU 902 can also be configured

to interface over one or more networks 912 to provide remote access to functionalities

configured to be provided by the optical fiber-based wireless system 900 over the network

912, including the HEU 902 and its components and the RAUs 906. Network interfaces

also facilitate remote access to the optical fiber-based wireless system 900. Remote

access and functionalities may include the ability to configure, monitor status, receive and

view alarms and event logs, and update software for the optical fiber-based wireless

system 900 and its components, as will be described in more detail below. These various

functionalities and remote access are included in communication operations that can be

performed by the HEU 902. One or more network interface cards or boards 914 may be

provided in the chassis 911 of the HEU 902 to communicatively couple components of

the optical fiber-based wireless system 900 to the network 912. As examples, the

network 912 may include an Ethernet physical connection. The HEU 902 may include an

Ethernet board to facilitate connection to the network 912 and to other HEUs 902, as will

be described in more detail below.

[00157] As illustrated in FIG. 24, the HEU 902 may include an interface layer 918 that

handles communication responses and requests regarding the optical fiber-based wireless

system 900 and its components and services 919 that will be described in further detail

below, to and from clients 920 over the network 914. Clients 920 may include

deployment clients 922 that access the optical fiber-based wireless system 900 during

deployment and operational clients 924 that access the optical fiber-based wireless system

900 during operation. The clients 920 may be human clients or other systems. Examples

of deployment clients 922 include administrators 926, users 928, and wireless operators

930. Examples of operational clients 924 include engineers 932, monitoring operators

934, and network management systems 936.



[00158] The communication services provided by the interface layer 918 to the clients

920 may be provided according to any communication interface and protocol desired. As

illustrated in FIG. 24, examples include a command line interface module 938, a hypertext

transfer protocol (HTTP) interface module 940, and/or a Machine Interface (MI) protocol

interface module 942 may be provided in the interface layer 918 to provide simultaneous

client interfacing for clients 920 the optical fiber-based wireless system 900. The interface

modules 938, 940, 942 may be designed so that software specific to the optical fiber-

based wireless system 900 may not be required to be installed on the clients 920. In this

embodiment, the command line interface module 938 facilitates interfacing with a serial

emulator client using any terminal emulation software installed on a client 920 (e.g.,

Telnet, HyperTerm, etc.) The command line interface module 938 allows a client 920 to

configure the HEU 902, including the ability to configure either a static or dynamic

internet protocol (IP) address for network communications.

[00159] The HTTP interface module 940 facilitates interfacing with web browser

clients executing a web browser (e.g., Internet Explorer®, Firefox®, Chrome®, and

Safari® browsers, etc.). The MI interface module 942 facilitates interfacing with an MI

client through an MI protocol. An example of an MI protocol is Simple Network

Management Protocol (SNMP). In this example, the MI protocol interface 942 could be

an SNMP agent. Certain features may be exclusively accessible through certain interface

modules 938, 940, 942. More detail regarding the interface layer 918 and accessing of

the optical fiber-based wireless system 900 via the interface layer 918 and the services 919

provided by the optical fiber-based wireless system 900, including through the interface

layer 918, are described in more detail below.

[00160] Before discussing the various features and functions provided by the optical

fiber-based wireless system 900 and the HEU 902 in this embodiment via software-based

applications executing on microprocessors, an exemplary hardware and software

deployment diagram of the optical fiber-based wireless system 900 and external

components is first discussed. In this regard, FIG. 25A is a schematic diagram illustrating

an exemplary microprocessor and software deployment diagram of the optical fiber-based

wireless system 900 and external components that can interface to the optical fiber-based

wireless system 900. More particularly, the diagram in FIG. 25A illustrates the various



microprocessors or microcontrollers provided in the HEU 902, including the BICs 903,

the OIMs 910, and the RAUs 906 to facilitate a discussion of the microprocessor and

software-based features and controls of the optical fiber-based wireless system 900. As

illustrated in FIG. 25A and previously discussed, RF-based modules that include a

downlink BIC 949 and an uplink BIC 950 are coupled to the OIMs 910 via RF links 951,

952 to send and receive RF electrical signals to the OIMs 910, which are communicated

as RoF signals over RoF links 953 to and from the RAUs 906. The downlink BIC 949

and the uplink BIC 950 are coupled via RF links 954, 955, respectively, to a BTS 956 to

receive and provide RF carrier signals. In this embodiment, up to twelve (12) OIMs 910

can be provided in the HEU 902 and interfaced to the downlink BIC 949 and uplink BIC

950.

[00161] As illustrated in FIG. 25A, the HEU 902 in this embodiment includes a single

board HEU controller 958. The HEU controller 958 includes an HEU microprocessor

960 in this embodiment that executes an operating system and application software to

perform various features and functions, as will be described in more detail below. These

various features and functions are provided by the HEU controller 958 carrying out

communication operations as will be described in more detail below. In this embodiment,

the HEU controller 958 can be provided as a general purpose commercially available

computer board or a customer design computer board and may be provided on a single

PCB. One example of a commercially available computer board that may be employed is

manufactured by EmbeddedPlanet. The HEU microprocessor 960 can be the 440EP™

microprocessor in this embodiment. The HEU microprocessor 960 is configured to and

executes the Linux® operating system in this embodiment; however, any other operating

system desired could be employed. The application software and operating system reside

in memory or datastore 966 (e.g., Flash, EEPROM, RAM, etc.) provided as part of the

HEU controller 958. The application software provided in this embodiment is specific to

the optical fiber-based wireless system 900.

[00162] The HEU controller 958 includes several software components or modules

that provide the features and functionality of the HEU 902 and optical fiber-based

wireless system 900, as will be described in more detail below. As illustrated in FIG.

25A, the HEU controller 958 includes a HEU controller software module 964 that



provides the application software that controls the overall process and features and

functions carried out by the HEU microprocessor 960 in the HEU controller 958 for the

HEU 902. The HEU microprocessor 960 executes the HEU controller software module

964 along with other processes in a multi-threaded system. The HEU controller software

module 964 is stored in datastore 966 and retrieved by the HEU microprocessor 960

during execution as one process. In this embodiment, the HEU controller software

module 964 is configured to call upon a common module (COMMON INCLUDE) 968

that contains a library of software functions used to assist carrying out various features

and functions of the HEU controller software module 964. For example, the common

module 968 may contain a dynamically linked library (DLL) of software functions. The

common module 968 can include software functions that interface with the different

hardware components in the HEU 902 via I2C communications in this embodiment.

[00163] The HEU controller 958 in this embodiment also includes a communications

module (COMMS) 970 that contains the communications layer for the HEU controller

software module 964. The HEU controller software module 964 initiates the

communications module 970 to communicate with the other modules and components of

the HEU 902, including the downlink and uplink BICs 949, 950 and the OIMs 910, to

carry out features and functionalities in the optical fiber-based wireless system 900.

During initialization, the software in the communications module 970 dynamically links

HEU controller software module 964. In this manner, the communications layer provided

in the communications module 970 is abstracted from the HEU controller software

module 964 to provide flexibility for updating or altering the communications layers in the

HEU 902 without requiring updating of the HEU controller software module 964.

[00164] In this embodiment, the communications module 970 communicates to the

downlink and uplink BICs 949, 950 and the OIMs 910 via addressable messages

communicated over an I2C communication bus 972, as illustrated in FIG. 25A. The I2C

communication bus 972 may have a designed bus speed, such as 100 kHz as a non-

limiting example In this manner, the downlink and uplink BICs 949, 950 and the OIMs

910 are individually addressable in the HEU 902 over the I2C communication bus 972.

Other types of communication buses could be employed. The communications to the

downlink and uplink BICs 949, 950 and the OIMs 910 are independent of the RF



communications involving these modules. Thus, RF communications are not interrupted

if the communications module 970, the HEU controller 958, or other software or

processes executed by the HEU controller 958 are not operational. This provides an

advantage of the RF communications not being dependent on the operation of the HEU

controller 958 in case of failure. Further, this allows the HEU controller 958 or its

software to be upgraded, rebooted, powered down, replaced, repaired, etc. without

interrupting RF communications in the system 900. This may also be advantageous if

Quality of Service (QoS) requirements are stringent.

[00165] The downlink and uplink BICs 949, 950 each have their own microprocessors

or microcontrollers 965, 967 that execute software stored in their respective datastore

969, 971, respectively, to process the I2C messages from the communications module

970, and to provide responses over the I2C communication bus 972 to the

communications module 970 to be passed on to the HEU controller software module 964

and additionally to control board functions. The microprocessors 965, 967 communicate

with components in their respective downlink and uplink BICs 949, 950 to provide

services requested by the HEU controller software module 964. The OIMs 910 also each

have their own microprocessor 973 that executes software stored in datastore 975 to

process the I2C messages from the communications module 970. The microprocessor 973

messages to microprocessors 977 in the RAUs 906 over direct links 979 to configure

RAUs 906 and to provide other functionalities initiated by the HEU controller 958 and

the HEU controller software module 964, as will be described in more detail below. As

illustrated in FIG. 26 and discussed below, I2C communications are not employed

between the OIMs 910 and the RAUs 906 in this embodiment, because the RAUs 906

connect directly via serial communications to UART chips on the OIMs 910. As

illustrated in FIG. 25A, up to twelve (12) OIMs 910 can be provided in the HEU 902 and

interfaced to the HEU controller 958 in this embodiment.

[00166] The HEU controller 958 in this embodiment also includes an interface

manager module (INTERFACE MANAGER) 974 that controls the interface between the

HEU controller software module 964 and the interface modules 940, 942. In this

embodiment, the interface module 940 is a web server, and the interface module 942 is an

SNMP agent. When the HEU controller software module 964 communicates to the



interface modules 940, 942, the HEU controller software module 964 calls upon the

interface manager module 974 which in turn calls upon the appropriate interface modules

940, 942 for external communications to clients 920 (FIG. 24). Similarly, communication

requests received by the clients 920 for the HEU 902 are communicated from the

interface modules 940, 942 to the HEU controller software module 964 for processing via

the interface manager module 974. In this manner, the interface manager module 974 is

abstracted from the HEU controller software module 964 to provide flexibility for

updating or altering the interface layers 918 or adding new interface modules and protocol

capabilities to the HEU 902 without requiring updating of the HEU controller software

module 964. The HEU controller 958, the interface manager module 974 and the

interface modules 940, 942 are each separate processes executed by the HEU

microprocessor 960. The HEU controller 958, the interface manager module 974, and

the interface modules 940, 942 communicate to each other via inter process

communications (IPC).

[00167] Visual indicators, such as light emitting diodes (LEDs) for example, may be

included in the HEU 902 and its various components and the RAU 906 to visually

indicate the status of such components to a technician or other personnel when on-site at

the HEU 902 and/or RAUs 906. In this manner, general status information can be

determined without having to log in to the HEU 902, unless desired. In this regard, FIG.

25B illustrates a table of the HEU 902 and RAU 906 modules with labels 959 on each

module. The labels 959 represent a single visual indicator, which in this embodiment is an

LED. The module controls its visual indicators to indicate status visually. The status of

the module is indicated by controlling the visual indicator on the module as either "Oft"

961, "Green" 963, "Yellow" 981, or "Red" 983 state in this embodiment. The meaning of

each state is noted in the table in FIG. 25B.

[00168] In this embodiment, the HEU controller 958 is a distinct system from the RF

modules (i.e., downlink BIC 949, uplink BIC 950, OIMs, 910, and RAUs 906) and their

components. Thus, the HEU controller 958 can operate even if the RF modules and their

components are not operational, and vice versa. This allows the HEU controller 958 to

operate to perform various functions, including without limitation monitoring and

generating alarms and logs, and other tasks as will be described in greater detail below,



for RF components without interrupting the RF signals communicated in the RF modules.

These various functions are provided by the HEU controller 958 carrying out

communication operations with modules in the system 900 including the downlink BIC

949, the uplink BIC 950, the OIMs 910, and/or the RAUs 906. This provides an

advantage of being able to power-down, reboot, troubleshoot, and/or load or reload

software into the HEU controller 958 without interrupting RF communications in the

HEU 902 or RAUs 906. Further, because the HEU controller 958 can be distinct from

RF communications, swapping in and out the modules in the HEU 902 and RAU 906 is

possible without interrupting or requiring the HEU controller 958 to be disabled or

powered-down. The HEU controller 958 can continue to perform operations for other

RF modules that have not been removed while other RF-based module(s) can be removed

and replaced.

[00169] FIG. 26 illustrates more detail regarding the RF link communication

specification between the HEU 902 and the downlink BIC 949, the uplink BIC 950, and

the OIMs 910 coupled to the OIM 910 in this embodiment. The downlink BIC 949 and

the uplink BIC 950 each have their own absolute I2C addresses (e.g., address 1 and 2).

As illustrated therein, there are twelve (12) slots 980, 982 provided in each of the

downlink and uplink BICs 949, 950 in this embodiment. Up to twelve (12) OIMs 910 can

be coupled to the downlink and uplink BICs 949, 950 in the HEU 902 via the slots 980,

982 to provide hardware addressing between the downlink and uplink BICs 949, 950 and

the OIMs 910 The downlink BIC 949 carries an RF signal from the BTS 956 (FIG.

25A) to the OIMs 910 destined for a particular RAU 906. Similarly, the uplink BIC 950

carries signals from the RAUs 906, via the OIMs 910, to the BTS 956. The OIMs 910

also each have individual I2C addresses that each allow communications individually to

RAU 906 coupled to the OIMs 910. As illustrated in FIG. 26, one OIM 910 (which is an

OIC in this embodiment) is illustrated as connected to slot number three (3) on the

downlink and uplink BICs 949, 950 via a midplane interface card; thus, the hardware

address of the illustrated OIM 910 is slot number 3 . Providing an communication

message to slot number 3 provides communications from the downlink and uplink BICs

949, 950 connected to slot 3 with the OIMs 910 coupled to slot 3 as illustrated in FIG.

26.



[00170] An example of a hardware address format 984 is provided in FIG. 27. As

illustrated therein, the hardware address format 984 in this embodiment is comprised of

ten (10) bits. Five (5) bits are provided to accommodate a slot number 986, and four (4)

bits are provided to accommodate an I2C number 988. Each OIM 910 can accommodate

up to three (3) I2C addresses 991 in this embodiment, as illustrated in FIG. 26, to

accommodate up to three (3) individually addressable RAUs 906 in this embodiment.

Each RAU 906 is connected directly to the OIM 910 and thus I2C communications are

not used for communications between the OIMs 910 and the RAUs 906. Thus, to

address a particular RAU 906, the slot number of the OIM 910 coupled to the RAU 906

to be addressed is provided in the slot number 986 followed by the I2C number 988 of the

RAU 906. Thus, in this embodiment, the hardware address format 984 can accommodate

up to thirty-two (32) slot numbers on the downlink and uplink BICS 949, 950, if

provided, and up to sixteen (16) I2C addresses per OIM 910 for a maximum of forty-eight

(48) RAUs 906 per OIM 910.

[00171] FIG. 28A illustrates an exemplary I2C point address 990, which includes the

I2C address 984 with an RAU 906 number 992 and a point identification (ID) 991 for I2C

communications between the HEU 902 and modules to communicate point information.

Thus, the I2C address 984 is the destination for the I2C communication message. The

point ID 991 represents a type of point regarding a component of the optical fiber-based

wireless system 900. Point information or a point value regarding the point follows the

point I2C address 991 in an I2C communication message. Point IDs are defined during the

design of the optical fiber-based wireless system 900 and are built into the software

architecture of the optical fiber-based wireless system 900 so that information regarding

modules (i.e., OIMs 910 and RAUs 906) can be monitored by the HEU controller 958.

