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(57) ABSTRACT 

A ?xed Wireless access system generally comprises a con 
sumer premise equipment (CPE) unit, that is connected via 
an Ethernet interface to a personal computer or local area 

network, and a base station unit that is connected via an 
Ethernet interface to a network. As such, the CPE unit is 
preferably easily user-installed While the base station unit is 
preferably tower-mounted Within a 1-5 mile range of the 
CPE unit. Both the CPE unit and base station unit preferably 
incorporate an integrated data transceiver/switch that 
enables a radio frequency air link operating in the 2.5-2.686 
GHZ range. Orthogonal frequency division multiplexing is 
used in the uplink and doWnlink transmissions betWeen CPE 
units and base station units. 
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FIXED OFDM WIRELESS MAN UTILIZING CPE 
HAVING INTERNAL ANTENNA 

CLAIM TO PRIORITY 

[0001] The present application claims priority to the co 
pending US. Provisional Patent Application having Appli 
cation No. 60/161,107, ?led Oct. 22, 1999 and entitled 
“Fixed Wireless Access System.” The identi?ed provisional 
application is hereby incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the ?eld 
of Wireless data communication systems. More speci?cally, 
the present invention relates to a ?xed Wireless metropolitan 
area netWork (MAN) that uses orthogonal frequency divi 
sion multiplexing (OFDM) carrier access modulation con 
?gured to alloW the consumer premise equipment (CPE) to 
utiliZe an antenna deployed internally Within the consumer’s 
premise, instead of requiring an externally accessible 
antenna that has a line of sight transmission path to a base 
station. 

BACKGROUND OF THE INVENTION 

[0003] Wireless data communication systems that utiliZe 
radio frequency (RF) signals to transmit and receive data are 
Well knoWn. Generally, Wireless data communication tech 
nology has been applied to high performance long-distance 
communication systems such as satellite communications or 
microWave toWer telecommunications, or to short-distance 
local area netWork (LAN) communication systems, such as 
a Wireless LAN Within a home or of?ce environment. In the 
case of long-distance communication systems, a point-to 
point antenna system is required and there must be a 
line-of-sight transmission path betWeen the transmitter and 
the receiver. In the case of short-distance Wireless LAN 
communication, an omni-directional antenna system can be 
utiliZed and a line-of-sight transmission path is not required 
because the distances are generally less than a mile. The 
reason for this difference is due to the fact that RF signals 
lose poWer rapidly over longer distances or When transmit 
ting through obstacles such as buildings or Walls. 

[0004] A metropolitan area netWork (MAN) is a netWork 
that can communicate over medium-range distances of 
betWeen about 1 to 40 miles as Would be typically found in 
providing coverage over an entire metropolitan area. Digital 
subscriber loops (DSL) services are a good example of a 
Wire-based MAN system that utiliZes telephone Wires as the 
communication medium. Cable modem systems are another 
example of a Wire-based MAN system that utiliZes coaxial 
cable as the communication medium. One of the primary 
advantages of a MAN system is that it alloWs for higher 
speed data communications as compared to conventional 
telephone modem speeds. The primary problem With such 
Wire-based MAN systems is the cost of installing and 
maintaining the high-quality telephone or coaxial cable 
communication medium. A ?xed Wireless MAN system has 
the obvious advantage of eliminating the costs associated 
With installing and maintaining a Wire based communication 
medium. 

[0005] Another advantage of a ?xed Wireless MAN sys 
tem is that the Wireless communication medium can be 
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designed to provide for higher data communications speeds 
than conventional Wire-based MAN systems. This advan 
tage has caused the ?xed Wireless MAN systems that have 
been deployed to date to be designed for ultra high perfor 
mance and relatively expensive dedicated netWorks. The 
market for these ?xed Wireless MAN systems has been a 
small number of customers Who have high-speed data com 
munication needs that can justify the expense and compli 
cated installation of such systems on an individual basis. As 
a result of the limited customer base and the need for ultra 
high performance, the designs of existing ?xed Wireless 
MAN systems have developed more along the lines of high 
performance long distance Wireless communication sys 
tems. 

[0006] While there are many factors to consider When 
designing RF communication systems, some of the more 
important factors to be considered in designing a ?xed 
Wireless MAN system are the assigned frequency, signal 
modulation and carrier access modulation. Assigned fre 
quency refers to the range of frequencies or oscillations of 
the radio signal that are available to be used by the system. 
An example is the assigned band for AM radio signals Which 
operate betWeen 500 KHZ and 1600 KHZ. Signal modulation 
refers to the Way in Which information or data is encoded in 
the RF signal. An example is the difference betWeen ampli 
tude modulation radio signals and frequency modu 
lation (FM) radio signals. Carrier access modulation refers 
to the Way in Which the assigned carrier frequencies are used 
to carry the RF signal. An example is the difference betWeen 
using a single Wide channel or multiple narroW channels 
over the same assigned frequency bandWidth. 

[0007] For purposes of this invention, the design of a ?xed 
Wireless MAN system is focused on frequency ranges less 
than 10 GHZ. Other medium-distance Wireless communica 
tion systems have been developed, such as the local multi 
point distribution system (LMDS) that operate at much 
higher frequency ranges, such as 28 GHZ to 31 GHZ. These 
higher frequencies are subject to different technical concerns 
and require larger external antenna systems that provide 
line-of-sight transmission paths from the top of one building 
to another. 

[0008] Because of the desire for higher data speeds, all of 
the existing ?xed Wireless MAN systems have utiliZed more 
complicated schemes for signal modulation. To support 
faster speed doWnstream transmissions, these systems typi 
cally use a 16-bit quadrature amplitude modulation (QAM) 
or 64-bit QAM to transmit doWnstream from the base station 
to the CPE at a data rate of at least 10 Mbps. 

[0009] Unlike the many ?xed Wireless LAN systems that 
have been developed for short-distance communications and 
use a spread spectrum form of carrier access modulation that 
spreads one signal across the assigned frequency bandWidth, 
the relatively feW ?xed Wireless MAN systems that have 
been developed to date have utiliZed multi-carrier modula 
tion as their carrier access modulation. In multi-carrier 
modulation, the signal is divided into several parallel data 
streams and these parallel data streams are simultaneously 
sent along different sloWer speed channels and then reas 
sembled at the receiver to produce a higher effective trans 
mission rate. The multi-carrier modulation scheme that has 
been designated by the IEEE standards committee to be used 
as the extension to the 802.11 Wireless LAN standard for 
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high-speed Wireless data communications is known as 
orthogonal frequency division multiplexing (OFDM). The 
OFDM modulation scheme makes for a more ef?cient use of 
the assigned bandWidth and improves the ability to receive 
higher speed transmissions. 

