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METHODS AND SYSTEMS FOR SYNCHRONIZING OVERLAPPING WIRELESS 

SYSTEMS 

 

[0001]   This disclosure pertains to the field of wireless 

communication networks, and more particularly to a method for 

improving the ability of multiple, independent wireless 

communication networks of the same type to work efficiently in 

overlapping geographical areas.  

 

[0002]   With the emergence of unlicensed wireless services, 

overlapping operation of multiple, possibly competing, wireless 

networks sharing the same frequency spectrum will become more 

commonplace.  Together with the overall proliferation of wireless 

services, interference among various co-located wireless networks 

has become a problem hindering the development, and threatening 

the future, of wireless services which share the same frequency 

spectrum. 

[0003]   One aspect that undermines the coexistence of overlapping 

base-stations (responsible for managing the various overlapping 

wireless networks) is the lack of synchronization.  

Traditionally, synchronization among overlapping base-stations 

has been tackled through the backhaul.  This simplifies a base-

station’s PHY and MAC design, but this approach too often relies 

on third party support, which may not be available.  Another 

drawback is that the increasing number of technologies employing 

license-exempt operation effectively precludes the existence of a 

METHODS AND SYSTEMS FOR SYNCHRONIZING OVERLAPPING
WIRELESS SYSTEMS [0001]This disclosure pertains to the field of wireless
communication networks, and more particularly to a method for improving the
ability of multiple, independent wireless communication networks of the same
type to work efficiently in overlapping geographical areas. [0002]With the
emergence of unlicensed wireless services, overlapping operation of multiple,
possibly competing, wireless networks sharing the same frequency spectrum
will become more commonplace. Together with the overall proliferation of
wireless services, interference among various co-located wireless networks
has become a problem hindering the development, and threatening the
future, of wireless services which share the same frequency spectrum.
[0003]One aspect that undermines the coexistence of overlapping
base-stations (responsible for managing the various overlapping wireless
networks) is the lack of synchronization. Traditionally, synchronization among
overlapping base-stations has been tackled through the backhaul. This
simplifies a base-station's PHY and MAC design, but this approach too often
relies on third party support, which may not be available. Another drawback is
that the increasing number of technologies employing license-exempt
operation effectively precludes the existence of a 
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common backbone necessary for cooperation among competing 

operators serving a given location.  This is further aggravated 

as the coverage range of these wireless technologies increase 

(e.g., IEEE 802.22). 

 

[0004]   Obviously, synchronization can be useful in order to 

allow wireless systems to both coexist and operate at improved 

performance.  Synchronization is key to efficiency, as it allows 

other dynamic resource sharing schemes to be built on top of it. 

 While synchronization may be a hard problem to be solved, the 

benefits gained from having it can be so significant that it is 

worth pursuing.  Accordingly, new technology related to the 

synchronization of overlapping, and possibly competing, wireless 

communication systems is desirable.   

 

 

[0005]   In a first embodiment, a first base-station capable of 

communicating with a first set of remote customer devices using a 

first wireless protocol and a first spectrum, and first base-

station being configured to co-exist with a remote base-station 

capable of communicating with a second set of remote customer 

devices using the first wireless protocol and the first spectrum 

is disclosed.  The first base-station and the first set of remote 

customer stations include a physical layer (PHY) device 

configured to transmit and receive wireless signals of the first 

protocol and the first spectrum, a suppression device coupled to 

the PHY device, wherein the suppression device is configured 

inhibit the PHY device from transmitting while the PHY device 

common backbone necessary for cooperation among competing operators
serving a given location. This is further aggravated as the coverage range of
these wireless technologies increase (e.g., IEEE 802.22). [0004]Obviously,
synchronization can be useful in order to allow wireless systems to both
coexist and operate at improved performance. Synchronization is key to
efficiency, as it allows other dynamic resource sharing schemes to be built on
top of it. While synchronization may be a hard problem to be solved, the
benefits gained from having it can be so significant that it is worth pursuing.
Accordingly, new technology related to the synchronization of overlapping,
and possibly competing, wireless communication systems is desirable.
[0005]In a first embodiment, a first base-station capable of communicating
with a first set of remote customer devices using a first wireless protocol and
a first spectrum, and first base-station being configured to co-exist with a
remote base-station capable of communicating with a second set of remote
customer devices using the first wireless protocol and the first spectrum is
disclosed. The first base-station and the first set of remote customer stations
include a physical layer (PHY) device configured to transmit and receive
wireless signals of the first protocol and the first spectrum, a suppression
device coupled to the PHY device, wherein the suppression device is
configured inhibit the PHY device from transmitting while the PHY device
detects a remote set of wireless signals transmitted by either the remote
base-station or the second set of remote users, and 
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detects a remote set of wireless signals transmitted by either 