The points IDs 991 can be static or dynamic points. Static points are used to provide

static information regarding a component that does not change. Dynamic points are used

to provide dynamic information that can change to provide a current status or information

regarding a component. Points can also be alarmable or non-alarmable as will be

discussed in more detail below.

[00172] Clients 920 accessing the optical fiber-based wireless system 900 may be

interested in points for a variety of reasons. For example, by monitoring a point, a check



on status and health of a component in the optical fiber-based wireless system 900 can be

performed. The points can be monitored and used to calculate alarms (e.g., if a particular

hardware component is operating outside a tolerable range). Points can also be used to

provide information or point values to clients 920 and used to calculate and/or generate

alarms. Multiple points can be associated with the different hardware boards in the

optical fiber-based wireless system 900 (i.e., HEU 902, downlink BIC 949, uplink BIC

950, OIMs 910, and RAUs 906). The point values monitored can also be used to

determine aging of the modules. For example, the degradation of performance can be

tracked over time by tracking the performance indicators communicated in points from

the modules to the HEU 902.

[00173] Different microprocessors for different components of the HEU 902 and

optical fiber-based wireless system 900, as previously described and illustrated in FIG.

25A, are capable of providing a point address 990 and point information in an I2C

communication message. The point format 992 is provided as part of a header to the I2C

communication message to allow information regarding components and their status to be

communicated to the different software modules in the HEU 902 and in particular to the

HEU controller software module 964. The HEU controller software module 964 will

provide certain functionalities to clients 920 based on the point ID 994, as will be

described in more detail below.

[00174] FIG. 28B illustrates an exemplary points list 993 that may used to store points

994 based on hardware details. The points 994 may be associated with point address that

contain point IDs 991 to be identified with the HEU controller 958. Four (4) points are

shown in the points list 993, one for each board type 995 (i.e., RAU, DL BIC, UL BIC,

and OIM). However, this point list 993 is only a partial list in this embodiment. A

plurality of points may be provided for each board type 995. A device type 996 where the

point 994 is located can be provided in the points list 993, which the points 994 example

illustrated in FIG. 28B is a microprocessor. The point 994 may map to hardware

information 996, including a hardware signal name 996A, a pin name 996B and pin

number 996C of the device, a hardware characteristics 996D of the pin (e.g., input,

output), and a hardware description 996E among other information. FIG. 28C illustrates

the points list 993 in FIG. 28C as a points list 999 accessible at the communications



module 970 (FIG. 25A) level. A s illustrated therein, the points have a code variable

name 998A for the software as well as a point abbreviation name 998B. The point

abbreviation name 998B is used to provide the point information to clients 920.

[00175] The point abbreviation name 998B may follow a standard configuration. For

example, the first letter in the point abbreviate name 998B may be the board type (e.g.,

"R" = RAU; "D" = downlink BIC; "U" = uplink BIC; and "O" = OIM). The second and

third letters in the point abbreviation name 998B may be the direction of the point (e.g.,

"IN" = input; "OU" = output; "MO" = module; "Bx" = band number, "Ox" = oscillator

number, etc.). The fourth letters in the point abbreviation name 998B may be the

component type (e.g., "A" = amplifier; 'TSf" = attenuator; "O" is oscillator, "S" = switch,

etc.). The fifth and sixth letters in the point abbreviation name 998B may be the

component characteristic (e.g., "L" = level; "S" = status; "E" = enable/disable, etc.) and

its instance identification.

[00176] As discussed above, points are defined by the optical fiber-based wireless

system 900. More particularly, the component of the optical fiber-based wireless system

900 responsible for providing particular points is also responsible for providing

characteristic information regarding the points to the HEU controller 958, and more

particularly to the HEU controller software module 964 when the component is

enumerated or initialized. In this manner, each component in the optical fiber-based

wireless system 900 can provide information on the meaning of points under its

responsibility and how such points should be handled or treated by the HEU controller

software module 964 for flexibility. The enumeration process for components of the

optical fiber-based wireless system 900 will be described in more detail below.

[00177] As illustrated in FIG. 29, characteristics regarding each point are provided by

flagbits 999 in this embodiment. The flagbits 999 are provided for each point on

enumeration of a component in the optical fiber-based wireless system 900 responsible for

providing such point. The flagbits 999 are received by the HEU controller software

module 964 and are used to determine characteristic information represented by bit flags

and how received points should be handled, including for calculating alarms on the points.

As illustrated in FIG. 29, thirty-two (32) bits are provided in the flagbits 999 in this

embodiment. Bit number 31, UL/DL PATH, indicates whether a point is associated with



a downlink or uplink path of the optical fiber-based wireless system 900. Bit numbers 30-

28 provide three (3) bits to provide a units hi, mid, and Io (UNITS HI, UNITS MID, and

UNITS LO) for the point. Bit numbers 27 and 26 (TYPE HI and TYPE LO) represent a

two-bit value indicating whether a point value or information provided for the point is in

ASCII or 16-bit binary format (i.e., "00" means binary, "01" means 16 byte ASCII value,

"10" means 32 byte ASCII value, and " 11" means 64 byte ASCII value). Bit number 25

(WRITEABLE) indicates if the point's value is writeable by the HEU 902. Bit number 24

(ALARMABLE) indicates whether the point may report alarm bits to be used to provide

alarm information, as will be described in more detail below.

[00178] With continuing reference to FIG. 29, bit number 23 (MODULE ALARM)

can indicate that an alarm point is set by hardware and not calculated by the HEU 902, if

modules can provide alarms to the HEU 902. Bit numbers 22 and 2 1 (ALARM TYPE

HI, ALARM TYPE LO) indicate the type of alarm provided by the point (i.e., "00" means

Boolean alarm; "01" means high alarm; "10" means low alarm; and " 11" means sticky

alarm). The alarm type may control how the alarm is handled by the HEU 902 and/or the

client 920. Bit number 20 (DYNAMIC) indicates whether the point is a static or dynamic

point (i.e., "0" means static; and "1" means dynamic in this embodiment). Static points

cannot change their point value, but dynamic points can change their point value. Bit

numbers 19-14 in this embodiment provide the initial offset (INIT OFFSET FCN), initial

stepsize (INIT SETPSZ FCN), initial hysteresis stepsize (INIT HYSTER FCN), initial

threshold (INIT THOLD FCN, initial setpoint (INIT SETPT FCN) and initial value (INIT

VALUE FCN). The "FCN" notation indicates that the initial values for these bits are

defined by a function rather than a predefined, fixed value.

[00179] Bit numbers 13-12 in this embodiment (UNALLOCATED) are unallocated.

Bit number 10 (VALUE) indicates whether a point value is present for the point followed

in an enumeration query. Bit number 9 (NAME) indicates that there is an ASCII

character name associated with the point. Bit number 8 (SETPOINT) indicates that there

is a 16-bit setpoint associated with the point. Bit number 7 (THRESHOLD) indicates

that there is a 16-bit threshold value associated with the point. Bit number 6

(HYSTERESIS) indicates that there is a 16-bit hysteresis value associated with the point.

Bit numbers 5 and 4 (MIN THRESHOLD and MAX THRESHOLD) indicate that there



are minimum and maximum threshold values associated with the point. Bit numbers 3 and

2 (MIN HYSTERESIS and MAX HYSTERESIS) indicate that there are minimum and

maximum hysteresis values associated with the point. Bit number 1 (STEP SIZE)

indicates that there is a 32-bit floating point step size associated with the point. Bit

number 0 (OFFSET) indicates that there is a 32-bit float point offset associated with the

point.

[00180] Against the backdrop of the microprocessor and software architecture and

communication of the HEU 902 and the HEU controller 958 discussed above, the

remainder of this disclosure will discuss the exemplary features and functions that can be

carried out by the HEU controller 958. In this regard, FIG. 30 illustrates an exemplary

thread diagram 1000 in the HEU controller 958 of the HEU 902 of the optical fiber-based

wireless system of FIG. 23. More specifically, the thread diagram 1000 includes threads

1002 or software processes executed by the HEU microprocessor 960 in a multi-tasking

environment. The threads perform various features and functions, some of which involve

communicating with components of the HEU 902 and optical fiber-based wireless system

900. FIG. 30 also illustrates the inter-thread communication (i.e., request and response)

paths between the different threads 1002 and modules to carry out designed features and

functions of the HEU 902 and the optical fiber-based wireless system 900. In this

embodiment, the communications between different threads 1002 are carried out by

interprocess communications (IPC) as previously discussed. Each thread 1002 includes a

message queue (not shown) stored in datastore 966 that receives requests from other

threads 1002. Each thread 1002 reviews its own request queue to process any requests

and to then provide responses to the requesting thread 1002. Further, the datastore 966

can be configured as shared memory to allow different threads 1002 to access the

datastore 966 to access or share information.

[00181] As illustrated in FIG. 30, six (6) threads 1002 are provided in the HEU

controller 958 and executed by the HEU microprocessor 960. A HEU controller process

1001 is the first process that starts upon start-up or reset of the HEU 902 and HEU

controller 958. The HEU controller process 1001 is provided as software that executes at

startup or reset from the HEU controller software module 964 in this embodiment. The

HEU controller process 1001 controls the overall process performed by the HEU



controller 958. The HEU controller process 1001 starts and controls five (5) other

threads 1002 at initialization or reset of the HEU 902. In general, one thread 1002

started by the HEU controller process 1001 is the logger thread (LOG) 1004. The logger

thread 1004 is responsible for logging event information for the HEU 902 and the optical

fiber-based wireless system 900 in datastore 966 (FIG. 23). More information regarding

the logger thread 1004 and its functions are discussed in more detail below. Another

thread 1002 initiated by the HEU process 1001 that is executed by the HEU

microprocessor 960 is the communications thread 1006 (COMM). The communications

thread 1006 provides the communications interface between the HEU controller process

1001 and other components of the HEU 902 and RAUs 906 in the optical fiber-based

wireless system 900 as previously discussed. The communications thread 1006 calls upon

the communications module 970 to communicate with such other components as

previously discussed with regard to FIG. 23.

[00182] Another thread 1002 initiated by the HEU controller process 1001 that is

executed by the HEU microprocessor 960 is the scheduler thread 1007 (SCHEDULER).

Among other features, the scheduler thread 1007 is responsible for discovering and

initializing or enumerating components or modules in the HEU 902 and the optical fiber-

based wireless system 900, generating point list information based on the flagbits 999

(FIG. 29), updating module states and point information, and calculating and reporting

alarms for modules in the optical fiber-based wireless system 900. These features will be

discussed in more detail below. Another thread 1002 initiated by the HEU controller

process 1001 that is executed by the HEU microprocessor 960 is the calibration thread

(CALIBRATION) 1008. The calibration thread 1008 is responsible for calibrating the RF

links in the optical-fiber wireless based systems 900. Another thread 1002 initiated by the

HEU controller software module 964 that is executed by the HEU microprocessor 960 is

the external interface thread (EXTERNAL INTERFACE) 1010. The external interface

thread 1010 can be called upon by other threads 1002 to communicate data to external

clients 920 and to receive requests from those clients 920. Such requests can include

requests to retrieve and view information, calibrate the optical fiber-based wireless system

900 and its components, and other various tasks as will be described in more detail below.



[00183] A datastore module 1012 is also provided in the HEU controller 958 to store

data in datastore 966 from other threads 1002. The datastore 966 can involve different

and multiple memory types and include separate partitions for configurations information,

alarm information, and log information as will be described in more detail below. The

datastore module 1012 also facilitates the storage of information, including lists or tables

of modules present, their points and point information, and configuration information of

the HEU 902 and optical fiber-based wireless system 900, in datastore 966 for retrieval,

when needed or requested. This information may be obtained from the datastore 966 by

the threads 1002 and the clients 920 via the external interface thread 1010. The datastore

module 1012 can provide one or more registers for writing and reading data regarding the

optical fiber-based wireless system 900 stored in datastore 966. However, the datastore

module 1012 is not a separate thread in this embodiment. The datastore module 1012 is

provided as part of the HEU controller software module 964 and its process.

[00184] Because the datastore 966 is provided apart and distinct from the RF

communications in the HEU 902, any information stored in the datastore 966, such as

configuration information for example, can be retained and preserved even if RF modules

are disabled, interrupted, or otherwise not operating. When an RF module is disabled and

restored for example, after the module is discovered, the configuration information stored

in the datastore 966 for such module can be reestablished.

[00185] FIG. 31 is a flowchart that illustrates an exemplary process performed by the

HEU controller 958 upon startup or reset of the HEU 902. The process is performed by

the HEU controller 958 to perform the overall software-based operation of the HEU 902

and to continuously determine the status of the program and external user requests. The

process is provided as part of the HEU controller process 1001, which is executed by the

HEU controller 958 at startup or reset. As illustrated in FIG. 31, the process starts via a

startup or reset (block 1020). The first step performed is to initialize and start operations

of the HEU controller 958 (block 1022). This task initiates the thread startup sequence

1024 illustrated in the exemplary communication diagram of FIG. 32 to start the threads

1002 in the HEU controller 958 as previously discussed. As illustrated in FIG. 32, the

HEU controller process 1001 first reads the configuration of the HEU controller 958

(block 1026) and then makes a call to the common module 968 (FIG. 25A) to initialize



the logger settings (block 1028) and to start the logger thread 1004 (FIG. 30) (block

1030). The logger thread 1004 will then execute its own logger thread process to carry

out the functions of the logger thread 1004 and to handle logger thread requests from the

HEU controller process 1001 and the scheduler and communications threads 1007, 1006

(see FIG. 30) (block 1032). The logger thread 1004 may be desired to be started first so

that event logging is activated to be able to store event information generated by the other

threads 1002.

[00186] With continuing reference to FIG. 32, the HEU controller process 1001 then

makes a call to the communications module 970 (FIG. 25A) to initialize the

communication settings (block 1034) and to start the communications thread 1006 (FIG.

30) (block 1036). The communications thread 1006 will then execute its own

communications thread process to carry out the functions of the communications thread

1006 and to handle communication requests from the HEU controller process 1001 and

the scheduler and calibration threads 1007, 1008 (see FIG. 30) (block 1038). The

communications thread 1006 is started before the scheduler, calibration, and external

interface threads 1007, 1008, 1010 in this embodiment, because those threads perform

functions and features that may require or cause communications to components within

the HEU 902 and RAUs 906 that require the services of the communications thread 1006.

[00187] With continuing reference to FIG. 32, the HEU controller process 1001 then

makes a call to the common module 968 (FIG. 25A) to create and initialize the datastore

module 1012 to provide datastore for store events (blocks 1040, 1042). As previously

discussed, the datastore module 1012 is not provided in a separate thread or process in

this embodiment. The datastore module 1012 handles data storage from the scheduler,

calibration, and external interface threads 1007, 1008, 1010 (see FIG. 30) (block 1038).

[00188] With continuing reference to FIG. 32, the HEU controller process 1001 next

makes a call to the HEU controller software module 964 (FIG. 25A) to initialize the

scheduler settings (block 1044) and to start the scheduler thread 1007 (FIG. 30) (block

1046). The scheduler thread 1007 will then execute to carry out certain functions,

including discovery, enumeration, and monitoring functions for modules in the optical

fiber-based wireless system 900(see FIG. 30) (block 1048).