[0010] All of these more complicated modulation schemes 
for the existing ?xed Wireless MAN systems generally 
require more expensive equipment and more transmission 
poWer at each base station. To capitaliZe on the increased 
investment associated With each base station, existing ?xed 
Wireless MAN systems have been designed to minimiZe the 
number of base stations required to provide coverage for a 
given area. The radius of a typical coverage area for existing 
Wireless man systems ranges betWeen 10 to 30 miles. 

[0011] Larger coverage areas are also used to minimiZe the 
need to reuse the same frequency channels in adjacent 
coverage areas. Because higher transmission poWers are 
used to transmit at the higher data rates in all of the existing 
?xed Wireless MAN systems, the higher poWer signals 
prevent the reuse of the same frequency channels in adjacent 
coverage areas and can even preclude the reuse of the same 
frequency channels at distances up to three to ?ve times the 
radius of the coverage area. Consequently, larger coverage 
areas reduce the impact of problems caused by the inability 
to reuse frequencies in adjacent coverage areas. 

[0012] The most signi?cant disadvantage of larger siZes 
for the coverage area for each base station is the greater 
potential for signal loss or attenuation betWeen the base 
station and the CPE. To counteract this potential signal loss 
over the larger distances and to improve reception at the 
higher poWer, higher transmission speeds, all of the existing 
?xed Wireless MAN systems utiliZe a point-to-point antenna 
system that requires a line-of-sight transmission path 
betWeen the base station and an externally accessible 
antenna that is connected to the CPE. For example, see the 
prior art ?xed Wireless MAN system con?guration of FIG. 
1 Wherein the CPE Within a single-user environment, e.g., a 
home, is connected to an antenna that is to the exterior of the 
single-user environment and Where Within a multi-user 
environment, e.g., a small of?ce, each CPE is connected to 
its oWn antenna that is located exterior to the multi-user 
environment. 

[0013] Given the relatively limited customer base and the 
need for all ultra high-performance that has dictated the 
development of existing ?xed Wireless MAN systems, the 
use of externally accessible antenna that provide a line-of 
sight transmission path is both necessary and understand 
able. It Will be desirable, hoWever, to provide for a ?xed 
Wireless MAN system that does not require the use of an 
externally accessible antenna and could be more broadly 
deployed to provide higher data speeds more effectively to 
a larger number of consumers. 

SUMMARY OF THE INVENTION 

[0014] The needs described above are in large measure 
met by a ?xed OFDM Wireless MAN system of the present 
invention. The ?xed Wireless access system generally com 
prises a consumer premise equipment (CPE) unit that is 
connected via an Ethernet interface to a small of?ce/home 
of?ce personal computer or local area netWork, and a base 
station unit that is connected via an Ethernet interface to a 
netWork. The CPE unit is located in a premise for the home 
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or small of?ce, has an antenna that is deployed internally 
Within that premise and is easily user-installed. The base 
station unit is preferably toWer-mounted Within a 1-5 mile 
range of the CPE unit. The CPE unit preferably incorporates 
an internal, integrated data transceiver/sWitch that alloWs it 
to receive a digital signal from a computer or netWork, 
transform that signal to an analog format, and transmit the 
analog signal via radio frequency technology, preferably 
operating in the 2.5-2.686 GHZ range, to a base station unit. 
The base station unit preferably incorporates an integrated 
data transceiver/sWitch. Upon receiving the signal, the base 
station unit transforms the analog signal back to a digital 
signal and passes that signal through the Ethernet connection 
to the personal computer, LAN, and/or netWork. Orthogonal 
frequency division multiplexing is used in the uplink and 
doWnlink transmissions betWeen CPE units and base station 
units. 

[0015] The ?xed Wireless access system transmits utiliZ 
ing OFDM signals that incorporate OFDM symbols. The 
OFDM symbols are presented Without a training symbol and 
are detected in a symbol-by-symbol manner. 

[0016] The ?xed Wireless access system utiliZes a framed 
doWnlink transmission and an unframed uplink transmis 
sion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 provides an overvieW of a prior art ?xed 
Wireless MAN system utiliZing external antennas. 

[0018] FIG. 2 provides an overvieW of a ?xed OFDM 
Wireless MAN system of the present invention utiliZing 
internal antennas. 

[0019] FIG. 3 depicts an overvieW of a single sector set-up 
Within a cell of a ?xed Wireless access system of the present 
invention. 

[0020] FIG. 4 depicts a cellular system of the present 
invention. 

[0021] FIG. 5 depicts a standard, prior cellular re-use 
pattern. 

[0022] FIG. 6 depicts a prior art cellular re-use pattern 
utiliZing TDMA. 

[0023] FIG. 7 depicts the preferred cellular re-use pattern 
of the present invention. 

[0024] FIG. 8 depicts the layout of the uplink and doWn 
link transmission slots used With the system of the present 
invention as Well as the layout of the message packets 
contained Within the slots. 

[0025] FIG. 9 depicts, in block diagram format, the pro 
cessing of a bit stream of a data package that is transmitted 
or received by radio frequency Within the ?xed Wireless 
access system of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] An overvieW of a ?xed OFDM Wireless metropoli 
tan area netWork (MAN) With computer premise equipment 
(CPE) utiliZing internal antennas of the present invention is 
shoWn in FIG. 2. As depicted, the ?xed Wireless access 
system 10 of the present invention may be con?gured for a 
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single-user environment or a multi-user environment, e.g., a 
local area network. System 10 operates to transfer data from 
and to users of system 10 through use of high-reliability 
radio transmission technology. System 10 is especially 
applicable to the residential and small of?ce/home office 
(SOHO) markets. 

[0027] Referring noW to FIG. 3, an overvieW of a single 
sector set-up Within a cell of ?xed Wireless access system 10 
is shoWn. As shoWn in FIG. 3, system 10 generally com 
prises one or more hosts, e.g., one or more host computers 
12 and/or one or more local area netWork servers 13, Which 
are connected to one or more customer premise equipment 
(CPE) units 14 via an Ethernet connection 16. Each CPE 
unit 14 communicates With one or more base station units 18 
Within system 10 via radio frequency. Each base station unit 
18 is connected via an Ethernet interface 19 to one or more 

of various types of netWorks 19, or sWitching fabrics, e.g., 
asynchronous transfer modes (ATM). 