the remote base-station or the second set of remote users, and 

 a media access control (MAC) device coupled to the PHY 

device configured to receive the remote set of wireless signals 

from the PHY device, wherein the MAC device includes a timing 

estimation device configured to estimate the timing of the second 

base-station’s transmitted signal based on the received wireless 

signals of the remote device, and wherein the MAC device is 

further configured to adjust its own protocol timing in a manner 

as to assist in decreasing signal interference amongst the first 

and remote base-stations, and the first and remote customer 

devices. 

 

[0006]   In a second embodiment, a method for assisting to lessen 

the interference between a first base-station capable of 

communicating with a first set of remote customer devices using a 

first wireless protocol and a first spectrum and a remote base-

station configured to capable of communicating with a second set 

of remote customer devices using the first wireless protocol and 

the first spectrum is disclosed.  The method includes 

 periodically suppressing a transmission  of  a physical 

layer (PHY) device of the first base-station and first set of 

customer stations for a first period while detecting a remote set 

of wireless signals transmitted by either the remote base-station 

or the second set of remote users, wherein each first suppressed 

period lasts at least one frame period of the first wireless 

protocol,  and adjusting the protocol timing of the first base-

station based on the detected wireless signals in a manner as to 

a media access control (MAC) device coupled to the PHY device configured
to receive the remote set of wireless signals from the PHY device, wherein
the MAC device includes a timing estimation device configured to estimate
the timing of the second base-station's transmitted signal based on the
received wireless signals of the remote device, and wherein the MAC device
is further configured to adjust its own protocol timing in a manner as to assist
in decreasing signal interference amongst the first and remote base-stations,
and the first and remote customer devices. [0006]In a second embodiment, a
method for assisting to lessen the interference between a first base-station
capable of communicating with a first set of remote customer devices using a
first wireless protocol and a first spectrum and a remote base-station
configured to capable of communicating with a second set of remote
customer devices using the first wireless protocol and the first spectrum is
disclosed. The method includes          periodically suppressing a transmission
of a physical layer (PHY) device of the first base-station and first set of
customer stations for a first period while detecting a remote set of wireless
signals transmitted by either the remote base-station or the second set of
remote users, wherein each first suppressed period lasts at least one frame
period of the first wireless protocol, and adjusting the protocol timing of the
first base-station based on the detected wireless signals in a manner as to
assist to lessen signal interference between the first and remote
base-stations. [0007]In a third embodiment, a first base-station capable of
communicating with a first set of remote customer devices using a first
wireless protocol and a first spectrum, and first base-station being configured
to co-exist with a remote base-station capable of communicating with a
second set of remote customer devices using the first wireless protocol and
the first spectrum is disclosed. The first base-station and the first set of
remote customer stations include a physical layer (PHY) device configured to
transmit and receive wireless signals of the first protocol and the first
spectrum, and a protocol control means for adjusting the protocol timing of
the first base-station and the first set of remote customer stations in a manner
as to assist to lessen signal interference amongst the first and remote
base-stations, and first and second customer devices, based on the detected
remote set of wireless signals, wherein the protocol control means adjusts
protocol timing based on intermittently detected wireless signals transmitted
by either the remote base-station or the second set of remote users and
detected by the PHY device. [0008] The example embodiments are best
understood from the following detailed description when read with the
accompanying drawing figures. It is emphasized that the various features are
not necessarily drawn to scale. In fact, the dimensions may be arbitrarily
increased or decreased for clarity of discussion. 
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assist to lessen signal interference between the first and remote 

base-stations. 
 