[00189] Lastly, as illustrated in FIG. 32, the HEU controller process 1001 makes a call

to the interface manager module 974 (FIG. 25A) to initialize the external interface

settings (block 1050) and to start the external interface thread 1010 (FIG. 30) (block

1052). The external interface thread 1010 will then execute its own external interface

thread process to carry out the functions of the external interface thread 1010 and to

handle communication requests from the HEU controller process 1001 and the logger and

communications threads 1004, 1006 (see FIG. 30) (block 1054). After the initialization

of the threads 1002 is performed, the HEU controller process 1001 then returns to the

main process in FIG. 31.

[00190] With reference back to FIG. 31, the HEU controller process 1001 next

performs some optional steps (blocks 1056-1058, 1066-1086). For example, the HEU

controller process 1001 may enter monitoring and register monitoring timeout

information to periodically check status according to a configurable interval of time

(block 1056). This is to setup two process handling loops with the main HEU controller

process 1001. The first process is to receive and handle requests from the threads 1002

that are not involved with user requests. These requests are checked more frequently

than user requests initiated via the external interface process 1010. In this regard, as

illustrated in FIG. 31, the HEU controller process 1001 determines if a timeout has

occurred (block 1058) such that the HEU controller process 1001 should determine if a

user input to restart operation or shutdown the HEU 902 has been received via the

external interface process 1010 (block 1060). Alternatively, the HEU controller process

1001 could simply wait for user input (block 1060) after initializing and starting

operations (block 1022). If so, the HEU controller 958 either stops operation if a restart

operation request was received (block 1062) and the HEU controller 958 is reinitialized

(block 1022), or the HEU controller 958 is shut down (block 1064) if the user input was a

shutdown request. If the user input is not to restart or shutdown the HEU controller 958,

the user input is handled as part of the normal HEU controller process 1001 operation, as

described below.

[00191] The normal HEU controller process 1001 involves checking the

communications thread 1006 queue length to ensure that any communications bottlenecks

that occur between inter-thread communications to the communications thread 1006 are



resolved. The main features and functions of the HEU controller 958 are performed

within the other threads 1002, as will be discussed in more detail below. In this regard,

the HEU controller process 1001 sends a message to the communications thread 1006 to

get the length of the communications thread 1006 get request queue (block 1066). The

get request queue is a message queue provided in datastore 966 that the communications

thread 1006 reviews to receive communications requests from the scheduler thread 1007

(see FIG. 30). If the length of the get request queue is longer than a given threshold

limit (block 1068), the get request threshold provided in the scheduler thread 1007 is

lowered (block 1070). This is because the scheduler thread 1007 may be responsible for

providing a request rate to the communications thread 1006 that exceeds a desired

threshold limit for the get request queue, thus providing a latency issue in the HEU

controller 958.

[00192] Thereafter, the HEU controller process 1001 sends a message to the

communications thread 1006 to obtain the length of the set request queue (block 1072).

The set request queue is the message queue provided in datastore 966 that the

communications thread 1006 reviews to receive communications requests from the

external interface thread 1010. If the length of the set request queue is longer than a

given threshold limit (block 1074), the set request threshold provided in the external

interface thread 1010 is lowered (block 1076). This is because the external interface

thread 1010 may be responsible for providing a request rate to the communications thread

1006 that exceeds a desired threshold limit for the set request queue, thus providing a

latency issue.

[00193] Next, with continuing reference to FIG. 31, the HEU controller process 1001

checks for any reported errors by the other threads 1002 (block 1078) and determines if

such errors are of a high severity that operation of the HEU controller 958 should be

stopped (block 1080). For example, the HEU controller 958 may determine if there has

been a reset on the HEU 902 or a watchdog error has occurred (e.g.., timer expired that

is not reset by the software) to determine if the software executing in the HEU controller

958 has incurred an error or exception such that a restart is required. Events are

generated by alarms that are either reported or calculated by other threads 1002 of the

HEU controller 958 as will be discussed in more detail below. The events are stored in



datastore 966 as part of the logger thread 1004. In this embodiment, high severity or

critical alarms may be stored in a non-volatile memory partition, and non-critical alarms

may be in a separate partition as part of the datastore 966. System events, discussed in

more detail below, may be stored in either non-volatile or volatile memory in a separate

partition in the datastore 966. If the event is not of high severity, the process loops back

to the check timeout task (block 1058) to repeat the process in a continually looping

fashion. If the event is of high severity, the HEU controller process 1001 stops operation

of the HEU controller 958 (block 1082) and waits for user input (block 1084). The user

input can either be to shut down the HEU controller 958 or to restart the HEU controller

958 (block 1086). If the unit input is to shutdown, the HEU controller 958 executes a

shutdown operation to terminate the threads 1002 and their message queues in a design

manner (block 1064). If the user input is to restart, the HEU controller 958 executes a

restart operation by returning back to the initialization of the threads 1002 (block 1022),

previously discussed above.

[00194] FIGS. 33A and 33B are a flowchart illustrating the process performed by the

scheduler thread 1007 illustrated in FIG. 30. As will be discussed in more detail below,

the scheduler thread 1007 is responsible for discovery and initialization of modules.

Modules include components in the HEU 902 (DL-BIC 949, UL-BIC 950, and OIM 910)

and the RAUs 906. For example, each component may be provided on a physical PCB.

Modules are initialized by the HEU controller 958 before they are operational. The

scheduler thread 1007 also generates a point list for components in the HEU 902 and the

RAU 906 according to the flagbits 999 provided for each point type configured in

datastore 966 of the HEU controller 958, as previously discussed and illustrated in FIG.

29. The scheduler thread 1007 sends messages to the communications thread 1006 to

carry out these features. Further, the scheduler thread 1007 is responsible for updating

the state of modules, updating dynamic points, calculating alarms, and reporting point

alarms in the datastore 966, which may be assessed by clients 920 via the external

interface process 1010.

[00195] With reference to FIG. 33A, the scheduler thread 1007 starts by receiving an

initialization event (block 1100) from the HEU controller process 1001 (block 1102).

The scheduler thread 1007 operates on a time interval. In this regard, the scheduler



thread 1007 next determines if it is time to perform one of four requests sent to the

communications thread 1006 in a request stage 1104 (block 1106). Only one of the four

types of requests is performed on each iteration of the scheduler thread 1007. However,

each type of request need not necessarily be executed with the same frequency. Each type

of request may be performed at different periodic intervals depending on the desired

timing resolution of the four types of communications thread 1006 requests. The desired

timing intervals can be configured by a client 920 in a configuration process, which will be

described in more detail below. After the request stage 1104 is performed by performing

one of the four types of communication requests, the scheduler thread 1007 executes a

response stage 1108. The response stage 1108 involves reviewing a scheduler message

queue for messages sent to the scheduler thread 1007 by other threads 1002 and

performing the request. The response stage 1108 is performed in each iteration of the

scheduler thread 1007. As will be described in more detail below, the scheduler thread

1007 is responsible for discovering modules, updating module statuses, updating points

information, and calculating and reporting alarms; thus, the other threads 1002 send

requests to the scheduler queue to perform these tasks when needed or desired.

[00196] With continuing reference to FIG. 33A, a first type of request in the request

stage 1104 is a discovery request (block 1110) for modules sent to the communications

thread 1006. The discovery request may be performed automatically and periodically, for

instance, every fifteen (15) seconds as an example. Thus, as modules are removed and

replaced, the replaced modules are automatically discovered. Thus, hot swapping of

modules is possible while the HEU controller 958 is operational. The discovery requests

involve communicating discovery requests asynchronously to I2C addresses in the HEU

902 and the optical fiber-based wireless system 900 via the communications thread 1006

to discover the modules present. Modules that are present and have a functional I2C

address are discovered. The modules include the DL-BIC 949, UL-BIC 950, OIMs 910,

and RAUs 906 in this embodiment. Likewise, the discovery process will also indicate if a

previously discovered module has been removed from the HEU 902 or optical fiber-based

wireless system 900. The discovery process will result in a response from the module as

well which contains the number and types of points configured for the module as the

points configured for the module.



[00197] Each module contains certain configured points that provide either static or

dynamic information about the module and its components to the HEU controller 958. In

this manner, the modules are responsible for reporting their point capabilities to the HEU

controller 958 for flexibility. In this embodiment, the first point communicated back to

the schedule thread 1007 indicates the total number of points for the module that can be

requested by the HEU controller 958. After a module is discovered, the scheduler thread

1007 places the discovered module list of all modules as well as their configured points in

datastore 966 (FIG. 25A). In this manner, the HEU controller 958, via the threads 1002,

can communicate with the various modules to provide certain functionalities and features

described herein. Responses from the modules as a result of the discovery requests are

communicated back to the scheduler thread 1007 queue and processed in the response

stage 1108.

[00198] The module discovery determines the number of OIMs 910 provided in the

HEU 902 and in which slots the OIMs 910 are connected to the downlink and uplink

BICs 949, 950. In this embodiment, up to two hundred fifty-six (256) modules can be

discovered by the HEU controller 958, however, such is not a limitation. Further, module

discovery also determines the RAUs 906 connected to each OIM 910 via communications

from the communications thread 1006 to the OIM 910. As previously discussed, the

RAUs 906 are not directly addressable on the I2C communication bus 972, but each RAU

906 has a unique I2C address for access via the OIMs 910 (FIG. 25A). After a module is

discovered by the scheduler thread 1007, the module state is changed from an

uninitialized state (MODULE UNINITIALIZED) 1114 to a discovered state

(MODULE DISCOVERED) 1116, as illustrated in the module state diagram of FIG. 34.

The module state diagram in FIG. 34 illustrates a state diagram that is executed in the

modules by their respective microprocessors in response to module requests from the

scheduler thread 1007 via the communications thread 1006. The module executes a

discovery handshake communication 1118 with the communications thread 1006 and

transitions to the discovered state 1116 if no error occurs. If the module receives other

communications messages while in the uninitialized state 1114, the module will reject

such other messages 1120 until the module is discovered, as illustrated in FIG. 34.



[00199] FIG. 35 illustrates an exemplary communications sequence 1121 to the

communications thread 1006 to further illustrate communications to the communications

thread 1006. As illustrated therein, the communications thread 1006 makes a call (block

1123) to a request queue 1125 to determine if a request has been communicated to the

communications thread 1006. The request is related to a particular module. The

communications thread 1006 checks to determine if the module state matches the request

(block 1127). For example, as illustrated in FIG. 34, a module in the uninitialized state

1114 cannot receive messages other than discovery requests from the scheduler thread

1007. If a mismatch is present between the module state and the request, the

communications thread 1006 makes a call to report the mismatch (block 1129) and adds

the mismatch to the requester's queue 1131 (block 1133). If there is not a mismatch, the

communications thread 1006 sends the request message to the microprocessors 960, 973

of the module (FIG. 25A) (block 1135), which in turn sends the message (block 1137) to

the I2C address of a module 1139. The module microprocessors 960, 973 communicate a

response back to the communications thread 1006 (block 1141). The communications

thread 1006 can then check the module response for errors (block 1143).

[00200] Turning back to FIG. 33A, another type of request performed by the

scheduler thread 1007 in the request stage 1104 is the enumerate module request 1122.

Enumeration is the process of requesting and receiving point information for the points

from the discovered modules. The point information will be used to provide status of

module and certain of its components as well as to receive and calculate alarms, as will be

discussed in more detail below. For modules that are discovered and in a discovered state

(block 1124), the scheduler thread 1007 generates an enumeration points request (block

1126) and sends the enumeration points request to the discovered module via the

communications thread 1006 (block 1128). The HEU controller 958 does not already

need to be aware of the points that can be provided by the module. If the points change

for a particular module, upon enumeration of the module, the point information for such

module will be updated in the HEU controller 958 by the scheduler thread 1007

automatically.

[00201] The scheduler thread 1007 generates the enumerating points request (block

1126) and sends the enumerating points request for a discovered module to the



communications thread 1006 destined for the module via I2C communications (block

1128). The module receives the enumerating points request 1122 from the

communications thread 1006 while in the module discovered state 1116, as illustrated in

FIG. 34. In response, the module will enumerate the points configured for the module.

This includes receiving the flagbits 999 configured for each point to provide the HEU

controller 958 with the characteristic information for the points for the module. The point

information received from a module by the scheduler thread 1007 will be updated in the

points information stored in the datastore 966 for access by the HEU controller 968.

Because the scheduler thread 1007 receives the points for each discovered module, the

scheduler thread 1007 can track whether enumeration is complete by determining if all

point information has been received for each discovered module in the request stage 1104.

After enumeration is completed 1132, the module transitions to the module initialized

state 1134. In the initialized state 1134, the module can either receive requests from the

HEU controller 958 to set point information or get point information 1140 to update the

points information stored in datastore 966 of the HEU controller 958. As will be

discussed below, the points information may be used to calculate or report alarms and

may be accessed by clients 920 via the external interface thread 1010.

[00202] As also illustrated in FIG. 34, an initialized module remains in the initialized

state 1134 until a reset 1136 or timeout 1138 occurs, both of which place the module

back in the uninitialized state 1114 until the scheduler thread 1007 discovers the module.

In this manner, the optical fiber-based wireless system 900 supports removing and

replacing (also called swapping in and out) OIMs 910 from the HEU 906 and RAU 906

connections to the OIMs 910 during operation or when "hot" to provide "hot swapping."

If an OIM 910 is removed, a failure to receive an acknowledgement will be detected by

the HEU controller 958 via the scheduler thread 1007 when the module is attempted to be

re-discovered by the HEU controller 958 thus removing the module from the list of

discovered modules in the datastore 966. When the module is inserted or reinserted, or

communications otherwise reestablished with the HEU controller 968, the scheduler

thread 1007 will be able to discover, enumerate the points, and initialize the module

automatically. Hot swapping OIMs 910 and RAUs 906 in and out of the optical fiber-



based wireless system 900 will not affect the communications with other OIMs 910 and

RAUs 906.

[00203] In this embodiment, there are four types of alarms that are either calculated by

the HEU controller 958, and the scheduler thread 1007 in this embodiment, or by the

module that provides the point. Bit number 23 in the flagbit 999 settings for each point

previously discussed and illustrated in FIG. 29 controls the configuration as to whether an

alarm for a point is calculated by the HEU controller 958 or the module that provides the

point. The four types of alarms are Boolean, High Alarm, Low Alarm, and Sticky Alarm

in this embodiment. Boolean alarms indicate that either the actual value of the point is the

expected value. A High Alarm indicates that the value for the point exceeded a

configured threshold value. A Low Alarm indicates that the value for the point dropped

below a configured threshold value. A Sticky Alarm stays set for a point until the point is

read, whether or not the value for the point leaves the threshold range that caused the

alarm. The ability to provide threshold values for alarm points allows the HEU 902 to not

only detect failures but to predict failures. The thresholds for alarm points can be set such

that exceeding the threshold is indicative of a predicted or possible future failure as

opposed to an actual failure.

[00204] This alarm scheme allows any point to be defined as an alarm as needed for

any module. When the points are enumerated by the scheduler thread 1007, as discussed

above, the HEU controller 958 will know which points are alarm from the flagbits 999

and also whether each alarm is to be calculated, either by the HEU controller 958 or the

module itself. This allows flexibility for any modules to provide its own alarms rather

than requiring the HEU controller 958 to calculate an alarm. As an example, an example

of a module determined alarm may be a point named "RINMVL" which means that RAU

906 input module voltage level. The scheduler thread 1007 will have noticed the alarm

module bit (bit number 23) in the flagbits 999 is set for this point alarm during

enumeration of the module and understand that this alarm point is calculated or set by the

RAU 906. When the alarm point is obtained as a dynamic point as part of the get alarm

point processing by the scheduler thread 1007 discussed below, the scheduler thread 1007

will receive the Boolean value of the alarm and report the alarm for posting.