[0028] I. System Components, Component Distribution 
and Component Recognition 

[0029] Each CPE unit 14 incorporates hardWare necessary 
to implement Ethernet communication With a user’s per 
sonal computer 12 or LAN server, as Well as radio frequency 
communication With base station units 18. That hardWare is 
preferably implemented, at least in part, by use of ?eld 
programmable gate array (FPGA) technology, or ASIC 
technology, and is preferably designed for a maximum 
poWer consumption of approximately 10 Watts. More spe 
ci?cally, each CPE unit 14 preferably incorporates an inte 
grated data transceiver/sWitch and one or more Ethernet 
connectors, e.g., 10Base-T R145 connector (10BASE-T is a 
transmission medium speci?ed by IEEE 802.3 that carries 
information at rates up to 10 Mbps in baseband form using 
tWisted pair conductors, also called unshielded tWisted pair 
(UTP) Wire). With respect to the integrated data transceiver/ 
sWitch, it should be noted that individual components may 
be used Without departing from the spirit or scope of the 
invention. 

[0030] For ease of CPE unit 14 installation, the integrated 
data transceiver/sWitch preferably incorporates an integral 
directional antenna that alloWs CPE unit 14 to be installed by 
a customer near an associated host computer 12 and Within 
the customer’s premise. The use of a standard Ethernet 
connector 22 further enhances the ease of installation of 
CPE unit 14 and alloWs CPE unit 14 to easily be user 
installed for communication With their host computer 12 or 
local area netWork server 13. CPE unit 14 is preferably of a 
siZe and shape so that it may be positioned and/or mounted 
atop a desk, Which again adds to the ease of a user instal 
lation. 

[0031] Base station unit 18 incorporates hardWare neces 
sary to implement Ethernet communication With one or 
more of various types of netWorks 19, or sWitching fabrics, 
e.g., asynchronous transfer modes (ATM), as Well as radio 
frequency communication With CPE units 14. That hardWare 
is preferably implemented, at least in part, by use of FPGA 
technology or ASIC technology and is preferably designed 
for a maximum poWer consumption of approximately 100 
Watts. More speci?cally, each base station unit 18, similar to 
each CPE unit 14, preferably incorporates an integrated data 
transceiver/sWitch and one or more Ethernet connectors, 
e.g., 10Base-T R145 connector. With respect to the inte 
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grated data transceiver/sWitch, it should be noted that indi 
vidual components may be used Without departing from the 
spirit or scope of the invention. Base station unit 18 is 
preferably additionally equipped With a global positioning 
system (GPS) receiver to provide a time reference, for 
system resolution and accuracy. A GPS time pulse is pref 
erably used by system 10 to provide synchroniZation over 
the geographically distributed base station units 18 to avoid 
interference betWeen base station units 18. With respect to 
the integrated data transceiver/sWitch, it should be noted that 
individual components may be used Without departing from 
the spirit or scope of the invention. 

[0032] As per FIG. 3, base station unit 18 is preferably 
toWer-mounted to facilitate an expanded, non line-of-sight 
communication radius. The high system gain provided by 
the transmit levels, antenna gains, and receiver sensitivity 
alloW for non line-of-sight operation of base station unit 18. 
If base station unit 18 is mounted at the bottom of the toWer, 
an extended length of coaxial cable is required betWeen base 
station unit 18 and its antenna. The longer coaxial cable run 
produces more loss in the system gain and Will reduce the 
operational distance for a given level of non line-of-sight 
coverage. 

[0033] Each base station unit 18 is positioned per a 
distributed cellular system 30, see FIG. 4, Wherein each cell 
32 preferably includes one or more sectors 34, and each 
sector 34 preferably includes one base station unit 18. FIG. 
4 is a diagram of an exemplary distributed cellular system 30 
Wherein each cell 32 has six sectors 34. Each cell 32 
preferably has a communication radius of approximately 1 
to 5 miles, With a typical radius of 3 miles. HoWever, the use 
of a cellular, sectoriZed base station unit 18 deployment does 
not restrict the use of a single omni-directional base station 
unit 18. More speci?cally, it is not necessary to have a cell 
With multiple sectors to operate as a single cell operation. In 
the instance of a small geographic area, e.g., less than a three 
mile radius, Where the potential user base is loW and a single 
base station unit 18 could meet the data throughput capacity, 
a single base station could be installed With a high gain 
omni-directional antenna. 

[0034] Once each CPE unit 14 and each base station unit 
18 have been properly installed, each is capable of trans 
mitting and receiving communication signals to and/or from 
each other. In the most basic of terms, the combined effect 
of radio frequency communication betWeen CPE unit 14 and 
base station unit 18 is that of a standard Ethernet sWitch, 
With certain added enhancements. For example, radio fre 
quency communication is facilitated betWeen units 14 and 
18 due to the fact that each CPE unit 14 and each base station 
unit 18 has been assigned a unique address, similar to an 
Ethernet sWitching system. Further, the radio frequency 
communication betWeen units 14 and 18 preferably occurs 
in the form of a data packet Which includes a source and/or 
destination address indicating Which CPE unit 14 or base 
station unit 18 the communication signal is from and/or to, 
respectively, Which again is similar to an Ethernet sWitching 
system. Broadcast traf?c, e.g., traf?c sent to all units Within 
system 10, may also be communicated betWeen base station 
units 18 and CPE units 14, similar to an Ethernet sWitching 
system. 

[0035] Thus, just as an Ethernet sWitch enhances the 
operation of an Ethernet system, the sWitching con?guration 
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provided by CPE unit 14 and base station unit 18 operates 
to increase the performance of system 10 by allowing only 
essential traf?c to travel between CPE units 14 and base 
station units 18; data packets are ?ltered or forwarded based 
upon their source and/or destination addresses without inter 
vention by intermediate base station units 18, i.e., distributed 
switching. Further, like an Ethernet system, CPE unit 14 and 
base station unit 18 preferably implement dynamic host 
control protocol (DHCP), a protocol that is observed by CPE 
unit 14 and base station unit 18 to dynamically discover the 
low level physical network hardware address that corre 
sponds to the high level internet protocol (IP) address of host 
computers 12 attached to a CPE unit 14. 