[0007]   In a third embodiment, a first base-station capable of 

communicating with a first set of remote customer devices using a 

first wireless protocol and a first spectrum, and first base-

station being configured to co-exist with a remote base-station 

capable of communicating with a second set of remote customer 

devices using the first wireless protocol and the first spectrum 

is disclosed.  The first base-station and the first set of remote 

customer stations include a physical layer (PHY) device 

configured to transmit and receive wireless signals of the first 

protocol and the first spectrum, and a protocol control means for 

adjusting the protocol timing of the first  base-station and the 

first set of remote customer stations in a manner as to assist to 

lessen signal interference amongst the first and remote base-

stations, and first and second customer devices, based on the 

detected remote set of wireless signals, wherein the protocol 

control means adjusts protocol timing based on intermittently 

detected wireless signals transmitted by either the remote base-

station or the second set of remote users and detected by the PHY 

device. 

 

[0008]   The example embodiments are best understood from the 

following detailed description when read with the accompanying 

drawing figures.  It is emphasized that the various features are 

not necessarily drawn to scale.  In fact, the dimensions may be 

arbitrarily increased or decreased for clarity of discussion. 

Wherever applicable and practical, like reference numerals refer to like
elements. [0009]FIG. 1 depicts two wireless communications systems having
overlapping operational regions; [0010]FIG. 2 shows a block diagram of an
exemplary base-station configured to better co-exist with a competing
base-station; [0011]FIG. 3 depicts both an initial and periodic "quiet period"
useful for the detection of an overlapping wireless system; [0012]FIG. 4
depicts an exemplary co-existence window for 
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Wherever applicable and practical, like reference numerals refer 

to like elements. 
 

 

[0009]   FIG. 1 depicts two wireless communications systems having 

overlapping operational regions;   

[0010]   FIG. 2 shows a block diagram of an exemplary base-station 

configured to better co-exist with a competing base-station;   

[0011]   FIG. 3 depicts both an initial and periodic “quiet 

period” useful for the detection of an overlapping wireless 

system;  

[0012]   FIG. 4 depicts an exemplary co-existence window for 

communication amongst overlapping wireless systems; and   

[0013]   FIG. 5 is a block diagram outlining various exemplary 

operations directed to the improved co-existence of overlapping 

wireless systems.  

 

[0014]   In the following detailed description, for purposes of 

explanation and not limitation, example embodiments disclosing 

specific details are set forth in order to provide a thorough 

understanding of an embodiment according to the present 

teachings.  However, it will be apparent to one having ordinary 

skill in the art having had the benefit of the present disclosure 

that other embodiments according to the present teachings that 

depart from the specific details disclosed herein remain within 

the scope of the appended claims.  Moreover, descriptions of 

well-known apparatus and methods may be omitted so as to not 

obscure the description of the example embodiments.  Such methods 

communication amongst overlapping wireless systems; and [0013]FIG. 5 is a
block diagram outlining various exemplary operations directed to the
improved co-existence of overlapping wireless systems. [0014]In the
following detailed description, for purposes of explanation and not limitation,
example embodiments disclosing specific details are set forth in order to
provide a thorough understanding of an embodiment according to the present
teachings. However, it will be apparent to one having ordinary skill in the art
having had the benefit of the present disclosure that other embodiments
according to the present teachings that depart from the specific details
disclosed herein remain within the scope of the appended claims. Moreover,
descriptions of well-known apparatus and methods may be omitted so as to
not obscure the description of the example embodiments. Such methods and
apparatus are clearly within the scope of the present teachings. [0015]FIG. 1
depicts two overlapping wireless communications systems, A and B, having
overlapping operational regions, ZONE A and ZONE B. As shown in FIG. 1,
communication system A includes a first base-station 120A having an
antenna 130A with the first base-station 120A being coupled to a supporting
communications backbone/network 110A. Similarly, communication system B
includes a second base-station 120B having an antenna 130B with the
second base-station 120B being coupled to a second supporting
communications backbone/network 110B. As is depicted by FIG. 1, the
exemplary communications backbones 110A and 110B have no common
wired infrastructure that can be used to enable the first base-station 120A to
synchronize with the second base-station 120B. Note, however, that the
various methods and systems of the present description may be applied
regardless of whether such a common backbone is available or not. 
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and apparatus are clearly within the scope of the present 

teachings.   

[0015]   FIG. 1 depicts two overlapping wireless communications 

systems, A and B, having overlapping operational regions, ZONE A 

and ZONE B.  As shown in FIG. 1, communication system A includes 

a first base-station 120A having an antenna 130A with the first 

base-station 120A  being coupled to a supporting communications 

backbone/network 110A.  Similarly, communication system B 

includes a second base-station 120B having an antenna 130B with 

the second base-station 120B being coupled to a second supporting 

communications backbone/network 110B.  As is depicted by FIG. 1, 

the exemplary communications backbones 110A and 110B have no 

common wired infrastructure that can be used to enable the first 

base-station 120A to synchronize with the second base-station 

120B.  Note, however, that the various methods and systems of the 

present description may be applied regardless of whether such a 

common backbone is available or not. 