[00205] Returning to FIG. 33A, another type of request performed by the scheduler

thread 1007 in the request stage 1104 is the get alarm points request 1142. In this

embodiment, providing a separate get alarm points request 1142 is optional since all

points could be handled generically in a get points request 1150, discussed in more detail

below. If provided as a separate request, the get alarm points request 1142 is part of a

monitoring functionality of the HEU controller 958 to monitor the status of the points for

the modules, including alarms. For modules that are in the initialized state (block 1144),

the scheduler thread 1007 generates the get alarm points request (block 1146) and sends

the get alarm points request to the initialized modules via the communications thread

1006 (block 1148). The module receives the get alarm points request, via the

communications thread 1006, while in the initialized state 1134 (FIG. 34) and provides

the alarmable points for the module back to the scheduler thread 1007, via the

communications thread 1006, to be processed in the response stage 1108, as discussed

below.

[00206] Alarmable points are points in which an alarm can be calculated or determined

by the scheduler thread 1007 according to conditions provided for the point in the flagbits

999, as previously discussed (FIG. 29). The alarms for certain points are calculated by

the scheduler thread 1007 and alarms for other points may be determined by the module

itself. Points that have alarms calculated by the scheduler thread 1007 are configured in

this manner to give a user or client 920 the ability to configure the alarm thresholds for

such points. The ability to configure thresholds can be used to predict failures in the

optical fiber-based wireless system 900. The thresholds for certain points can be set such

that if exceeded, an actual failure has not occurred, but may be indicative of potential

failure that should be noted and reported. Points that have alarms may be calculated by

either the module or the HEU controller 958. The information in the alarms may be used

to predict failure or aging of a module based on the information configured for the alarm.

For example, the flagbits 999 for a particular point may be configured to generate a Low

Alarm when performance degrades, but not to a point of failure.

[00207] Another type of request performed by the scheduler thread 1007 in the request

stage 1104 is the get points request 1150. For modules that are in the initialized state

(block 1152), the scheduler thread 1007 generates a point list based on the enumeration



response from the discovered modules (block 1154). The scheduler thread 1007 then

sends a get points request to the initialized modules via the communications thread 1006

(block 1156). The module receives the get points request, via the communications thread

1006, while in the initialized state 1134 (FIG. 34) and provides the points for the module

back to the scheduler thread 1007, via the communications thread 1006, to be processed

in the response stage 1108, as discussed below. The points can be stored in the datastore

966 for access by the HEU controller 958 and clients 920 via the interface manager

module 974. In this embodiment, clients 920 access the points, event information, and

other information regarding the HEU 902 via the interface manager 966, which retrieves

the information from datastore 966. In this regard, the datastore 966 is shared memory

that acts as a method of sharing data between different threads 1002 via direct interfacing

to the datastore 966.

[00208] After the scheduler thread 1007 performs the request stage 1104, the

scheduler thread 1007 performs the response stage 1108. The scheduler thread 1007

checks the scheduler response queue in datastore 966 to determine if any responses are

pending in the queue from other threads 1002 (block 1160). Responses can be generated

and placed in the scheduler response queue in response to requests in the request stage

1104 of the scheduler thread 1007. As continued on FIG. 33B, if the scheduler response

queue is empty (block 1162), the scheduler thread 1007 checks for pending requests

(block 1164). If requests are pending, responses are to be expected to be provided in the

scheduler response queue. The scheduler response queue should not be empty if there are

pending requests. If pending requests are higher than a certain threshold configured

(block 1166), then the scheduler thread 1007 is not processing requests fast enough.

Thus, the scheduler thread 1007 returns back to the check response queue task (block

1160) to process responses prior to performing another request in the request stage 1104.

[00209] The scheduler thread 1007 will continue to process responses until the

response queue is lower than the threshold value (blocks 1166, 1160). If the pending

requests were not higher than the threshold value (block 1166), the scheduler thread 1007

reports a system error event since requests are not being received in response to

responses (block 1168). The scheduler thread 1007 then determines if a stop operation

request has been received (block 1170). If not, the process returns to the request stage



1104 (block 1106). If a stop operation has been received (block 1170), the scheduler

thread 1007 waits for pending requests to complete (block 1172) and performs a clean up

procedure (block 1174) before exiting the scheduler thread 1007 (block 1176). In this

case, the scheduler thread 1007 is no longer active and the scheduler thread 1007 must be

reinitiated by the HEU controller process 1001 in order to be reactivated.

[00210] If the scheduler response queue is not empty (block 1162), this means there is

a response in the scheduler response queue to be processed. In this event, the scheduler

thread 1007 determines the response type (block 1178). If the response type is a module

communication or discovery error, the module state is updated to an uninitialized state in

the HEU controller 958 (block 1180) and this information is updated in the datastore 966

via a call to the datastore module 1012 (block 1182). If the response type is a module

enumerated response, the module is discovered. The scheduler thread 1007 updates the

points for the discovered module to the scheduler thread 1007 via the communications

thread 1006 (block 1183). The points include the point itself as well as characteristics of

the point according to the flagbits 999 (FIG. 29), as previously discussed. The points are

stored in the datastore 966 via a call to the datastore module 1012 so that the scheduler

thread 1007 and the external interface thread 1010 can access the points and stored point

information received from the modules from the datastore 966 (e.g., via get alarm points

request 1142 and get points request 1150).

[00211] With continuing reference to FIG. 33B, the scheduler thread 1007 is also

configured if the response type is a get points response type (resulting from either a get

alarm points request 1142 or a get points request 1150) the scheduler thread 1007

calculates an alarm for the point (block 1186). The module defines whether a point is

alarmable in the flagbits 999 setting for the point, as previously discussed (FIG. 29).

Again, this configuration allows the modules to provide to the HEU controller 958

whether a point is alarmable or not. If not alarmable, the scheduler thread 1007 does not

calculate an alarm for the point and the point information is stored in datastore 966. If

calculated, the alarm for the point is updated in datastore 966 (block 1182).

[00212] FIG. 36 illustrates a communication or sequency diagram 1200 that further

illustrates the calls made by the scheduler thread 1007 to process alarm points. As

illustrated therein, the scheduler thread 1007 checks the response type of the response



message in a scheduler response queue 1202 (block 1178) (see also FIGS. 33A and

33B). The scheduler thread 1007 then makes a call to a point information list 1204 where

the flagbits 999 of the point information are stored when points are enumerated as part of

the request stage 1108 in the scheduler thread 1007 (block 1206). The point information

list 1204 may be provided as part of an object-oriented class, as an example. If the point

is alarmable, the scheduler thread 1007 makes a call on the point information list 1204 to

calculate the alarm for the point (block 1208). The alarm is calculated based on the

information stored in the flagbits 999. The scheduler thread 1007 determines if the

desired or configured characteristics provided in the flagbits 999 of the point by the

module providing the point (e.g., OIM 910, RAU 906) are within current operating

conditions. If the alarm state of the point has changed (block 1210), the scheduler thread

1007 reports the change to a log file via a message placed in a logger queue for the logger

thread 1004 (block 1212), which adds the alarm state to a logger queue 1214 in datastore

966 (block 1216). The scheduler thread 1007 also stores the point information in the

points list 997 (FIG. 28C) in datastore 966 via a call to the datastore modules 1012

(block 1218). If there is no change in alarm state, the scheduler thread 1007 does not

report the alarm to the logger queue 1214.

[00213] With continuing reference to FIG. 36, in response to receipt of the report in

the change of alarm state from the scheduler thread 1007 (block 1212), the logger thread

1004 executes a process according to a communication diagram 1220 also illustrated in

FIG. 36. As illustrated therein, the logger thread 1004 first sends a call to the logger

queue 1214 to determine if a message has been placed in the logger queue 1214 for the

logger thread 1004 (block 1222). In the example of a changed alarm state of a point

discussed above and illustrated in FIG. 36, a message to log an alarm for a point will be

present in the logger queue 1214. If a message is present in the logger queue 1214, the

logger thread 1004 determines the type of message (block 1224) and determines if

logging of point information or the alarming point is enabled (block 1226). The logger

thread 1004 may also be configurable to is communicated externally. If enabled, the point

alarm is reported to the HEU controller process 1001 (block 1228) and from the HEU

controller process 1001 to the external interface thread 1010 (block 1230) so that the

point alarm can be reported to clients 920 via a call to the external interface thread 1010.



Thereafter, the logger thread 1004 writes the point alarm to the log file in datastore 966

(block 1232) and reiterates to process the next message in the logger queue 1214, if a

message is present (block 1222).

[00214] FIG. 37 illustrates a sequence diagram 1230 of communication requests to the

logger thread 1004 in general that allow threads 1002 to send log requests to store events

for the optical fiber-based wireless system 900. Different types of events can be logged

using the logger thread 1004 in this embodiment. The scheduler thread 1007 and other

threads 1002 can initiate system events. A first type of system event is an error message.

An error message may be logged whenever an error is determined to have occurred by a

process carried out by a thread 1002 in the HEU controller 958. A second type of system

event is a thread message to provide tracing of communications through threads 1002 for

troubleshooting and debugging purposes. A third type of system event is to log an alarm

for a point. This function was previously illustrated in the FIG. 36 and in the

communication diagram 1220 illustrated therein. A fourth type of system event is a trace

message that indicates the current activity being performed by the HEU 902.

[00215] In this regard, taking the example of the scheduler thread 1007 reporting a

system event for logging, the scheduler thread 1007 calls upon the common module 968

to log a system event (block 1232). The common module 968 places the log request into

the logger queue 1214 (block 1234) (see also, FIG. 36). The logger thread 1004

retrieves the message from the logger queue 1214 (block 1236). The system event details

of the log request are communicated to the external interface thread 1010 via the HEU

controller process 1001 so that clients 920 can be updated with the system event (block

1240). Not every system event is communicated to the HEU controller thread 1001 to

be communicated to clients 920 via the external interface thread 1010 in this embodiment.

This function is configurable. Note that other threads 1002 in addition to the scheduler

thread 1007 may request a system event to be logged via a communication request to the

logger thread 1004, such a the external interface thread 1010 via a get events request

block (block 1242).

[00216] Another feature provided for the optical fiber-based wireless system 900 by

the HEU 902 in this embodiment is calibration. Calibration involves determining the

signal strength loss as a result of conversion of the electrical RF signal to an RoF signal



on a downlink and vice versa on an uplink and compensating for such losses. Signal

strength loss can be encountered on the downlink communication path when incoming

electrical RF signals from the BTSs 956 provided to the downlink BIC 949 are converted

to RoF signals in the OIMs 910 and communicated to the RAUs 906. Gains in the

various components in the communication path between the BTSs 956 and the RAUs 906

can be adjusted to compensate for such losses. Calibration can also involve determining

the signal strength loss encountered on the uplink communication path. Signal strength

losses can also be incurred when incoming electrical RF signals to the RAUs 906 are

converted to RoF signals and communicated to the OIMs 910, which are converted back

to electrical RF signals to communicate such signals to the uplink BIC 950. As provided

for the downlink communication path, gains in the various components in the

communication path between the RAUs 906 and the BTSs 956 can also be adjusted to

compensate for such losses. Typically, the gain is set to increase the power level of the

signals communicated in the downlink and uplink communication paths, although the

gains could be set to decrease the signal strength. For example, it may be desirable to

normalize the signal strengths between the various signal inputs among different BTS

inputs 957 (FIG. 25A) provided to the downlink BIC 949 to provide consistency in signal

strength among different communication frequencies from different BTS inputs 957.

[00217] To facilitate further discussion of calibration, the schematic diagrams of FIGS.

38A-38B are provided to illustrate the optical fiber-based wireless system 900 and its

components involved in calibration, including the HEU 902, the downlink BIC 949, the

uplink BIC 950, the OIMs 910, and the RAUs 906, and the RF communication links.

FIGS. 38A-38B illustrate the downlinks or the downlink communication path 1250 of

incoming electrical RF signals 1252 from the BTSs 956 input into the downlink BIC 949

and communicated from the downlink BIC 949 to the OIMs 910 and RAUs 906 and their

various components. As illustrated in FIG. 38A, the downlink communication path 1250

is split into parallel communication paths between the downlink BIC 949 and the OIMs

910 via a splitter 1251. As previously discussed, up to twelve (12) OIMs 910 may be

coupled to a downlink BIC 949 in this embodiment (hence the 1:12 designation in FIG.

38A). Further, as illustrated in FIGS. 38A-38B, the downlink communication path 1250

is further split into parallel communication paths between the OIMs 910 and the RAUs



906. As previously discussed, up to three (3) RAUs 906 may be coupled to each OIM

910 in this embodiment. Further, FIGS. 38A-38B illustrate the uplinks uplink

communication path 1254 of incoming electrical RF signals 1256 from the RAU antennas

905 input into the RAUs 906 and communicated from the RAUs 906 to the OIMs 910

and the uplink BIC 950 and their various components.

[00218] To calibrate the optical fiber-based wireless system 900 and its components in

this embodiment, two calibration oscillators 1258A, 1258B are provided in the downlink

BIC 949, as illustrated in FIG. 38A. The calibration oscillators 1258A, 1258B are

provided to generate two independent electrical calibration signals 1260A, 1260B at

expected power levels or signal strengths at two different frequencies in order to calibrate

the optical fiber-based wireless system 900 for two different frequencies in this

embodiment. The calibration signals 1260A, 1260B are each provided to frequency

switches 1262A, 1262B that are under control of the downlink BIC microprocessor 965.

In this manner, the downlink BIC microprocessor 965 can switch the frequency switches

1262A, 1262B on when desired or when instructed by the HEU controller 958 when in a

calibration mode to assert or inject the calibration signals 1260A, 1260B onto the

downlink communication path 1250. Calibration involves providing the calibration signals

1260A, 1260B into couplers 1264 for each of the four BTS inputs 957 in this

embodiment.

[00219] In this embodiment, the HEU microprocessor 960 can instruct the downlink

BIC microprocessor 965 to switch the frequency switches 1262A, 1262B via I2C

communications between the HEU microprocessor 960 and the downlink BIC

microprocessor 965. This calibration action or mode propagates the calibration signals

1260A, 1260B over the downlink communication path 1250 through the downlink BIC

949 and its components. In this manner, the calibration signals 1260A, 1260B are

downlink calibration signals. The signal strength of the calibration signals 1260A, 1260B

are measured by calibration measuring components 1263A, 1263B for comparison

purposes to determine the loss as a result of the conversion of the electrical RF signals to

RoF signals. This signal strength level is the expected signal strength for the calibration

signals 1260A, 1260B. The calibration signals 1260A, 1260B will reach the OIMs 910

and their components, where the calibration signals 1260A, 1260B will be converted into



RoF signals for communication to the RAUs. 906. The calibration signals 1260A, 1260B

in this embodiment are carried over the same RF links that carry the electrical RF signals

so that calibration can be performed while RF communications are being provided by the

HEU 902.

[00220] In this embodiment, one calibration frequency is for high frequency

communication calibration and the other calibration frequency is for low frequency

communication calibration. For example, the two calibration frequencies could be 915

MHz and 2017 MHz. In this manner, the optical fiber-based wireless system 900 is

calibrated for both high and low frequency signals. The frequencies of the calibration

signals 1260A, 1260B are selected in this embodiment to not overlap and thus interfere

with the expected frequencies of RF signals communicated over the downlink

communication path 1250 and/or the uplink communication path 1254 so that calibration

can occur even while RF communications are occurring and without requiring RF

communications to be disabled. However, note that any number of calibration signals

1260 may be employed and at any frequency or frequencies desired.