[0036] More speci?cally, when a CPE unit ?rst comes 
on-line, it begins to monitor for base station unit 18 signals 
through use of its transceiver. When CPE unit 14 detects a 
base station unit 18 signal of suf?cient quality, CPE unit 14 
registers with base station unit 18. Base station unit 18 uses 
an authentication server within network 20 to determine if 
CPE unit 14 is allowed and to determine how many host 
computers 12 may be attached to CPE unit 14. Base station 
unit 18 then either denies or acknowledges CPE unit 14 with 
the allowed number of host computers 12. Upon becoming 
registered with one of base station units 18, CPE unit 14 
enters a learning phase whereby CPE unit 14 operates to 
learn the level 3 address and Ethernet physical layer address 
by observing traf?c. The traffic observed is that of one of 
host computers 12 requesting a level 3 address from a server 
on the data communications network, i.e., LAN 13, and that 
of the response of the server, which is preferably in DHCP. 

[0037] Upon observing traf?c, CPE unit 14 creates a table 
of the attached host computer(s) level 3, IP address and the 
associated Ethernet low level physical network hardware 
address. In creating this table, CPE unit 14 is able to ensure 
that it will not transmit messages over the air link to base 
station unit 18 that have a level 3 address destination that 
corresponds to a host computer 12 that is already attached to 
CPE unit 14 via LAN 13 interface. Similar to CPE unit 14, 
base station unit 18 operates to observe traf?c and create a 
table of the host computer(s) level 3, IP address, the asso 
ciated Ethernet low level physical network hardware 
address, and the associated over-the-air hardware address of 
CPE unit 14. In creating this table base station unit 18 is able 
to ensure that that it will not transmit messages over the air 
link when the message includes a level 3 address destination 
that is not in the address table of base station unit 18. 

[0038] Further, like an Ethernet system, CPE unit 14 and 
base station unit 18 preferably implement address resolution 
protocol (ARP), a protocol that is used by end devices, host 
computers and other computers attached to the network, to 
dynamically discover the Ethernet low level physical net 
work hardware address of an attached host computer 12 that 
corresponds to the associated IP address of the said host 
computer 12. 

[0039] However, unlike standard Ethernet systems, ?Xed 
wireless access system 10 provides for ARP proXy wherein 
one of base station units 18 may answer ARP requests 
intended for a host computer 12 attached to a CPE unit 14. 
By acting on behalf of a CPE unit 14, the intercepting base 
station unit 18 accepts responsibility for the routed data 
packet and may respond thereto, e.g., base station unit 18 
may pass back the actual Ethernet MAC address of CPE unit 
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14. Of course, other and/or additional proXy protocols may 
be used without departing from the spirit or scope of the 
invention. By using ARP and ARP proXy, channel capacity 
may be conserved and the ef?ciency of system 10 increased, 
i.e., broadcast traf?c over the air is reduced. Additionally, 
CPE unit 14 observes data traf?c of the host computer(s) 12 
that are attached to CPE unit 14. If the traf?c is destined to 
another host computer 12 that is also attached to CPE unit 
14, then CPE unit 14 does not transmit that traf?c to base 
station unit 18, therefore channel capacity may be conserved 
and the ef?ciency of system 10 increased. 

[0040] CPE unit 14 preferably incorporates a roaming 
function allowing the CPE unit 14 to be moved from a 
premise within the range of one base station unit 18 to a 
premise within the range of another, or to switch base 
stations 18 if one should go off the air. CPE unit 14 monitors 
the quality of all base station unit 18 signals and registers 
with a different base station unit 18 when the signal of the 
current base station unit 18 degrades below that of another 
base station unit 18. As with the original base station unit 18, 
when a change occurs CPE unit 14 registers with the new 
base station unit 18 and, additionally, passes the level 3 
address and Ethernet physical layer address table of those 
host computers 12 connected to CPE unit 14 to the new base 
station unit 18 to enable proper synchroniZation of the tables 
between CPE unit and the new base station unit 18. The new 
base station 18 then performs gratuitous ARPs to cause table 
updating of the former base station unit 18 in order to speed 
the process of the base station units 18 properly switching 
traffic to CPE unit 14 for its associated host computers 12. 

[0041] Moreover, a host computer 12 can be disconnected 
from one CPE unit 14 and connected to a different CPE unit 
14. The new CPE unit 14 is then able to observe, via traf?c, 
that another host computer 12 is active on its LAN 13 
interface. The new CPE unit 14 then performs a registration 
with the added host computer 12 adding the level 3 address 
and Ethernet physical layer address of the added host 
computer 12 to its table. The base station unit 18 associated 
with the new CPE unit 14 then recogniZes that a new host 
computer 12 has been added and operates to create a new 
entry in the base station unit address table for the new host 
computer 12. Base station unit 18 additionally performs a 
gratuitous ARP to update other base station units 18. 

[0042] 
[0043] Fixed wireless access system 10 preferably oper 
ates in the 2.5-2.686 GHZ instructional television ?Xed 
service/multipoint distribution service (ITFS/MDS) fre 
quency range. The FCC licenses these frequencies as 31 
channels, each with a 6 MHZ bandwidth for two-way digital 
communication. In a recent order, the FCC has determined 
that channel licensees will be issued a blanket license 
thereby eliminating the need for each user to register their 
CPE unit 14 and eliminating the need for each base station 
unit 18 to be individually registered. 

[0044] As indicated above, system 10 is preferably a 
cellular system 30 wherein each cell 32 in the system is 
divided into one or more sectors 34. One 6 MHZ channel 

may be used to support a complete system by using a 
combination of cellular frequency reuse and a time division 
multipleX method. Alternatively, more than one 6 MHZ 
channel may be used; adding more channels increases 
system 10 capacity for radio frequency communication 
capacity and throughput. 

II. System Data Transmission 
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[0045] Apreferred system 10, as shown in FIG. 4, utilizes 
a cellular system 30 Wherein each cell 32 is divided into six 
sectors 34 and provided With six channels such that a sector 
34 may use a channel all the time. In this preferred con 
?guration, system 10 provides a 1:1 reuse pattern, a trans 
mission rate of 9 Mbps per sector (54 Mbps per cell), and a 
data throughput rate of 3 Mbps per sector (18 Mbps per cell). 
Preferred system 10 is able to support approximately 300 
simultaneous active users per sector (1800 per cell) and 
approximately 1000-1500 subscribers per sector (6000-9000 
per cell). At a minimum system 10 is designed to support at 
least 250 simultaneous active users per sector. 