 

[0016]   In operation, the first base-station 120A can communicate 

with a variety of customer devices (e.g., mobile computers or 

specialized Customer Premise Equipment (CPE)) residing in ZONE A 

using, for example, a wireless Time Division Multiple Access 

(TDMA) protocol (e.g., IEEE 802.22) with the protocol having a 

generally continuous series of frames with each frame divided 

into various downstream and upstream slots.  Similarly, the 

second base-station 120B can communicate with a second set of 

customer devices residing in ZONE B using the same TDMA protocol 

(and same frequency spectrum) as the first base-station 120A.  

[0016]In operation, the first base-station 120A can communicate with a
variety of customer devices (e.g., mobile computers or specialized Customer
Premise Equipment (CPE)) residing in ZONE A using, for example, a
wireless Time Division Multiple Access (TDMA) protocol (e.g., IEEE 802.22)
with the protocol having a generally continuous series of frames with each
frame divided into various downstream and upstream slots. Similarly, the
second base-station 120B can communicate with a second set of customer
devices residing in ZONE B using the same TDMA protocol (and same
frequency spectrum) as the first base-station 120A.  Given the extent of
geographic and spectral overlap of ZONE A and ZONE B, it is apparent that
the transmissions from the two base-stations 120A and 120B and associated
customer devices can interfere with one another to the detriment of all.
Accordingly, the overlapping wireless communications systems A and B may
both benefit by cooperating when such cooperation comes at little or no
detriment to either. [0017]In the present embodiment, the competing
communications systems A and B can cooperate by monitoring one another's
wireless emissions, and modifying various aspects of their own wireless
emissions in ways that can reduce mutual interference based on the
monitored emissions. For example, by monitoring communications system B,
the first communications system A can derive the protocol timing of
communications system B and adjust its own protocol timing in a way to
minimize mutual interference.  [0018] For the purpose of this disclosure, the
term "protocol timing" as it relates to a wireless signal can refer to the times
at which frame boundaries and (in some cases) superframe and/or slot
boundaries are occurring and should continue to periodically occur. Protocol
timing may also include the timing related to special signaling
bits/bytes/words, the expected timing of upstream versus downstream packet
transmission, the timing of special purpose communications windows and so
on. [0019]Returning to FIG. 1, it should be appreciated that better
cooperation may also be had if the communications protocols for 
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Given the extent of geographic and spectral overlap of ZONE A and 

ZONE B, it is apparent that the transmissions from the two base-

stations 120A and 120B and associated customer devices can 

interfere with one another to the detriment of all.  Accordingly, 

the overlapping wireless communications systems A and B may both 

benefit by cooperating when such cooperation comes at little or 

no detriment to either. 

[0017]   In the present embodiment, the competing communications 

systems A and B can cooperate by monitoring one another’s 

wireless emissions, and modifying various aspects of their own 

wireless emissions in ways that can reduce mutual interference 

based on the monitored emissions.  For example, by monitoring 

communications system B, the first communications system A can 

derive the protocol timing of communications system B and adjust 

its own protocol timing in a way to minimize mutual interference. 

[0018]   For the purpose of this disclosure, the term “protocol 

timing” as it relates to a wireless signal can refer to the times 

at which frame boundaries and (in some cases) superframe and/or 

slot boundaries are occurring and should continue to periodically 

occur.  Protocol timing may also include the timing related to 

special signaling bits/bytes/words, the expected timing of 

upstream versus downstream packet transmission, the timing of 

special purpose communications windows and so on. 