[00221] Eventually, the RoF signals generated as a result of the OIM's 910 receipt

and conversion of the calibration signals 1260A, 1260B to RoF signals will reach the

RAUs 906, as illustrated in FIGS. 38A and 38B. The RAUs 906 will convert the RoF

signals back into electrical RF signals before transmitting the signals via the antennas 905.

Thus, in this embodiment, downlink calibration measurement components 1265 are

provided in the RAUs 906 and coupled to the output of final stage amplifiers 1266. The

downlink calibration measurement components 1265 receive electrical RF signals 1268

representing the calibration signals 1260A, 1260B before the electrical RF signals 1268

are communicated to the antennas 905 in the RAUs 906.

[00222] In this regard, the power or signal strength of the electrical RF signals 1268

can be measured by the downlink calibration measurement components 1265 to be

compared against the expected power or signal strength of the calibration signals 1260A,

1260B as measured by the calibration measuring components 1263A, 1263B (block

1321). Losses can be determined as a result of the calibration signals 1260A, 1260B

being propagated along the downlink communication path 1250. Losses may be incurred

due to propagation of the calibration signals 1260A, 1260B through various components



in the downlink communication path 1250 as well as from conversion of the calibration

signals 1260A, 1260B from electrical RF signals to RoF signals in the OIMs 910. Losses

can also be incurred when the RoF signals are converted back to electrical RF signals in

the RAUs 906. Gains can be adjusted in components present in the downlink

communication path 1250 of the optical fiber-based wireless system 900, including but

not limited to adjustments to gains in amplifiers and/or attenuators, to compensate for

such losses, as will be described in more detail below. As illustrated, the downlink

communication path 1250 is split into three bands in this embodiment, although any

number may be included. In this embodiment, the gain adjustment for calibration of the

downlink communication path 1250 will be performed in the RAUs 906, as discussed in

more detail below.

[00223] Similarly, the uplink communication path 1254 can also be calibrated to

compensate for losses incurred from converting received electrical RF signals 1270 from

the antennas 905 of the RAUs 906 on the uplink communication path 1254 into RoF

signals 1254. Losses can be incurred by converting the received electrical RF signals

1270 to RoF signals in the RAUs 906 and back to electrical RF signals in the OIMs 910

before being communicated to the uplink BIC 950. Gain adjustments can also be made to

compensate for these losses in the uplink communication path 1254 in the optical fiber-

based wireless system 900. In this regard, the same calibration signals 1260A, 1260B that

are used to calibrate the downlink communication path 1250 can also be used to calibrate

the uplink communication path 1254, although such is not required.

[00224] As illustrated in FIG. 38C, downlink calibration switches 1274 are provided in

the RAU 906. The downlink calibration switches 1274 receive filtered electrical RF

signals 1277 representative of the calibration signals 1260A, 1260B from a downlink

multiplexor 1275 to control whether either the downlink communication path 1250 or the

uplink communication path 1254 is calibrated. The downlink calibration switches 1274

control whether the electrical RF signals 1277 representative of the calibration signals

1260A, 1260B are directed in the downlink communication path 1250 to an antenna

multiplexer 1275 in the RAU 906 to calibrate the downlink communication path 1250, or

to RAU band amplifiers 1276 in the uplink communication path 1254 to calibrate the

uplink communication path 1254 (labeled signals 1268). If directed to the uplink



communication path 1254, the calibration signals 1260A, 1260B are also uplink

calibration signals. The power of the signals 1268 will be measured by measurement

calibration components 1279 to determine the expected signal strength for comparison

purposes and calibration to offset any losses desired. The electrical RF signals 1268 will

be converted back to RoF signals 1278 by an E/O converter 1280 in the OIM 910, as

illustrated in FIG. 38B. When calibrating the uplink communication path 1254,

calibration switches 1282 will be switched to direct the RoF signals 1278 and to

communicate the RoF signals 1278 to the UL BIC 950.

[00225] Alternatively, instead of the calibration signals 1260A, 1260B being redirected

to the uplink communication path 1254 to calibrate the uplink as discussed above, uplink

calibration signal generators separate from the calibration oscillators 1258A, 1258B. It

may be desirable to provide separate uplink calibration signal generators if the losses in

the downlinks cause the signal strength of the calibration signals 1260A, 1260B to be too

weak for use to measure losses on the uplinks, as one example. In this regard, uplink

calibration oscillators could be employed in the RAUs 910 to generate uplink calibration

signals overt the uplink communication path 1254 to determine the losses on the uplinks.

The signal strength of the uplink calibration signals could be measured in the RAUs 910

and then measured as the UL-BIC 950, just as described above, to calculate the loss in the

uplinks.

[00226] The RoF signals 1278 on the uplink communication path 1254 will reach the

uplink BIC 950, as illustrated in FIG. 38A. In this embodiment, uplink calibration

measurement components 1284 are provided in the uplink BIC 950 and coupled to the

output of uplink calibration frequency switches 1286, which are coupled to the final

output stage of the uplink BIC 950. The uplink calibration measurement components

1284 receive electrical RF signals 1287 representing the calibration signals 1260A,

1260B. In this regard, the power or signal strength of the electrical RF signals 1287 can

be measured by the uplink calibration measurement components 1284 to be compared

against the expected power or signal strength of the calibration signals 1260A, 1260B.

Losses can then be determined as a result of the calibration signals 1260A, 1260B being

propagated along the uplink communication path 1254. Losses may be incurred due to

propagation of the calibration signals 1260A, 1260B through various components in the



uplink communication path 1254 as well as from conversion of the calibration signals

1260A, 1260B from RoF signals to electrical signals in the OIMs 910. Like the downlink

communication path 1250, gains can be adjusted in components of the optical fiber-based

wireless system 900 in the uplink communication path 1254 to compensate for such

losses, as will be described in more detail below. In this embodiment, the gain adjustment

for calibration of the uplink communication path 1254 will be performed in the OIMs 910,

as discussed in more detail below.

[00227] The calibration of the optical fiber-based wireless system 900 is performed for

each of the calibration oscillators 1258A, 1258B in this embodiment. Further, the

calibration of the optical fiber-based wireless system 900 may be performed for each of

the four (4) possible BTS inputs 957, for up to a total of thirty-six (36) possible RAUs

906 (i.e., three (3) bands times twelve (12) OIMs 910 times three (3) RAUs 906 per OIM

910). This involves a possible total of four hundred thirty-two (432) calibration processes

for the optical fiber-based wireless system 900 in this embodiment. By the module

discovery process previously described above, the calibration performed for the optical

fiber-based wireless system 900 will automatically and adaptively be performed and

adapted to the downlink and uplink communication paths 1250, 1254 and the OIMs 910

and RAUs 906 present. Thus, if temperature variations or an aging effect cause changes

in the gain or loss of the components, recalibration of the OIMs 910 and RAUs 906 will

account for such changes automatically and periodically. Gain adjustments made in the

RAUs 906 as part of the gain adjustment during calibration will only affect the individual

RAU 906 and not other RAUs 906.

[00228] To allow the HEU controller 958 to control the calibration process, the

calibration thread 1008 is provided in the HEU controller 958 and executed by the HEU

microprocessor 960. The calibration thread 1008 was previously introduced and

illustrated in FIG. 30. The calibration thread 1008 is provided to initiate and control

calibration of the HEU 902 and its components, which includes the OIMs 910 and the

RAUs 906 in this embodiment. The calibration thread 1008 makes calls that cause the

HEU controller 958 to instruct the downlink BIC 949 (e.g., via I2C communications) to

switch the frequency switches 1262A, 1262B to generate the calibration signals 1260A,

1260B. Likewise, the measurements made by the downlink and uplink calibration



measurement components 1265, 1284 from the RAUs 906 for the downlink

communication path 1250 and from the uplink BIC 950 for the uplink communication

path 1254, respectively, can be provided to the HEU controller 958 and the scheduler

thread 1007 to make decisions regarding gain adjustments.

[00229] In this regard, FIGS. 39A and 39B illustrate an exemplary flowchart

providing the process carried out by the calibration thread 1008 in the HEU controller

958 in this embodiment. FIGS. 39A and 39B are discussed in conjunction with the

component diagrams of the optical fiber-based wireless system 900 in FIGS. 38A-38B,

which illustrated the components, including the HEU 902, the downlink BIC 949, the

uplink BIC 950, the OIMs 910, and the RAUs 906. The calibration thread 1008 performs

a calibration loop 1300. The first step performed by the calibration thread 1008 is to wait

for the next time to perform the calibration process (block 1302). The HEU controller

958 can be configured to customize how often the calibration process and the calibration

loop 1300 in the calibration thread 1008 is performed. Thus, the HEU controller 958 can

be configured to perform calibration periodically and automatically without the need for a

manual start, such as by directive of a technician. When the calibration process is to be

performed, the calibration thread 1008 selects the next communication band to use to

calibrate the optical fiber-based wireless system 900 (block 1304). As previously

discussed, in this embodiment, one of two frequency bands is selected by selecting one of

the two frequency switches 1262A, 1262B that control which calibration signal 1260A,

1260B is asserted on the downlink communication path 1250 in the downlink BIC 949, as

illustrated in FIG. 38A. Next, the calibration thread 1008 selects the next RAU 906 to

calibrate for the downlink calibration (block 1306). In this embodiment, only one RAU

906 is calibrated at one time since each RAU 906 provides its own unique downlink

communication path 1250 once the common portion of the downlink communication path

1250 is split to different OIMs 910 by the downlink BIC 949 and then split to different

RAUs 906 from the different OIMs 910.

[00230] With continuing reference to FIG. 39A, the calibration thread 1008 selects the

next BTS 956 to be calibrated among the four (4) BTS inputs 957 provided in this

embodiment (block 1308). Thus, each discovered and initialized RAU 906 is calibrated

for each of the four (4) BTS inputs 957 for each of the two (2) frequencies of the



calibration signals 1260A, 1260B in this embodiment (e.g., up to two hundred eighty-

eighty (288) calibration processes from thirty-six (36) RAUs 906 times four (4) BTS

inputs 957 times two (2) calibration bands). In this regard, the calibration thread 1008

provides three nested loops (blocks 1304, 1306, 1308) in this embodiment to provide

each of these calibration permutations for the RAUs 906. Next, the calibration thread

1008 is ready to perform calibration (block 1310). The calibration thread 1008 instructs

the HEU controller 958 to send a message to the downlink BIC 949 (block 1312). As

previously discussed, this involves sending an I2C communication message from the HEU

controller 958 to the downlink BIC microprocessor 965. The downlink BIC 949, via the

downlink BIC microprocessor 965, will next set up the frequency switch 1262 of the

target calibration oscillator 1258 to the target BTS input 957 (block 1314) and enable the

desired calibration oscillator 1258 (block 1318) and frequency switch 1262 (block 1320)

to generate the calibration signal 1260 at the desired calibration band. Note that in this

embodiment, when one calibration oscillator 1258 is selected, the other calibration

oscillator 1258 is automatically switched off and does not require a separate command to

be disabled.

[00231] The signal strength of the calibration signal 1260 is measured by 1263A,

1263B. The downlink BIC microprocessor 965 will send an acknowledgement (ACK)

message back to the HEU controller 958 to acknowledge receipt of the calibration

message (block 1322).

[00232] When the acknowledgement message is received by the calibration thread

1008 from the downlink BIC 949 (block 1324), the calibration thread 1008 next issues a

calibration request for the selected calibration band to the selected RAU 906 (block

1326). The selected RAU 906, and more particularly the RAU microprocessor 977 in this

embodiment (see FIG. 38B), to be calibrated receives the calibration request from the

HEU controller 958 to initiate the calibration process (block 1328). The RAU

microprocessor 977 of the selected RAU 906 will set the downlink calibration switches

1272 (FIG. 38B) to send the electrical RF signals representative of the calibration signal

1260 to the antenna multiplexor 1275 to calibrate the downlink communication path 1250

for the selected RAU 906, as previously discussed (block 1330). Next, the selected RAU

906 will read the signal strength from the doownlink calibration measurement components



1265 to determine the downlink communication path 1250 loss for the selected RAU 906

(block 1332).

[00233] Next, the uplink communication path 1254 involving the selected RAU 906 is

calibrated. In this regard, the selected RAU 906 switches the downlink calibration

switches 1272 to send the electrical RF signals representative of the calibration signal

1260 to the RAU band amplifiers 1276 for uplink calibration, as previously discussed

(block 1338). The calibration measurement components 1276 measure the expected

signal strength (block 1339). The selected RAU 906 then sends an acknowledgement

(ACK) message back to the HEU controller 958 to indicate that the downlink calibration

process is complete (blocks 1340, 1342). Thereafter, as illustrated in FIG. 39B, the

calibration thread 1008 sends a calibration request for the selected calibration band to the

OIM 910 supporting the selected RAU 906 (block 1344). The OIM microprocessor 973

for the selected OIM 910 receives the calibration request (block 1346) and sets the

unused uplink calibration switches 1282 off and sets the used uplink calibration switch

1282 on (blocks 1348, 1350). This is because only one uplink communication path 1254

in the OIM 910 supports the selected RAU 906. Thereafter, the selected OIM 910 sends

an acknowledgement (ACK) message to the HEU controller 958 (block 1352). When

received (block 1354), the calibration thread 1008 sends a calibration request for the

selected BTS input 957 and calibration band to the uplink BIC 950 (block 1356).

[00234] The uplink BIC 950 receives the calibration request from the HEU controller

958 (block 1358). The uplink BIC 950 sets the uplink calibration frequency switches

1286 to the selected BTS input 957 (block 1360). The signal strength of the calibration

signal is then measured and the loss calculated using the uplink calibration measurement

component 1284 (blocks 1362, 1364). The uplink BIC 950 then sends an

acknowledgement (ACK) return message to the HEU controller 958 along with the

calculated loss (blocks 1366, 1368). The HEU controller 958 then sends a request for

setting the downlink calibration switches 1274 to the downlink (block 1369) to set up the

next calibration loop, in which case the RAU 906 receives the message and sets the RAU

calibration switch 1274 to the downlink setting (block 1371). The calibration thread 1008

then returns to calibrate the other BTS inputs 957 (block 1384). Thereafter, RAUs 906

are selected for the BTS inputs 957 until all discovered and initialized RAUs 906 are



calibrated for the selected calibration band (block 1386). Then, the same process is

repeated for the previously unselected calibration band (block 1388) to complete the

calibration loop 1300.

[00235] When calculations in the required attenuations for the downlink (block 1391

in FIG. 39B), the total error for each downlink from the DL-BIC 949 to each RAU 906

is determined and stored. The total error for the communication downlinks in this

embodiment is the input calibration signal strength (block 1321 in FIG. 39A) minus the

end downlink calibration signal strength (block 1332 in FIG. 39A), and minus the initial

gain set for the BTS input 957 by the user (default is 0 dBm in this embodiment) and

minus any calibration offset configured in the DL-BIC 949 and RAU 906 selected. The

total error is calculated for all downlink paths for all enabled BTS inputs 957. Next, the

error attributed across all BTS inputs 957, the BTS error, is determined by determining

the least common error across all losses for all downlink paths for all enabled BTS inputs

957. In this manner, the attenuator(s) in the DL-BIC 949 can be set to compensate for

the loss attributed to the BTS inputs 957 such that this error is not compensated in RAUs

906 that have distinct paths in the downlink. The loss attributed to the BTS inputs 957 is

then subtracted from the total loss calculated for each communication downlink path for

all enabled BTS inputs 957 to determine the error attributed to the RAUs 906. The RAU

906 attenuation levels are then calculated from this remaining communication downlink

error for each BTS input 957 for all enabled RAUs 906. For example, a weighted

average loss or median loss for each RAU 906 for each enabled BTS input 957 may be

used to determine the attenuation levels for each RAU 906. Values outside a given

threshold tolerance may be discarded as incorrect values or indicative of other errors,

which may generate an alarm.