[0046] Prior art Wireless systems generally require at least 
one ring of cells of separation for reuse of a frequency. For 
example, refer to prior art FIG. 5 Wherein there are three 
frequencies being used Within cells 32, as indicated by the 
three different shadings. In the con?guration of FIG. 5, the 
cellular system operates to separate each cell that shares the 
same channel set by at least one cell 32 in order to minimiZe 
interference While letting the same frequencies be used in 
another part of the system. In another prior art, Wireless 
system time division multiple access (TDMA) is used to 
diminish frequency interference among cells. For example, 
refer to prior art FIG. 6 Where each cell 32 is divided into 
sectors 34, each sector 34 having its oWn frequency channel, 
the channels being repeated in the next proximate cell 32. To 
enable this frequency reuse, TDMA is used to give each user 
a unique time slot Within the channel. As such, in the bottom 
cell 32, sector 1, a user transmits according to the indicated 
stepped time signal, in the adjacent right cell 32, a user 
transmits according to the indicated stepped time signal, i.e., 
after the bottom cell 32 transmits, and in the adjacent top cell 
32, a user transmits according to the indicated stepped time 
signal, i.e., after the adjacent right cell 32 transmits, and so 
on, so that each sector 1 in each cell transmits at a different 
time. HoWever, according to the present invention through 
the use of quadrature phase-shift keying (QPSK) and the 
decreased diameter of each cell, described further beloW, 
neither a separation of cells 32 nor inter-cell TDMA is 
required, see FIG. 7. 

[0047] In alternative embodiments of the present inven 
tion, each cell 32 may be provided With three sectors 34 
Whereby the time division multiplex method used Within that 
cell is based on a tWo cell pattern (six sectors). When the tWo 
cell pattern is provided With a single 6 MHZ channel, 
transmission occurs one-sixth of the time in each sector, 
When the tWo cell pattern is provided With tWo 6 MHZ 
channels, transmission occurs one-third of the time in each 
sector and, When the tWo cell pattern is provided With three 
6 MhZ channels, transmission occurs one-half the time. 
Changing cell and sector patterns, of course, has an affect on 
transmission rates, data throughput rates, and the number of 
users that may be supported by system 10. HoWever, the 
ability to time share, e.g., 1:1, 1:2, 1:3, 1:4, 1:6, etc., alloWs 
deployment of a system 10 With a loW number of frequencies 
for a given area to be covered. It should be noted that other 
cell, sector and channel con?gurations may be used Within 
system 10 Without departing from the spirit or scope of the 
invention. HoWever, it should also be noted that increasing 
the number of sectors increases the overall cost of base 
station unit 18 by increasing the number of separate anten 
nas that are then required for each base station unit 18. 
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[0048] Regardless of the exact cellular layout and intra 
cell time division multiplex duty cycle, each sector 34 
preferably uses its provided channel for data packet trans 
missions for increments of times called frames. System 10 
preferably uses time division duplex (TDD) to support 
tWo-Way communication in each sector 34. Each frame is 
divided into tWo main parts, a doWnlink transmission time 
and an uplink transmission time. The doWnlink transmission 
time preferably alloWs for base unit 18 to transmit in one of 
a plurality of doWnlink channel slots 100, see FIG. 8. 
Likewise, the uplink transmission time preferably alloWs for 
CPE units 14 to transmit in one of a plurality of uplink 
channel slots 102. There is preferably a variable ratio of 
doWnlink channel slots 100 to uplink channel slots 102 to 
alloW for adaptation of system data throughput rates of the 
given type of communication traf?c. The ratio is a preferably 
a con?gurable parameter but may be changed during opera 
tion Without departing from the spirit or scope of the 
invention. 

[0049] Each doWnlink and uplink channel slot preferably 
contains the transmission of a single OFDM signal that 
contains a packet of data (OFDM is preferred to digital 
spread spectrum as digital spread spectrum does not provide 
enough poWer for each symbol that is transmitted over the 
entire frequency; increasing the poWer to support for longer 
transmission distances results in a splattering of the poWer of 
the signal beyond the assigned bandWidth). The timing of 
total frame duration is preferably con?gurable to a preferred 
standard time length. HoWever, the duration of each frame 
may vary in length from one frame to the next and may vary 
betWeen cells and sectors. Note that to provide signaling and 
a time/frequency reference for uplink operation, the doWn 
link of a given sector 34 preferably transmits for the duration 
of the doWnlink transmission time, even if there is no data 
to be sent on the doWnlink for a given frame or portion of 
a frame. 

[0050] Referring to FIG. 8, each doWnlink transmission 
preferably contains a doWnlink message packet 104, com 
prising a continuous byte stream that has been generated by 
host computer 12 or netWork 19. Each byte stream begins 
and ends With a ?ag 106, e.g., 1 or 2 bytes, to mark the 
beginning and ending of the message packet. In betWeen 
?ags 106, each byte stream preferably includes a 4 byte 
destination address 108, a 2 byte length/type ?eld 110, up to 
2 k of data bytes 112, and a 4 byte cyclic redundancy code 
(CRC) 114, Which covers the address ?eld 108, the length/ 
type ?eld 110, and the data 112. 

[0051] Additionally, the doWnlink transmission portion is 
framed using an air link MAC protocol and preferably 
contains a frame header ?eld 116 and a plurality of 
uplink channel status ?elds (UCS) 118, the UCS ?elds 118 
appearing at intervals of one doWnlink slot time in the 
doWnlink transmission. In addition, each doWnlink OFDM 
symbol begins With an eight-bit symbol sequence ?ag (SSF) 
119, Which indicates if a doWnlink symbol contains a frame 
header ?eld 116. As such, each OFDM symbol contains a 
packet of data and detection aiding information suf?cient to 
demodulate the symbol; distinct OFDM symbols containing 
knoWn, ?xed information for training, i.e., data that is 
embedded in the symbol to alloW the receiver to acquire and 
lock on to a transmission, is not utiliZed. 

[0052] Frame header ?eld 116 contains the over-the-air 
address of base station unit 18 and other information that is 



US 2005/0171995 A1 

speci?c to the given base station unit 18 for overall operation 
of base station unit and CPE unit(s) 14 that are using the 
given base station unit 18. The preferred con?guration of 
frame header ?eld 116 provides for a total of eight bytes 
including: (1) several ?ags (1 bit each) for the start of a 
super-frame, the end of a super-frame, and idle symbol; (2) 
system identi?er, 4 bits; (3) transmit poWer level, 4 bits; (4) 
sector/cell base station unit address, 4 bytes; (5) a bias 
number indicating the number of OFDM symbols in the 
doWnlink portion of the frame, 4 bits; (6) time division 
multiplexing re-use factor (e.g., 1:1, 1:2, 1:3, etc), 4 bits; and 
(7) cyclic redundancy code (CRC), 1 byte. 