 

[0019]   Returning to FIG. 1, it should be appreciated that better 

cooperation may also be had if the communications protocols for 

the wireless communications systems A and B could be designed for 

passing useful information and commands between the wireless 

the wireless communications systems A and B could be designed for passing
useful information and commands between the wireless  communications
systems A and B. Still yet, cooperation may be improved if the various
customer devices could likewise pass useful information and commands
between the wireless communications systems A and B. For the purpose of
this disclosure, such cooperative information and commands can be referred
to as aspects of a "Coexistence Beacon Protocol" (CBP). Further information
about CBPs, as well competing wireless systems in general, can be found in
"A Cognitive PHY/MAC Proposal for IEEE 802.22 WRAN Systems"
(November 2005) Document No. IEEE 802.22-05/0105r0 by Carlos Cordeiro,
as well as United States Patent Application No. 60/733,518, both herein
incorporated by reference in their entirety. [0020]FIG. 2 shows a block
diagram of an exemplary base-station 120 configured to better co-exist with a
competing base-station by employing advantageous detection,
message-passing and synchronization techniques. As shown in FIG. 2, the
exemplary base-station 120 includes a controller 210, a memory 220, a
media access controller (MAC) device 230, a suppression device 240, a
physical layer (PHY) device 250 and an input/output device 290. The MAC
230 includes a timing estimation device 232, a synchronization device 234
and a co-existence device 236. The PHY 250 includes a detection device 252
and has a link capable of coupling to an antenna (not shown). The
input/output device 290 can be coupled to a communication backbone via
any number of technologies [0021]Although the exemplary base-station 120
of FIG. 2 uses a bussed architecture, it should be appreciated that any other 
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communications systems A and B.  Still yet, cooperation may be 

improved if the various customer devices could likewise pass 

useful information and commands between the wireless 

communications systems A and B.  For the purpose of this 

disclosure, such cooperative information and commands can be 

referred to as aspects of a “Coexistence Beacon Protocol” (CBP). 

 Further information about CBPs, as well competing wireless 

systems in general, can be found in “A Cognitive PHY/MAC Proposal 

for IEEE 802.22 WRAN Systems” (November 2005) Document No. IEEE 

802.22-05/0105r0 by Carlos Cordeiro, as well as United States 

Patent Application No.  60/733,518, both herein incorporated by 

reference in their entirety. 

[0020]   FIG. 2 shows a block diagram of an exemplary base-station 

120 configured to better co-exist with a competing base-station 

by employing advantageous detection, message-passing and 

synchronization techniques.  As shown in FIG. 2, the exemplary 

base-station 120 includes a controller 210, a memory 220, a media 

access controller (MAC) device 230, a suppression device 240, a 

physical layer (PHY) device 250 and an input/output device 290.  

The MAC 230 includes a timing estimation device 232, a 

synchronization device 234 and a co-existence device 236.  The 

PHY 250 includes a detection device 252 and has a link capable of 

coupling to an antenna (not shown).  The input/output device 290 

can be coupled to a communication backbone via any number of 

technologies 

 

[0021]   Although the exemplary base-station 120 of FIG. 2 uses a 

bussed architecture, it should be appreciated that any other 

architecture may be used as may be known to those of ordinary skill in the
art. For example, in various embodiments, the various components 210-290
can take the form of separate electronic components coupled together via a
series of separate busses or a collection of dedicated logic arranged in a
highly specialized architecture. [0022]It also should be appreciated that some
of the above- listed components 230-290 can take the form of
software/firmware routines residing in memory 220 and be capable of being
executed by the controller 210, or even software/firmware routines residing in
separate memories in separate servers/computers being executed by
different controllers. [0023]Still further, it should also be appreciated that
various remote customer devices may possess similar components with
similar functionality to those components 210-290 shown in FIG. 2 and
described herein with the caveat that such components on a remote
customer device may not need to possess the same complexity as the
components 210-290 the base-station 120 and so some of the components in
FIG. 2 can be omitted (e.g., the synchronization device 234). [0024]Returning
to FIG. 2, before the exemplary base-station 120 starts its "regular"
operation, i.e., it provides continuous communication services for its various
customer devices, the base-station 120 can initiate a quiet "listening" period
for itself, for related customer devices and possibly for all other base-stations
that might be affected. 
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architecture may be used as may be known to those of ordinary 

skill in the art.  For example, in various embodiments, the 

various components 210-290 can take the form of separate 

electronic components coupled together via a series of separate 

busses or a collection of dedicated logic arranged in a highly 

specialized architecture. 

[0022]   It also should be appreciated that some of the above-

listed components 230-290 can take the form of software/firmware 

routines residing in memory 220 and be capable of being executed 

by the controller 210, or even software/firmware routines 

residing in separate memories in separate servers/computers being 

executed by different controllers.  