[00236] The total error for each communication uplink from each RAU 906 to the UL-

BIC 950 is determined and stored in a similar manner to the downlinks. The total error

for the uplinks in this embodiment is the input calibration signal strength (block 1321 in

FIG. 39A) minus the end uplink calibration signal strength (block 1364 in FIG. 39B), and

minus the initial gain set for the a BTS input 957 by the user (default is 0 dBm in this

embodiment) and minus any calibration offset configured in the UL-BIC 950 and OIM

910 selected. The total error is calculated for all uplink paths for all enabled BTS inputs



957. Next, the error attributed to all BTS inputs 957 is determined by determining the

least common error across all losses for all downlink paths for all enabled BTS inputs

957. In this manner, the attenuator(s) in the UL-BIC 950 can be set to compensate for

the loss attributed to the BTS inputs 957 such that this error is not compensated in OIMs

910 having distinct paths in the uplink. The loss attributed to the BTS inputs 957 is then

subtracted from the total loss calculated for each uplink path for all enabled BTS inputs

957 to determine the error attributed to the OIMs 910. The OIM 910 attenuation levels

are then calculated from this remaining error for each BTS input 957 for all enabled OIMs

910. For example, a weighted average loss or median loss for each OIM 910 for each

enabled BTS input 957 may be used to determine the attenuation levels for each OIM

910. Values outside a given threshold tolerance may be discarded as incorrect values or

indicative of other errors, which may generate an alarm.

[00237] When the attenuations levels are calculated, the attenuation levels can be

applied, as illustrated in block 1392 in FIG. 39B. When multiple RAUs 906 are provided,

an order of setting attenuators can be as follows: the DL-BIC 949 attenuators, the UL-

BIC attenuators 950, the RAU 910 attenuators for all BTS inputs 957 on the downlink,

and the OIM 910 attenuators for all BTS inputs 957 on the uplink. Further, alternative

embodiments include not setting the attenuators to correct for the entire calculated error

so that overshoot is not corrected in attenuation levels and/or to prevent intermittent

noise from moving link gain to a much higher or lower value in a single calibration

calculation iteration. For example, if an error is calculated, the attenuators may be

compensated by increase or decrease in increments, for example, 1 dBm per calculation.

Further, calibration may only be performed for one BTS input 957 or less than all BTS

inputs 957. Attenuation levels may be set to maximum thresholds to minimize impact to

shared links in the downlinks and uplinks.

[00238] The calibration thread 1008 checks to see if calibration has been turned off

before repeating (block 1389), in which case it is turned off (block 1390). If calibrations

are required, they are calculated (block 1391) and applied to the attenuators (block 1392).

For the downlinks, the RAU microprocessor 977 can set the gain of two RAU attenuators

1336A, 1336B (FIG. 38B) and attenuators 1253 in the downlink BIC 949 to compensate

for calculated losses from actual versus expected signal strengths after which the



downlink communication path 1250 for the selected RAU 906 is calibrated. Similarly,

the calibration thread 1008 calculates the attenuation for the selected OIM 910 to

compensate for the loss in the uplink communication path 1254 (block 1391). The

calibration thread 1008 then sends the attenuation settings to the selected OIM 910,

which in turn sets the OIM 910 attenuation by setting the attenuation of the attenuators

1376A, 1376B (FIG. 38B) in the uplink communication path 1254 for the selected RAU

906 and in the attenuators 1287 in the uplink BIC 950.

[00239] As previously discussed, the embodiment of the HEU 902 is configured to

support up to thirty-six (36) RAU s 906, via up to twelve (12) OIMs 910 supporting up

to three (3) RAUs 906 each. However, in certain configurations, more than thirty-six

(36) RAUs 906 may be needed or desired to provide the desired coverage areas. For

example, the RAUs 906 may provide picocellular coverage areas. In this regard, a

plurality of HEUs 902 may be provided 902A, 902B, 902N as illustrated in FIG. 40. In

this example, one HEU 902A is configured as a master HEU with other HEUs 902B,

902N provided as slave units off of the master HEU 902A. The slave HEUs 902B, 902N

are coupled to the master HEU 902A, and more particularly, the HEU controller 958A,

via a private network 1400. The private network 1400 may be provided as any type of

communication link and according to any protocol desired, such as Transport

Communication Protocol (TCP) / Internet Protocol (IP), as an example. Each HEU

902A, 902B, 902N may be configured with its own TCP/IP address that supports data

packet communications. In this manner, clients 920 can communicate over a customer

network 914 with the master HEU 902A to not only retrieve and configure information

from the master HEU 902A and the RAUs 906A, but also the slave HEUs 902B, 902N

and RAUs 906B, 906N. The slave HEUs 902B, 902N and RAUs 906B, 906N are only

accessible by clients 920 from the master HEU 902 in this embodiment.

[00240] FIG. 41A illustrates a similar HEU configuration to FIG. 40, except that a

gateway/firewall 1402 is installed between the customer network 914 and the master

HEU 902A. The gateway/firewall 1402 may allow private IP addresses between the

master HEU 902A and the slave HEUs 902B, 902N on the private network 1400 and one

public IP address to access the master HEU 902A via the customer network 914 (FIG.



24). The master HEU 902A may also employ Dynamic Host Configuration Protocol

(DHCP) to assign private IP addresses to the slave HEUs 902B, 902N.

[00241] FIGS. 41B and 41C also illustrate configurations employing multiple HEUs

902. In FIG. 41B, each HEU 902 is connected and accessible on the customer network

914. Thus, both HEUs 902 are master units that each operate independently of each

other. Still this embodiment, allows clients access from one master HEUs 902 to all other

HEUs 902 on the customer network 914. The customer network 914 has to access each

HEU 902 in FIG. 41B independently. In FIG. 41C, a configuration is provided that is a

hybrid configuration of the configurations in both FIGS. 41A and 41B. In FIG. 41C,

multiple master HEUs 902A', 902A" are provided that are each accessible over the

customer network 914. Each master HEU 902A', 902A" is coupled to its own private

network 1400', 1400" to communicate with slave HEUs 902B', 902N', 902B", 902N",

respectively. Thus, as illustrated in FIGS. 40-41C, multiple configurations involving

multiple HEUs 902 are possible and can be provided to configure the optical fiber-based

wireless system(s) 900 in different configurations.

[00242] As previously discussed and illustrated in FIGS. 24, 25, and 30, the HEU 902

is configured to provide the external interface services via the external interface thread

1010. The external interface thread 1010 supports both the web server 940 for web

browser interfacing and the SNMP agent 942 for interfacing to the SNMP server 920.

The external interface thread 1010 allows access to data that has been previously

described above regarding the optical fiber-based wireless system 900. For example, as

illustrated in FIG. 30, the external interface thread 1010 includes an external interface

queue that receives messages from other threads 1002 in the HEU controller 958 in this

regard. For example, the logger thread 1004 sends communication messages to the

external interface thread 1010 to report alarms, system events, errors, to calibrate and/or

restart the HEU controller 958 and/or its threads 1002, etc. The HEU controller process

1001 also sends messages to the external interface thread 1010. The SNMP agent 942

and web server 940 can also be directly accessed via the external interface manager

module 974. The external interface thread 1010 also has direct access to datastore 966 to

be able to obtain information stored in datastore 966 by the other threads 1002, including

points and point information and module configurations. Some of these features will be



discussed now in more detail by example of the web server 940 in the HEU 902. As

previously discussed, the web server 940 allows the ability for web clients 920 to access

the HEU 902 and the HEU controller 958.

[00243] The web server 940 in this embodiment can support a number of the

previously described features provided in the HEU 902. For example, the web server 940

can allow a client 920 to configure the HEU 902. This includes enabling or disabling BTS

956 bands, adjusting BTS input 957 power levels, and setting gains for RAUs 906. The

web server 940 in this embodiment also allows configuring network addresses for the

HEU 902, user access management, saving the configuration of the HEU 902 to an

external file or uploading a configuration from a file, configuring the SNMP interface, and

managing floor plans for the optical fiber-based wireless system 900.

[00244] The web server 940 also allows a client 920 to monitor the overall status of

the optical fiber-based wireless system 900. The client 920 can view the status of the

points by allowing access to the point list 993. The web server 940 also allows a client

920 to set properties for the points. The web server 940 allows client 920 access to

alarms and logs reported by the HEU controller 958. The web server 940 also allows a

client 920 to upgrade firmware or software for the various microprocessor-based

components of the optical fiber-based wireless system 900. These same features and

services can also be provided by the SNMP agent 942.

[00245] In this regard, FIGS. 42-48 illustrate exemplary web browser graphical user

interface (GUI) screens that are supported by the web server 940 in this embodiment to

allow web clients 920 to access the HEU 902 and to perform various features and

functions. FIG. 42 illustrates a login page 1500 displayed on the browser of a client 920

that may be provided by the web server 940 to the client 920 when the IP address of the

HEU 902 is accessed by the client 920. The web server 940 may require a user name and

password that has been previously established in the web server 940 and stored in a user

name and password list in datastore 966 before granting a client 920 access to further

features for the HEU 902 provided by the web server 940. A user would type in their

user name in the user name box 1502 and their corresponding password in the password

box 1504 and select the "Login" button 1506 on the login page 1500 to log into the HEU

902. The web server 940 will authenticate the user name and password before granting



further access to the client 920. The web server 940 may support different types of logins

with different authorization or access ability.

[00246] FIG. 43 illustrates a various categories of access to the HEU 902. The name

of the user currently logged in is displayed in a user login name area 1511. If the user

desires to log out, the user can select the "Sign Out" link 1513. A banner 1512 is

provided on the left-hand side of the page 1510 that illustrates the current optical fiber-

based wireless systems ("IDAS System") currently provided in a hierarchal or tree

structure. For example, underneath an IDAS System heading 1514, there are five (5)

HEUs 1516 listed. An expansion button 1518 by the IDAS System heading 1514 can be

selected to show the HEUs 1516 included in the system. Each of the HEUs 1516 can be

given customer names, if desired, which can be alias names. As will be described in more

detail below, expansion buttons 1520 are also provided beside each HEU 1516 to further

expand access to modules in the HEU 1516, which in this case would be discovered and

initialized OIMs 910. OIMs 910 can be expanded to show discovered and initialized

RAUs 906 coupled to the OIMs 910. Selection boxes 1522, 1524 allow selection of the

desired HEUs 1516. Operations performed in a feature section 1525 of the default page

1510 will be performed on selected devices or modules. If the selection box 1522 for the

IDAS System is checked, the selection boxes 1524 for HEUs 1516 therein will be

checked automatically. However, each HEU 1516 can be unchecked or checked

individually as desired.

[00247] The status of each HEU 1516 is shown in a status icon 1526 to provide a

visual status indication of the component shown, which in this example is an HEU 902.

For example, the status icons 1526 could be color coded. A green color could indicate no

errors or warning for the HEU 902 and its components in this embodiment. A yellow

color could indicate that at least one warning is present for the HEU 902 in this

embodiment. A red color could indicate a critical error is present for the HEU 902 in this

embodiment. Beside the status icons 1526 are flags 1528 that are provided if a

component within the HEU 902 has a fault, which in this case would be either an OIM

910 or a RAU 906. The feature section 1526 includes a banner 1530 that provides the

various functions and features made available to the client 920 with regard to the selected

HEU(s) 902 or modules. The "System Status" tab 1532 can be selected to view the



status of a selected HEU 902. The "Config" tab 1534 can be selected to configure certain

aspects of the HEU 902 or its modules. The "Monitor" tab 1536 can be selected to

monitor the selected HEU 902 and its modules that have been discovered and initialized.

The "Alarms" tab 1538 can be selected to view alarms either reported by the modules or

calculated by the scheduler thread 1007 in an HEU controller 958. The "Logs" tab 1540

can be selected to view the log of system events recorded by the logger thread 1004 in a

HEU controller 958. The "Properties" tab 1542 can be selected to provide certain

properties about selected HEUs 902 or other components. The "Installation" tab 1544

can be selected to provide information about installation. The "Service Status" tab 1546

can be selected to view the overall status of a selected HEU 902 or module. The "System

Information" tab 1547 can be selected to display a table of module information for each

detected module in the HEU 902 and RAUs 906 connected thereto. Each of the features

available through the external interface functionality of the HEU 902 will be discussed in

more detail below. A tracer event can also be displayed in the trace message section

1527.

[00248] FIG. 44 illustrates the default page 1510 when the "System Notes" tab 1532

has been selected by a client 920. The default page 1510 is also displayed as the initial

page after a user has logged in. As illustrated, the overall or "snapshot" of the system

status is provided in a "System Status" area 1550. If RF communication has been

enabled, an "RF Enabled" check box 1552 is selected. RF communications can be

disabled by unselecting the "RF Enabled" check box 1552 if such permission is granted to

the user, otherwise the "RF Enabled" check box 1552 will be unselectable. The number

of faulty HEUs 902, OIMs 910, and RAUs 906 are listed in a "Faulty" section 1554,

meaning these components are at fault. The number of degraded components is also

listed in a "Degraded" section 1556, meaning a fault condition exists, but the components

may be operational. The number of operational components without faults are listed in a

"Working" section 1558. The details regarding the installer and primary and secondary

contacts can be displayed in an installation area 1560. This information can be edited by

selecting the "Edit" link 1562. Notes regarding the last service are displayed in a

"Service" area 1564. Service notes entered by a service technician can be displayed by

selecting the "View Service Notes" link 1566. The service manual can be viewed by



selecting the "View Service Manual" link 1568. If more information regarding identifying

which HEUs 902, OIMs 910, and RAUs 906 in particular are at fault, the expansion

buttons 1520 can be selected to expand and display the OIMs 910 for each expanded

HEU 902 in the banner 1512, as illustrated in FIG. 45. Expansion buttons 1570 for each

OIM 910 can be further selected to display the RAUs 906 for each expanded OIM 910.

Status icons 1526 and status flags 1528 are displayed beside the modules that contain

warning or errors. Status flags 1528 are not displayed beside the RAUs 906, because the

RAUs 906 have no further sub-components that are tracked for errors at the system level

accessible externally through the HEU 902.

[00249] FIG. 46 illustrates an exemplary configuration page displayed on a client's

920 web browser when a "HEU BTS Config" tab 1579 has been selected under the

"Config" tab 1534. The HEU 902 supports the ability of a client 920 to configure certain

aspects of the HEU 902. Configuration can involve configuring the HEU 902 and

configuring the communications links for the HEU 902. For example, as illustrated in

FIG. 46, the web server 940 allows the client 920 to enable or disable BTS inputs 957 for

selected HEUs 902 in the banner 1512 by selecting a BTS input enable box 1580 for each

BTS input 957 (i.e., BTS 1, BTS 2, BTS 3, BTS 4). If the BTS input enable box 1580 is

not selected for a particular BTS input 957, the BTS input power for such BTS input 957

is defaulted to 0 dBm in this embodiment. If the BTS input enable box 1580 is enabled,

the maximum input power or gain (in dBm) for the BTS inputs 957 can be provided by

typing a number in an input power input box 1582. The BTS inputs 957 may be limited,

for example, between -10 and 30 dBm, with 3OdBm being the maximum input power.