[0053] Uplink channel status (UCS) ?eld 118 contains 
information about Whether an uplink channel slot 102 is 
being used. As such, there is a UCS ?eld 118 in each of the 
?rst “n” doWnlink OFDM symbols, Where “n” is the number 
of uplink slots in the frame. If slot 102 is being used, the 
UCS 118 contains: (1) the over-the-air address of CPE unit 
14 that is using the speci?c uplink channel slot 102; (2) 
Whether uplink channel slot 102 is reserved, and for Which 
CPE unit 14; and (3) other pertinent information for control 
of the given uplink channel slot 102. A preferred con?gu 
ration of UCS ?eld 118 provides for a total of siX bytes 
including: (1) mobile address, 4 bytes; (2) slot in use, 1 bit; 
(3) Ack, 1 bit; (4) preempt, 1 bit; (5) reserved, 2 bits; (6) 
Quality of Service (QoS), 3 bits; and (7) cyclic redundancy 
code (CRC), 1 byte. 

[0054] The mobile address of UCS ?eld 118 generally 
refers to the CPE unit 14 that used the given slot 102 in the 
preceding frame. HoWever, it may refer to a CPE unit 14 that 
Will use slot 102 in the uplink transmit portion of the 
current/next frame but may not have used slot 102 previ 
ously. “Slot in use” refers to Whether the given slot 102 Will 
be available for random access in the CPE unit 14 transmit 
portion of the current frame. “Ack” refers to the results of 
the uplink transmission in the given slot 102 in the preceding 
frame. A CPE unit 14 must retransmit any incorrect block 
before transmitting a neW block. “Preempt” means slot 102 
is reserved for a “new” CPE unit 14 in the CPE unit transmit 
portion of the neXt frame. The “reserve” bits are not used. 
“Quality of Service” (QoS) refers to priority of slot 102 in 
the CPE unit transmit portion of the current frame, i.e., only 
users of speci?ed or higher priority Will be alloWed to 
transmit random access bursts in the given slot 102 in the 
uplink transmit portion of the current frame. The CRC is the 
same polynomial that is used in the frame header ?eld 116 
and covers all of the other ?elds in the UCS ?eld 118. 

[0055] The doWnlink provides media access control 
(MAC) by CPE unit(s) 14 for transmission on the uplink via 
UCS ?eld 118. The MAC provided by the doWnlink pref 
erably uses airlink MAC protocol. This MAC preferably acts 
as a slotted-aloha media access, providing users With on 
demand access to the airlink betWeen CPE unit 14 and base 
station unit 18, With implicit additional slot reservation for 
eXtended message transmission from a CPE unit 14. Quality 
of service (QoS) is preferably provided in UCS ?elds 118 to 
control the services that are alloWed access. 

[0056] The byte stream is conditioned for transmission by 
CPE unit 14 or base station unit 18 per the loWer level of the 
block diagram in FIG. 9. As shoWn, the byte stream is ?rst 
subjected to forWard error correction coding, as provided by 
a Reed/Solomon block encoder 40, and a convolutional 
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encoder 42. Reed/Solomon block encoder 40 operates to add 
bytes of Reed/Solomon parity, e.g., ten bytes of parity, to the 
byte stream in Which a certain number of byte errors, e.g., 
?ve byte errors, can be corrected. After Reed/Solomon block 
encoder 40, the byte stream is applied in serial bit stream 
fashion to convolution encoder 42. Convolutional encoder 
42 is preferably a half-rate convolutional encoder that oper 
ates to add redundancy to the bit stream. Note the Reed/ 
Solomon code Word is preferably input to convolutional 
encoder 42 With a constraint length of 7, a depth of 35, and 
a code rate of 0.5. Of course, other constraint lengths and 
code rates may be used Without departing from the spirit or 
scope of the invention. 

[0057] In the preferred embodiment, the byte stream is 
coded With the Reed/Solomon block encoder 40 and 1/z-rate 
convolutional encoder 42 to use 672 carriers. More speci? 
cally, these 672 carriers, Which carry data information, are 
modulated With tWo bits providing 1344 bits of data that are 
transmitted per symbol. These 1344 bits of data are 1/z-rate 
convolutional encoded for random errors leaving 672 bits of 
data When received and convolution decoded by the 
receiver. The 672 bits comprise 84 bytes of data that are 
separated into 74 bytes of payload data to be transferred and 
10 bytes of error correction using Reed/Solomon encoding. 
When the 84 bytes of data are received, Reed/Solomon 
decoding error correction is performed (as described beloW) 
to correct up to ?ve bytes of data that may be in error, Which 
corrects for burst errors that are received. 

[0058] The bit stream leaving convolutional encoder 42 is 
provided to a signal mapper 44 Which is preferably com 
prised of interleaver block 46 and “bits to QPSK symbols” 
block 48. Signal mapper 44 operates to interleave the output 
bits from convolutional encoder With a speci?c span and 
depth, e.g., 32 and 42, respectively. The bit values of 1/0 are 
then coded to —1/1 and unmodulated dibits, e.g., three 
unmodulated dibits (0,0), are then inserted at the center of 
the bit sequence to form a total sequence of 675 information 
dibits, each of Which modulates a quadrature phase-shift 
keying (QPSK) subsymbol. The nulling out, or not modu 
lating, of the center three carriers removes the need to 
preserve DC and loW frequency content in the modulated 
signal, Which case the design constraints and implementa 
tion of a transmitter and receiver. 

[0059] The use of QPSK modulation on the information 
carriers alloWs for an optimiZed cellular system. More 
speci?cally, the use of QPSK modulation on the carriers 
provides for an optimum carrier-to-interference ratio for a 
given data throughput rate. This optimum carrier-to-inter 
ference ratio alloWs for a cellular style of deployment that 
uses a 1:1 frequency reuse pattern. This alloWs each cell to 
use the same siX frequencies in a siX-sectored cell. Higher 
orders of modulation require a larger carrier-to-interference 
ratio therefore requiring more, i.e., three times or more, 
frequencies than a QPSK modulated system. 

[0060] To further eXplain, reference is made to FIG. 10 
Which is a diagram that shoWs the interference for a 1:1 
repeating pattern of a cell that has siX 60° sectors With a 30° 
offset, Wherein the distance of 1 is referenced to a verteX of 
a sector, R. In this diagram, site X is the main transmitting 
site. The subscribers that Would be interfered With are A, B, 
and C. The sites that Would interfere Would be T and U. The 
cells beloW and to the right of T and U Would also add to the 
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interference but to a much lesser degree than T and U. The 
levels of interference then, are as follows (A I/R4 propaga 
tion loss factor is used for the folloWing analysis): 

[0061] 1. “A” Would be interfered by T and U. The level 
of interference is approximately —14.84 dB. 

[0062] 2. “B” Would be interfered by T and U. The level 
of interference is approximately —14.84 dB. 

[0063] 3. “C” Would be interfered by T and U. The level 
of interference is approximately —13.9 dB. 

[0064] An additional 2 to 4 dB of protection is available 
When the radiating patterns of the directional antennas are 
taken into account. 

[0065] The signaling of OFDM using QPSK requires only 
5 dB of SNR (signal-to-noise ratio) protection to achieve a 
10'6 bit error rate (BER). The six sector cell provides at least 
an additional 8 dB of interference protection. Higher order 
modulations require a higher SNR compared to QPSK for 
the same symbol error rate. The folloWing table shoWs the 
level of modulation and the additional protection required 
for the higher level modulations relative to QPSK. 

Bits/ Transmission Added Protection 
Modulation sec/HZ Rate Required Reuse Eff 

BPSK 1 2.5 Mbps 0.0 dB 1:1 0.50 
QPSK 2 5 Mbps 0.0 dB 1:1 1.00 
16 QAM 4 10 Mbps 7.0 dB 3:1 0.66 
64 QAM 6 15 Mbps 13.2 dB 5:1 0.60 

256 QAM 8 20 Mbps 19.3 dB 7:1 0.57 

[0066] The transmission rate is an example of a transmis 
sion rate for comparison betWeen the modulations. The 
added protection is the additional amount of SNR required 
for the higher modulation to achieve the same symbol rate 
error as the QPSK. This added protection holds true for the 
interference from co-channel sites. The added protection 
levels that are required are close or exceed the available 
margin from a six sector 1:1 cellular pattern as described 
previously. The reuse factor is the number of channel sets 
that are required to create a reuse pattern that is capable of 
providing the required protection. The rule of thumb is that 
for every doubling of order of modulation, there is an 
increase of 3 dB needed for additional protection. This 
increase of 3 dB in poWer translates into an increase in 
propagation distance that results in the inability to achieve a 
one-to-one frequency reuse ratio betWeen adjacent cells. 

[0067] An ef?ciency factor can then be calculated as 
bits/sec/HZ/area relative to the QPSK. The present invention 
maximiZes this ef?ciency factor to create a highly ef?cient 
cellular system for a ?xed OFDM Wireless MAN. The 
present invention recogniZes that the higher order modula 
tions have a loWer ef?ciency factor When an entire cellular 
netWork is considered. Therefore QPSK is the optimum 
modulation for a cellulariZed system that uses a minimal 
amount of spectrum over a given area in a cellular netWork. 
It should also be noted that the higher order modulations 
require signal levels for higher fading margins due to 
multi-path conditions. 

[0068] Next, continuing With the signal conditioning dis 
cussion and referring once again to FIG. 9, modulation, 
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preferably orthogonal frequency division modulation 
(OFDM) 50, is performed on the QPSK subsymbols exiting 
signal mapper 44. OFDM 50, as indicated in FIG. 9, 
preferably includes the folloWing steps. First, pilot subsym 
bols are inserted With modulating dibit value (1,1) evenly 
among the information dibits, unmodulated guard subsym 
bols are inserted at the top and bottom of the 6 MHZ channel, 
and out-of-band subsymbols are added to make a desired 
total sequence length of subsymbols, e. g., 1024 subsymbols, 
per OFDM symbol, see block 52. Next, a sign bit random 
iZer is applied to the subsymbols, see block 54. More 
speci?cally, the sequence of subsymbols is preferably mul 
tiplied by a pseudorandom noise (PRN) sequence to elimi 
nate amplitude spikes due to the nonrandom nature of the 
data+pilot+guard+out-of-band subsymbols. 

[0069] The next step in OFDM preferably comprises per 
forming an inverse fast-Fourier transform on the noW ran 
domiZed subsymbol sequence, see block 56. After comple 
tion of the transform, a cyclic pre?x/post?x is inserted at the 
start of the doWnlink symbol, see block 58. With modulation 
noW complete, the digital sequence is preferably submitted 
to a loW pass ?lter and, if necessary, interpolated to higher 
frequency rate prior to input to a digital-to-analog converter, 
see block 60. Finally, the sequence is submitted to a digital 
to-analog converter 62 and transmitted from CPE unit 14 or 
base station unit 18 via analog radio circuitry. 

[0070] OFDM operates, at least in part, to combat the 
effects, e.g., constructive and destructive interference, and 
phase shifting of the signal, of multipath. Multipath is a 
propagation phenomenon that results in radio signals reach 
ing a receiving antenna by tWo or more paths. 

[0071] Referring once again to FIG. 8, each uplink trans 
mission preferably contains an uplink message packet 120, 
comprising a continuous byte stream that has been generated 
by a computer 12 or netWork 19. Each byte stream prefer 
ably includes a 4 byte destination address 122, a 4 byte 
source address 124, a 2 byte length/type ?eld 126, 60 data 
bytes 128, and a 32 bit cyclic redundancy code (CRC) 130, 
Which covers both address ?elds 122 and 124, the length/ 
type ?eld 126, and the data 128. Note that With an uplink 
transmission, message packet 120 is not framed, as With the 
doWnlink transmission, hoWever, a ?xed number, e.g., six, of 
uplink channel slots 102 are expected. System 10 may be 
con?gured to alloW for any given CPE unit 14 to transmit in 
only one uplink channel slot 102 of a given frame. HoWever, 
system 10 may alternatively be con?gured to enable a 
plurality of uplink messages from a single CPE unit 14 to be 
processed simultaneously, up to the number of uplink slots 
102 per frame. Thus, subject to control by the MAC layer, 
an individual CPE unit 14 can increase its uplink throughput 
by using tWo or more uplink slots 102 in each frame if 
desired, up to the total number of uplink slots 102 in the 
frame. 

[0072] The byte stream is conditioned for reception by 
CPE unit 14 or base station unit 18 per the upper level of the 
block diagram in FIG. 9. As indicated, an analog signal is 
received by CPE unit 14 or base station unit 18 via analog 
radio circuitry. The analog signal is then submitted to an 
analog-to-digital converter 70. The output of analog-to 
digital converter is sampled and provided as feedback Within 
an automatic gain control loop so that the analog-to-digital 
converter is maintained in a linear operating range, see block 
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72. The output of analog-to-digital converter is also submit 
ted to “digital LPF and decimator” block 74 whereby the 
digital output is shifted into DSP preferably using ?eld 
programmable gate array (FPGA) or application speci?c 
integrated circuit (ASIC) technology, and loW pass ?ltered. 
The signal is noW in the form of an OFDM symbol. 