Different BTS inputs 957 may be provided by different carriers or service providers and

may be normalized for this reason via configuration. Uplink BIC ports may also be

limited for maximum power input although not configurable by a client in this

embodiment. Thereafter, the new configuration can be committed by selecting a "Commit

Configuration" button 1584, which will then cause the HEU controller 958 to apply the

power level settings to the BTS inputs 957 for the RAUs 906 per BTS input band. The

gain level will affect the calibration of the links. Alternatively, by selecting a "Revert to

Actual Values" button 1586, the previously committed input power values will be



retained and displayed in the input power input boxes 1582 for the RAUs 906 for the

selected HEUs 902.

[00250] FIG. 47A illustrates an exemplary configuration page displayed on a client's

920 web browser when a "Link "Config" tab 1590 has been selected. The HEU 902

supports the ability of a client 920 to configure links for the HEU 902. For example, as

illustrated in FIG. 47A, the web server 940 allows, as an option, the client 920 to select

an advanced view by selecting an "Advanced View" selection box 1592. If selected,

separate gains for uplinks and downlinks can be provided, otherwise only one gain setting

is allowed for both the downlink and uplink of a given band. In response, the possible

bands that can be enabled will be displayed in a band display area 1594. Each band can be

enabled or disabled by selecting or deselecting "Enable Band" selection boxes 1596. The

uplink gain and downlink gain (in dB) can be set by the client 920 for enabled bands by

typing in the desired gains in an "Uplink Gain" input box 1598 and a "Downlink Gain"

input box 1600 for each band. Warnings can be ignored if configuring a locked RAU 906

by selecting an ignore warning selection box 1602. The link configuration for the RAUs

906 can be locked after a link configuration has been committed by selecting a lock RAUs

section box 1604. Locking the configuration locks the gain for the RAUs 906 and other

set values such that they cannot be changed without unlocking and proper authorization.

These link configurations can be committed by selecting a "Commit Configuration"

button 1606, which will then cause the HEU controller 958 to apply the link

configurations to the RAUs 906, as previously discussed (see FIG. 38B). Alternatively,

by selecting a "Revert to Actual Values" button 1608, the previously committed link

configurations will be retained and displayed. When a module is selected, if an alarm is

already present, it can be displayed and viewed.

[00251] FIG. 47B illustrates an exemplary users page displayed on a client's 920 web

browser when the "Users" tab 1535 under the "Config" tab 1534 has been selected. This

allows authorized users to be created and provides a list of established users. The

"Users" tab 1535 may be restricted based on the permission level for the current user. In

this regard, an "Add User" section 1537 is provided whereby a new user can be added. A

user name 1539 and password 1541, 1543 can be entered for an added user. A

description 1545 for the added user and a permissions setting 1547 for the added user can



be selected. Different permissions can be selected to control various accesses to the HEU

controller 958 and its functionality. Once the information for the new user is provided,

the user information can be saved by selected a "SAVE USER" button 1549 or the

addition of the user can be cancelled by selecting a "CANCEL" button 1551. If it is

desired to edit or delete a previously added user, a users list 1553 is displayed wherein

any of the users can be selected. For example, a user with the user name "IDAS" is

selected in the users list 1553. The user can be deleted by selecting a delete button 1555,

if desired.

[00252] FIG. 47C illustrates an exemplary engineering page displayed on a client's

920 web browser when the "Engineering" tab 1557 under the "Config" tab 1534 has been

selected. This allows point information that is configurable to be edited by a user to be

edited. For points for modules, as indicated by the module name 1559 and point name

1561, the raw value 1563, slope value 1565, and offset value 1567 of the point can be

edited by a user. The raw value 1563 sets the VALUE bit in the flagbits 999, as

previously discussed and illustrated in FIG. 29. The slope value 1565 and offset value

1567 set the STEP SIZE and OFFSET bits in the flagbits 999, as previously discussed and

illustrated in FIG. 29. If it is desired to see the current value of the raw value 1563, slope

value 1565, and offset value 1567, a get value button 1569 can be selected, in which case

these values are displayed to the user. To set the raw value 1563, slope value 1565, and

offset value 1567 to the values entered by the user, a set value button 1571, set slope

button 1573, and set offset button 1575 can be selected, respectively, wherein the HEU

controller 958 will update such information for the selected point name 1561.

[00253] FIG. 48 illustrates an exemplary system monitor page displayed on a client's

920 web browser when the "Monitor" tab 1536 has been selected and at least one module

has been selected. The HEU 902 supports the ability of a client 920 to monitor points for

the HEU 902. For example, as illustrated in FIG. 48, the web server 940 allows the client

920 to see a listing 1610 of all points for all modules 1612 by point name 1614, the

current value of the point 1618, the units 1620, and whether the point is writeable 1622

and dynamic 1624.

[00254] FIG. 49 illustrates an exemplary system alarm page displayed on a client's 920

web browser when the "Alarms" tab 1538 has been selected. The HEU 902 supports the



ability of a client 920 to see alarms generated for the HEU 902. For example, as

illustrated in FIG. 49, the web server 940 allows the client 920 to see a listing of all

alarms 1630 by module 1632, point name 1634, current value 1636, units 1638, alarm

status 1640, threshold 1642, hysteresis 1644, and other characteristics that may be

provided in the fiagbits 999 (FIG. 29).

[00255] FIGS. 5OA and 5OB illustrate an exemplary log page displayed on a client's

920 web browser when the "Logs" tab 1540 has been selected. The HEU 902 supports

the ability of a client 920 to see logs, which are system events, generated for the HEU

902. For example, as illustrated in FIGS. 5OA and 5OB, the web server 940 as an option

allows the client 920 to select the logs desired to be viewed by selecting an option in a

"Scope of Log View" selection drop down menu 1650. Optional radio buttons 1652,

1654, 1656, and 1658 can be selected individually to see a list of all logs, critical faults

only, system events only, or warning events only, respectively. The logs, whichever

options are selected, are displayed in a listing 1660 on the default page 1510.

[00256] FIG. 51A illustrates an exemplary properties page displayed on a client's 920

web browser when the "Properties" tab 1542 has been selected. The HEU 902, and more

particularly, the HEU controller 958, supports the ability of a client 920 to see and

provide properties for selected components in the banner 1512. These properties may be

useful to store information about the HEUs 902 and their components for maintenance or

other reasons. For example, as illustrated in FIG. 51A, the name of the selected

component is provide in a "System Component Name" box 1680. A nickname can be

added or modified in a "Customer Assigned NickName" input box 1682. A serial number

and hardware model of the selected component can be provided in a "Serial Number"

input box 1684 and a "Hardware Model" input box 1686, respectively. A hardware

revision number and firmware revision number are displayed in a read only in a

"Hardware Rev" input box 1688 and a "Firmware Rev" input box 1690, respectively. A

customer assigned location can be provided in a "Customer Assigned Location" input box

1692. If it is desired to provide a picture or graphic of a system configuration (e.g., flow

plan), a bitmap can be provided by providing a bitmap name in a "Location Bitmap

Name" input box 1694. A "Browse" button 1696 allows browsing of directories and file

names to select the desired bitmap file. The selected component can be identified in



particular on the bitmap by providing an X and Y coordinate in X and Y input boxes

1698, 1700.

[00257] FIG. 51B illustrates an exemplary systems information page displayed on a

client's 920 web browser when the "Installation" tab 1544 has been selected. The HEU

controller 958 supports the ability of a user to provide installation information regarding

the installer for a particular installation for the HEU 902. In this manner, users can pull

up this information to contact the installer, if desired. In this regard, the installer's name

1703, address 1705, city, state, and zip code 1707, and website address 1709 can be

provided as illustrated in FIG. 51B. A primary contact 1711 and his or her phone number

1713, email address 1715, and logo 1717 can be provided, as well as a secondary contact

1719 and his or her phone number 1721, email address 1723, and logo 1725. When

additions or changes are completed, the current configuration for the HEU 902 and RAUs

906 can be committed by selecting a commit configuration button 1727, or the HEU

controller 958 can revert to actual values of configured information for the HEU 902 and

RAUs 906 by selecting a revert to actual values button 1729.

[00258] FIG. 52 is an exemplary user configuration supported by the HEU controller

958 and displayed on a client's 920 web browser. As illustrated therein, the client 920

can select to configure users authorized to access the HEU 902 via the web server 940 by

selecting a "Users" tab 1710 under the "Config" tab 1534. The current setup users are

displayed by user id 1712 in a current user's area 1714. A particular user can be removed

if the current user has sufficient permission by selecting a "Remove User" 1716 button

when the user to be removed is selected from the current users area 1714. To create a

new or update or edit a previously established user, a user configuration area 1718 is

provided. The user's login name can be provided in a "User Name" input box 1720. A

description of the user can be provided in a "Description" input box 1722. The user's

password and confirmation of password can be provided in a "Password" input box 1724

and a "Confirm Password" input box 1726, respectively. The user's privileges can be

selected among various privilege settings 1728 illustrated in FIG. 52. All updates can be

committed to the HEU 902 by selected a "Commit Updates" button 1730.

[00259] FIG. 53 is an exemplary network setup configuration supported by the HEU

controller 958 and displayed on a client's 920 web browser for network access to the



HEU 902. As illustrated, a client 920 can provide a network setup for the HEU 902 by

selecting a "Network Setup" tab 1740 under the "Config" tab 1534. When selected,

network setup options for the selected HEU 902 will be displayed. The IP address of the

HEU 902 can either be assigned statically via a static IP address, subnet mask, and default

gateway provided in a "Static IP address" input box 1742, "Subnet Mask" input box

1744, and "Default Gateway" input box 1746, respectively. The DHCP server, Domain

Name System (DNS) server primary and DNS server secondary can be provided in a

"DHCP Server" input box 1748, a "DNS Server Primary" input box 1750, and a "DNS

Server Secondary" input box 1752, respectively. Alternatively, the HEU 902 can be

configured to automatically obtain network settings via DHCP by selecting a radio button

1754. If the HEU 902 is to be configured in a private network or master/slave

configuration, a support discovery check box 1756 can be selected to discover other

HEUs 902. The HEUs 902 can be configured in the desired configuration, including the

configurations previously discussed and illustrated in FIGS. 40-41C. All network

configurations selected can be committed by selecting a "Commit Configuration" button

1758. Alternatively, by selecting a "Revert to Actual Values" button 1760, the previously

committed network configurations will be retained and displayed.

[00260] FIG. 54 is an exemplary HEU configuration page supported by the HEU

controller 958 and displayed on a client's 920 web browser. As illustrated, a client 920

can provide a System HEU configuration for the HEU 902 by selecting a "System HEUs"

tab 1770 under the "Config" tab 1534. When selected, HEU system information for the

selected HEU 902 will be displayed. Manual IP addresses for HEUs 902 to be discovered

can be typed into a "Manual IP Address" input box 1772 and added to a list 1774 of

configured HEU IP addresses. Alternatively or in addition, self discovered HEUs 902 can

be selected from a list 1776 by selecting the desired self discovered HEU 902 from the list

1776 and adding the HEU address to the list 1774 by selecting an "Add HEU Address"

button 1778. This is populated if the support discovery check box 1756 in FIG. 53 was

selected. HEU addresses can also be removed by selecting the IP address to be removed

from list 1774 and selecting a "Remove HEU Address" button 1780. The software

avoids the need for additional customer interface software running under the customer's

control and involving multiple types of machines, operating systems and environments.



IDAS will use industry standard client interface hosting applications that will include a

Web browser and Terminal Emulator hardware, and will promote the selection of industry

standard management interfaces.

[00261] FIG. 55 is an exemplary service notes page supported by the HEU controller

958 and displayed on a client's 920 web browser. The service notes allow a technician to

enter notes about servicing of the HEU 902 so that this information can be stored in a log

for later review, if needed or desired. In this regard, the user can select the "Service

Notes" tab 1546. The "Service Notes" tab 1546 may be restricted to only technicians that

are authorized to perform service actions on the HEU 902. Services notes can be entered

in a service notes window 1802, wherein a technician name 1804 and notes 1806 can be

entered and saved by selecting a "SAVE" button 1807. If it is desired to clear

information provided in these fields, a "CLEAR" button 1808 can be selected. Previous

service notes entered in order of most recent are displayed in a "Service Notes Log"

window 1810.

[00262] FIG. 56 is an exemplary system information page supported by the HEU

controller 958 and displayed on a client's 920 web browser. The system information page

allows a technician or user to review information about the HEU 902 and modules. This

information may be useful in servicing or upgrading the HEU 902 and other modules. In

this regard, the user can select the "System Information" tab 1547. When selected, a

serial number 1822, hardware version 1824, and firmware version 1826 for the HEU 902

is shown in an HEU window 1828. Module names 1830, and their type 1832, serial

number 1834, hardware version 1836, and firmware version 1838 are also displayed in a

modules window 1840.

[00263] The optical-fiber based wireless system discussed herein can encompass any

type of electronic or fiber optic equipment and any type of optical connections and receive

any number of fiber optic cables or single or multi-fiber cables or connections. Further, as

used herein, it is intended that terms "fiber optic cables" and/or "optical fibers" include all

types of single mode and multi-mode light waveguides, including one or more bare optical

fibers, loose-tube optical fibers, tight-buffered optical fibers, ribbonized optical fibers,

bend-insensitive optical fibers, or any other expedient of a medium for transmitting light

signals. Many modifications and other embodiments set forth herein will come to mind to



one skilled in the art to which the embodiments pertain having the benefit of the teachings

presented in the foregoing descriptions and the associated drawings.

[00264] Therefore, it is to be understood that the description and claims are not to be

limited to the specific embodiments disclosed and that modifications and other

embodiments are intended to be included within the scope of the appended claims. It is

intended that the embodiments cover the modifications and variations of the embodiments

provided they come within the scope of the appended claims and their equivalents.

Although specific terms are employed herein, they are used in a generic and descriptive

sense only and not for purposes of limitation.



What is claimed is:

1. A wireless communication system, comprising:

communication components, comprising:

a downlink base transceiver station (BTS) interface configured to receive

downlink electrical radio frequency (RF) signals from at least one BTS on at least

one communication downlink;

at least one optical interface module (OIM) configured to:

receive and convert the downlink electrical RF signals from the

downlink BTS interface into downlink Radio-over-Fiber (RoF) signals on

the at least one communication downlink; and

receive and convert uplink RoF signals from at least one remote

antenna unit (RAU) into uplink electrical RF signals on at least one

communication uplink;

an uplink BTS interface configured to receive and communicate the uplink

electrical RF signals from the at least one communication uplink to the at least one

BTS; and

a controller configured to execute software to communicate communication

operations to the communication components over a communication bus comprising the

at least one communication downlink without interruption of the downlink electrical RF

signals and downlink RoF signals on the at least one communication downlink.

2 . The wireless communication system of claim 1, wherein the communication bus

further comprises the at least one communication uplink.

3 . The wireless communication system of claim 1 or 2, wherein the controller is

further configured to execute software to communicate communication operations over

the communication bus without interruption of the uplink electrical RF signals and uplink

RoF signals on the at least one communication uplink.