[0073] Operating on the OFDM symbol, the neXt step in 
completing reception is to remove the cyclic pre?X and 
post?X from the OFDM symbol, see block 76. Afast-Fourier 
transform is then performed on the received OFDM symbol, 
see block 78. A sign bit de-randomiZer is then implemented, 
see block 80. Coarse timing/coarse frequency and ?ne 
timing/?ne frequency of the OFDM symbol are provided by 
blocks 82 and 84, respectively. 

[0074] Coarse timing is preferably achieved by correlating 
the cyclical pre?X of a given OFDM symbol With the content 
of the symbol. More speci?cally, the cyclical pre?X, Which 
is a repetition of a portion of the symbol, alloWs the receiver 
to perform an auto-correlation function to determine Where 
the start of a symbol is in time Within several samples. The 
receiver is capable of symbol-by-symbol detection once the 
coarse timing has been acquired by observing several sym 
bols (these symbols are not required to be ?Xed data content, 
training symbols). Coarse frequency is preferably acquired 
by pilot correlation. More speci?cally, the receiver performs 
an auto-correlation in the frequency domain based on the 
pilots to determine the frequency of the receiver carrier. 

[0075] Fine timing of the OFDM symbol is preferably 
achieved by evaluating the phase of the pilots. The pilots are 
transmitted at a knoWn phase thereby alloWing the receiver 
to use this knoWn information to determine Where the start 
of a symbol is precisely, to better than a fractional portion of 
a sample. Fine frequency of the OFDM symbol is preferably 
acquired from the cyclical pre?X. The cyclical pre?X is used 
to tune the frequency of the carrier precisely to the carrier of 
the transmitter. Once the receiver has acquired coarse timing 
and ?ne frequency, then each OFDM symbol is adjusted for 
?ne timing and coarse frequency enabling improved symbol 
detection, improved sensitivity reception, and improved 
error performance by the receiver. 

[0076] The OFDM symbol is neXt submitted for demodu 
lation Which includes channel equaliZation via pilot process 
ing, see block 86. With the OFDM signal noW demodulated, 
the pilot, guard, and out-of-band subsymbols are eXtracted 
leaving a total sequence of information dibits, each of Which 
modulated a quadrature phase-shift keying (QPSK) subsym 
bol, see block 88. The QPSK symbols are then preferably 
submitted to a signal de-mapper 90, Which comprises block 
92, Wherein the QPSK symbols are returned to bit values of 
1/0, and block 94, Wherein the bits are de-interleaved. Signal 
de-mapper 90 effectively operates to place the bits in the 
same order as the originating signal to be transmitted. The 
output of signal de-mapper 90 is a serial bit data stream that 
is preferably submitted to a Viterbi decoder 96 Wherein the 
bit rate of the serial bit data stream is reduced by one-half to 
correct errors. The output of the Viterbi decoder 96 is then 
preferably submitted to a Reed/Solomon block decoder 98 
Which operates to correct residual errors in the submitted 
data stream. 

[0077] The uplink data stream is then submitted to a cyclic 
redundancy code (CRC) check in the base station unit 18. 
The CRC check is a technique for error detection in data 
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communications that is used to assure a data packet has been 
accurately transferred. The CRC is the result of a calculation 
on the set of transmitted bits that the transmitter, e.g., CPE 
unit 14 , appended to the data packet, as described earlier 
With respect to the uplink transmission. At the receiver, e.g., 
base station unit 18, the calculation is repeated and the 
results are compared to the encoded value. The calculations 
are chosen to optimiZe error detection. If the CRC check is 
good, the data packet is processed. If the CRC check is bad, 
then the data packet is rejected from further processing, as 
if the packet Was not received at all by the base station unit 
18. 

[0078] In vieW of the above, it can be seen that ?Xed 
Wireless access system 10 of the present invention is able to 
provide multichannel multipoint distribution service 
(MMDS) operators maXimum throughput and user capacity 
per spectrum allocated With easy netWork deployment on 
both the base station and customer sides. More speci?cally, 
system 10 can support a higher effective throughput, Which 
is de?ned as customer density times data throughput rate per 
customer, than other existing Wireless systems. With respect 
to the customer side, CPE unit 14 is completely user 
installable by use of a simple Ethernet connector and 
requires no registration With the FCC. Further, the cellular 
iZed and sectoriZed structure of the base station unit 18 
design alloWs for complete frequency re-use of the allocated 
channel set Which enables ease of netWork planning, and the 
ability to vary cell siZes consistent With the density of 
subscribers, i.e., high customer density is preferably 
addressed With a plurality of adjacent smaller cells 32 as 
opposed to a single larger cell. 

[0079] With respect to a retail implementation of ?Xed 
Wireless access system 10 the folloWing preferably occurs: 
(1) a potential end user of system 10 goes to a retail 
electronic store to purchase CPE unit 14; (2) the end user is 
provided by the retailer With a contract for the service 
provider in the area that is providing ?Xed Wireless access 
system 10; (3) the end user contacts the service provider and 
supplies the service provider With the information necessary 
to alloW the service provider to enable the end user’s speci?c 
CPE unit 14; and (4) the end user installs CPE unit 14 
utiliZing its internal antenna, as previously described, alloW 
ing interaction With system 10. The service provider is not 
required to send service personnel to the end user’s premise 
to install CPE unit 14. Of course, other manners of retail 
implementation may be used Without departing from the 
spirit or scope of the invention. 

[0080] Applications of ?Xed Wireless access system 10 
include, but are not limited to: (1) high-speed data applica 
tions, e.g., Internet access (DSL speeds), remote access 
e-mail hosting, WAN/LAN eXtension, remote MIS support 
services; (2) telephony, e.g., Internet telephony, voice over 
Internet Protocol (VoIP); and (3) video, e.g. video confer 
encing, video streaming, remote video camera surveillance, 
distance learning, telemedicine. 

[0081] The present invention may be embodied in other 
speci?c forms Without departing from the spirit of the 
essential attributes thereof; therefore, the illustrated embodi 
ments should be considered in all respects as illustrative and 
not restrictive, reference being made to the appended claims 
rather than to the foregoing description to indicate the scope 
of the invention. 