4 . The wireless communication system of claim 1, 2, or 3, wherein the controller is

further configured to store configuration information for the communication components

in datastore coupled to the controller.

5 . The wireless communication system of claim 4, wherein the controller is further

configured to communicate the configuration information to the communication

components.

6 . The wireless communication system of claim 4, wherein the communication

components are further configured to preserve the configuration information over an

interruption of the controller.

7 . The wireless communication system of claim 6, wherein the interruption of the

controller is comprised from the group consisting of a failure of the controller, a reboot of

the controller, a power down of the controller, a loading of software to be executed by

the controller, and a reloading of software to be executed by the controller.

8. The wireless communication system of claim 1, 2, 3, or 4, wherein the

communication components can be replaced without interrupting the controller.

9 . The wireless communication system of claim 1, 2, 3, or 4, wherein the controller is

further configured to discover the presence at least one of the communication

components.

10. The wireless communication system of claim 9, wherein the controller is further

configured to periodically rediscover the presence at least one of the communication

components to ensure that the at least one of the communication components are

operational.



11. The wireless communication system of claim 9, wherein the controller is further

configured to uninitialize the at least one of the communication components that cannot

be discovered by the controller.

12. The wireless communication system of claim 1, 2, 3, 4, or 9, wherein the

controller comprises a microprocessor or microcontroller.

13. The wireless communication system of claim 1, 2, 3, 4, 9, or 12, wherein the

controller is further configured to support multi-threaded processes.

14. The wireless communication system of claim 9, wherein the controller is further

configured to enumerate point information from the at least one of the communication

components discovered.

15. The wireless communication system of claim 1, 2, 3, 4, 9, or 12, wherein the

communications operations comprise the controller configured to receive at least one

point from at least one of the communication components.

16. The wireless communication system of claim 15, wherein the at least one point

includes an identity of the communication component and a point identification (ID).

17. The wireless communication system of claim 15, wherein the controller is further

configured to store the at least one point in datastore coupled to the controller.

18. The wireless communication system of claim 15 or 17, wherein the controller is

further configured to set the at least one point in the at least one of the communication

components.

19. The wireless communication system of claim 15 or 17, wherein the controller is

further configured to receive flagbits to provide characteristic information regarding the at

least one point.



20. The wireless communication system of claim 19, wherein the flagbits indicate if

the at least one point is alarmable.

21. The wireless communication system of claim 19, wherein the flagbits indicate

whether the at least one point is static or dynamic.

22. The wireless communication system of claim 19, wherein the flagbits indicate

whether the at least one point is writeable.

23. The wireless communication system of claim 19, wherein the flagbits indicate if

the at least one point is associated with the communication uplink or communication

downlink, alarmable, includes a value, includes a setpoint, includes a threshold, includes a

minimum threshold, includes a maximum threshold, includes hysteresis, includes a

minimum hysteresis, includes a maximum hysteresis, includes an offset, or includes a

stepsize.

24. The wireless communication system of claim 1, 2, 3, 4, 9, 12, or 14, wherein the

wherein the communications operations comprise the controller configured to monitor at

least one of the communication component.

25. The wireless communication system of claim 24, wherein the controller is further

configured to receive monitoring information regarding the at least one of the

communication components.

26. The wireless communication system of claim 25, wherein the controller is further

configured to communicate the monitoring information over a network.

27. The wireless communication system of claim 25 or 26, wherein the controller is

further configured to communicate the monitoring information to a remote system.



28. The wireless communication system of claim 25, wherein the controller is further

configured to determine a status of the at least one of the communication component

from the monitoring information.

29. The wireless communication system of claim 25, wherein the controller is further

configured to determine an aging of the at least one of the communication component

from the monitoring information.

30. The wireless communication system of claim 25 or 29, wherein the controller is

further configured to determine if the at least one of the communication component has

failed from the monitoring information.

31. The wireless communication system of claim 24, wherein the controller is further

configured to monitor the at least one of the communication components by receiving at

least one point from the at least one of the communication components.

32. The wireless communication system of claim 1, 2, 3, 4, 9, 12, 14, or 24, wherein

the communications operations comprise the controller configured to receive alarm

information from at least one of the communication components.

33. The wireless communication system of claim 32, wherein the controller is further

configured to report the alarm information over a network.

34. The wireless communication system of claim 32, wherein the controller is further

configured to report the alarm information to a remote system.

35. The wireless communication system of claim 32, wherein the alarm information

indicates if the alarm is a critical alarm or a non-critical alarm.



36. The wireless communication system of claim 32 or 35, wherein the controller is

further configured to calculate an alarm for the at least one of the communication

components.

37. The wireless communication system of claim 36, wherein the controller is further

configured to calculate the alarm based on an alarm configuration.

38. The wireless communication system of claim 32, 35, or 36, wherein the alarm

information includes whether the controller or the at least one of the communication

components is responsible to calculate an alarm for the at least one of the communication

components.

39. The wireless communication system of claim 32, 35, 36, or 37, wherein the

controller is further configured to receive the alarm information in a point regarding the at

least one of the communication components.

40. The wireless communication system of claim 32, 35, 36, or 37, wherein the

controller is further configured to periodically receive the alarm information.

41. The wireless communication system of claim 40, wherein the controller is further

configured to periodically publish the alarm information.

42. The wireless communication system of claim 41, wherein the controller is further

configured to periodically publish the alarm information to a network.

43. The wireless communication system of claim 41, wherein the controller is further

configured to periodically publish the alarm information to a remote site.

44. The wireless communication system of claim 32, wherein the alarm information

defines at least one condition indicative of a predictive failure in the at least one of the

communication components.



45. The wireless communication system of claim 32, wherein the controller is further

configured to predict the failure of at least one of the communications components based

on receiving the alarm information from at least one of the communication components

defining at least one condition indicative of a predictive failure in the at least one of the

communication components.

46. The wireless communication system of claim 1, 2, 3, 4, 9, 12, 14, 24, or 32,

wherein the controller is further configured to receive client requests regarding at least

one of the communication components from a client.

47. The wireless communication system of claim 46, wherein the controller is further

configured to provide responses regarding the client requests relating to the at least one

of the communication components to the client.

48. The wireless communication system of claim 46 or 47, wherein the controller is

further configured to receive the client requests from a network.

49. The wireless communication system of claim 46, 47, or 48, wherein the controller

is further configured to receive the client requests from a remote site.

50. The wireless communication system of claim 47, wherein the controller is further

configured to provide the responses regarding the client requests over a network.

51. The wireless communication system of claim 47 or 50, wherein the controller is

further configured to provide the responses regarding the client requests to a remote site.

52. The wireless communication system of claim 46, wherein the client requests are

comprised from the group consisting of status for the communication components,

activation of the communication components, deactivation of the communication

components, activation of a BTS band for the downlink BTS interface, deactivation of the

BTS band for the downlink BTS interface, monitoring information for the communication



components, alarm information for the communication components, log information for

the communication components, configuration for the communication components, a gain

setting to adjust BTS input power to the downlink BTS interface, properties information,

installation information, and service notes.

53. The wireless communication system of claim 47, wherein the client responses are

comprised from the group consisting of status for the communication components,

monitoring information for the communication components, alarm information for the

communication components, log information for the communication components,

configuration for the communication components, a gain setting to adjust BTS input

power to the downlink BTS interface, properties information, installation information, and

service notes.

54. The wireless communication system of claim 46 or 47, wherein the controller is

further configured to provide a management interface agent to support the client requests.

55. The wireless communication system of claim 46 or 47, wherein the controller is

further configured to maintain user accounts for access to the controller.

56. The wireless communication system of claim 46 or 47, wherein the controller is

further configured to support a user interface.

57. The wireless communication system of claim 56, wherein the controller is further

configured display at least one point regarding at least one of the communication

components on the user interface.

58. The wireless communication system of claim 46 or 47, wherein the controller is

further configured to host a web server for receiving the client requests.

59. A method of communicating communication operations for a wireless

communication system, comprising:



communicating radio frequency (RF) signals over communication components,

comprising:

a downlink base transceiver station (BTS) interface configured to receive

downlink electrical radio frequency (RF) signals from at least one BTS on a

communication downlink;

at least one optical interface module (OIM) configured to:

receive and convert the downlink electrical RF signals from the

downlink BTS interface into downlink Radio-over-Fiber (RoF) signals on

at least one communication downlink; and

receive and convert uplink RoF signals from at least one remote

antenna unit (RAU) into uplink electrical RF signals on at least one

communication uplink;

an uplink BTS interface configured to receive and communicate the uplink

electrical RF signals from the at least one communication uplink to the at least one

BTS; and

executing software in a controller to communicate the communication operations

to the communication components over a communication bus comprising the at least one

communication downlink without interruption of the downlink electrical RF signals and

downlink RoF signals on the at least one communication downlink.

60. The method of claim 59, wherein the communication bus further comprises the at

least one communication uplink.

61. The method of claim 59 or 60, wherein the controller is further configured to

execute software to communicate communication operations over the communication bus

without interruption of the uplink electrical RF signals and uplink RoF signals on the at

least one communication uplink.

62. The method of claim 59 or 60, further comprising communicating configuration

information to the communication components.



63. The method of claim 62, wherein the communication components are further

configured to preserve the configuration information over an interruption of the

controller.

64. The method of claim 63, wherein the interruption of the controller is comprised

from the group consisting of a failure of the controller, a reboot of the controller, a power

down of the controller, a loading of software to be executed by the controller, and a

reloading of software to be executed by the controller.

65. The method of claim 59, 60, or 61, wherein the communication components can

be replaced without interrupting the controller.

66. The method of claim 59, 60, or 61, further comprising discovering the presence of

at least one of the communication components.

67. The method of claim 66, further comprising periodically rediscovering the

presence of the at least one of the communication components to ensure that the at least

one of the communication components is operational.

68. The method of claim 59, 60, or 61, further comprising receiving at least one point

from at least one of the communication components.

69. The method of claim 68, further comprising setting the at least one point in the at

least one of the communication components.

70. The method of claim 66, further comprising enumerating point information from

the at least one of the communication components discovered.

71. The method of claim 59 or 68, further comprising monitoring at least one of the

communication components.



72. The method of claim 71, further comprising determining a status of the at least

one of the communication components from monitoring information.

73. The method of claim 72, further comprising determining an aging of the at least

one of the communication components from the monitoring information.

74. The method of claim 72 or 73, further comprising determining if the at least one of

the communication components has failed from the monitoring information.

75. The method of claim 59, 68, or 71, further comprising receiving alarm information

from at least one of the communication components.

76. The method of claim 75, further comprising reporting the alarm information over a

network.

77. The method of claim 75 or 76, further comprising reporting the alarm information

to a remote system.

78. The method of claim 75, further comprising calculating an alarm for at least one of

the communication components.

79. The method of claim 78, wherein the alarm information includes whether the

controller or the at least one of the communication components is responsible to calculate

an alarm for the at least one of the communication components.

80. The method of claim 75, further comprising periodically receiving the alarm

information.

81. The method of claim 75 or 80, further comprising periodically publishing the alarm

information.



82. The method of claim 75, further comprising predicting the failure of at least one of

the communications components based on receiving the alarm information from at least

one of the communication components defining at least one condition indicative of a

predictive failure in the at least one of the communication components.

83. The method of claim 59, 68, 71, or 75, further comprising receiving client requests

regarding at least one of the communication components from a client.

84. The method of claim 83, further comprising providing responses regarding the

client requests relating to the at least one of the communication components to the client.

85. The method of claim 83 or 84, further comprising providing a management

interface agent to support the client requests.

86. The method of claim 83 or 84, further comprising maintaining user accounts for

access to the controller.

87. The method of claim 83 or 84, further comprising supporting a user interface.

88. The method of claim 83 or 84, further comprising displaying at least one point

regarding at least one of the communication components on the user interface.

89. A computer readable medium having stored thereon computer executable

instructions to cause a controller to communicate communication operations to

communication components over a communication bus comprising at least one

communication downlink without interruption of electrical RF signals and RoF signals

communicated to the communication components, the communication components

comprising:

a downlink base transceiver station (BTS) interface configured to receive

downlink electrical radio frequency (RF) signals from at least one BTS on at least one

communication downlink;



at least one optical interface module (OIM) configured to:

receive and convert the downlink electrical RF signals from the downlink

BTS interface into downlink Radio-over-Fiber (RoF) signals on the at least one

communication downlink; and

receive and convert uplink RoF signals from at least one remote antenna

unit (RAU) into uplink electrical RF signals on at least one communication uplink;

and

an uplink BTS interface configured to receive and communicate the uplink

electrical RF signals from the at least one communication uplink to the at least one BTS.

90. A wireless communication system, comprising:

communication components, comprising:

a downlink base transceiver station (BTS) interface configured to receive

downlink electrical radio frequency (RF) signals from at least one BTS on at least

one communication downlink;

at least one optical interface module (OIM) configured to:

receive and convert the downlink electrical RF signals from the

downlink BTS interface into downlink Radio-over-Fiber (RoF) signals on

the at least one communication downlink; and

receive and convert uplink RoF signals from at least one remote

antenna unit (RAU) into uplink electrical RF signals on at least one

communication uplink;

an uplink BTS interface configured to receive and communicate the uplink

electrical RF signals from the at least one communication uplink to the at least one

BTS; and

a controller configured to predict the failure of at least one of the communications

components based on receiving alarm information from at least one of the communication

components defining at least one condition indicative of a predictive failure in the at least

one of the communication components.



91. The wireless communication system of claim 90, wherein the controller is further

configured to report the failure prediction over a network.

92. The wireless communication system of claim 90, wherein the controller is further

configured to report the failure prediction to a remote system.

93. The wireless communication system of claim 90, 91, or 92, wherein the controller

is further configured to calculate the alarm for the at least one of the communication

components.

94. The wireless communication system of claim 93, wherein the controller is further

configured to calculate the alarm based on an alarm configuration.

95. The wireless communication system of claim 90, 93, or 94, wherein the alarm

information includes whether the controller or the at least one of the communication

components is responsible to calculate an alarm for the at least one of the communication

components.

96. The wireless communication system of claim 90, 93, 94, 95, wherein the controller

is further configured to periodically receive the alarm information.

97. The wireless communication system of claim 96, wherein the controller is further

configured to periodically publish the alarm information.

98. A wireless communication system, comprising:

communication components, comprising:

a downlink base transceiver station (BTS) interface configured to receive

downlink electrical radio frequency (RF) signals from at least one BTS on at least

one communication downlink;

at least one optical interface module (OIM) configured to:



receive and convert the downlink electrical RF signals from the

downlink BTS interface into downlink Radio-over-Fiber (RoF) signals on

the at least one communication downlink; and

receive and convert uplink RoF signals from at least one remote

antenna unit (RAU) into uplink electrical RF signals on at least one

communication uplink;

an uplink BTS interface configured to receive and communicate the uplink

electrical RF signals from the at least one communication uplink to the at least one

BTS; and

a controller configured to execute software configured to automatically discover

the presence of at least one of the communication components when present in the system

and automatically uninitialize the at least one of the communication components when not

present in the system without interrupting the controller.

99. The wireless communication system of claim 98, wherein the controller is further

configured to periodically rediscover the at least one of the communication components

to ensure that the communication components are present in the system.

100. The wireless communication system of claim 98, wherein the controller is further

configured to enumerate point information from the at least one of the communication

components when discovered in the system.

101. The wireless communication system of claim 98, wherein the controller is further

configured to uninitialize the at least one of the communication components when the

controller determines that the at least one of the communication components is not

operational.
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