[0023]   Still further, it should also be appreciated that various 

remote customer devices may possess similar components with 

similar functionality to those components 210-290 shown in FIG. 2 

and described herein with the caveat that such components on a 

remote customer device may not need to possess the same 

complexity as the components 210-290 the base-station 120 and so 

some of the components in FIG. 2 can be omitted (e.g., the 

synchronization device 234).  

[0024]   Returning to FIG. 2, before the exemplary base-station 

120 starts its “regular” operation, i.e., it provides continuous 

communication services for its various customer devices, the 

base-station 120 can initiate a quiet “listening” period for 

itself, for related customer devices and possibly for all other 

base-stations that might be affected.   

 

[0025]   During this initial quiet period, the suppression device 

[0025]During this initial quiet period, the suppression device  240 can prevent
the PHY 250 from transmitting while permitting the PHY 250 to passively
"listen" for other wireless systems that may be already actively providing
communication services. The exemplary PHY 250 uses its detection device
252 to detect external communication services using the same protocol and
frequency spectrum intended for use by the base-station 120 of FIG. 2. As
these signals are detected, they are converted into a digital data stream,
which is in turn provided to the timing estimation device 232 in the MAC 230.
[0026]Once the data stream is received, the timing estimation device 232 can
use the data stream to determine the protocol timing of the external wireless
signals. [0027]In case of the base-station 120, after the timing estimation
device 232 has estimated the protocol timing of the detected wireless signals,
the synchronization device 234 can cause the MAC 230 to adjust its own
protocol timing in such a way as to assist to lessen or minimize potential
interference between any wireless signals produced by the base-station 120
and the wireless signals produced by the remote base-station. In case of a
first remote customer device, the resulting timing of the external wireless
signal may be communicated to the first base-station 120 who can, in turn,
proceed as described before. [0028]In certain embodiments, such
synchronization may simply 



 

 
 10 

240 can prevent the PHY 250 from transmitting while permitting 

the PHY 250 to passively “listen” for other wireless systems that 

may be already actively providing communication services.  The 

exemplary PHY 250 uses its detection device 252 to detect 

external communication services using the same protocol and 

frequency spectrum intended for use by the base-station 120 of 

FIG. 2.  As these signals are detected, they are converted into a 

digital data stream, which is in turn provided to the timing 

estimation device 232 in the MAC 230. 

[0026]   Once the data stream is received, the timing estimation 

device 232 can use the data stream to determine the protocol 

timing of the external wireless signals. 

[0027]   In case of the base-station 120, after the timing 

estimation device 232 has estimated the protocol timing of the 

detected wireless signals, the synchronization device 234 can 

cause the MAC 230 to adjust its own protocol timing in such a way 

as to assist to lessen or minimize potential interference between 

any wireless signals produced by the base-station 120 and the 

wireless signals produced by the remote base-station. In case of 

a first remote customer device, the resulting timing of the 

external wireless signal may be communicated to the first base-

station 120 who can, in turn, proceed as described before. 

 

[0028]   In certain embodiments, such synchronization may simply 

consist of aligning the start of frame boundaries to coincide 

with the start of the frame boundaries produced by the detected 

remote base-station.  This embodiment does not require that any 

respective local and remote frames be aligned (e.g., frame 1 to 

consist of aligning the start of frame boundaries to coincide with the start of
the frame boundaries produced by the detected remote base-station. This
embodiment does not require that any respective local and remote frames be
aligned (e.g., frame 1 to  frame 1, frame 2 to frame 2 and so on), merely that
frame boundaries be aligned. [0029]In other embodiment, however, it can be
useful to align respective frames, superframes, sets of superframes and so
on. By aligning superframes, it is assumed that frame boundaries can be
aligned, as well as frames (i.e., frame 1 to frame 1, frame 2 to frame 2 and so
on), slot boundaries, special signaling bits, etc. [0030]While the base-station
120 of the present embodiment is capable of executing the above-described
initial quiet / alignment period, it should be appreciated that even should the
MAC 230 initially produce a perfectly aligned signal protocol with respect to
the remote base-station protocol, clock drift and other system imperfections
can cause local and remote frame boundaries to drift relative to one another
over time.In addition, other wireless systems may start operation using the
same resources and in overlapping geographical locations. 
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frame 1, frame 2 to frame 2 and so on), merely that frame 

boundaries be aligned.   

[0029]   In other embodiment, however, it can be useful to align 

respective frames, superframes, sets of superframes and so on.  

By aligning superframes, it is assumed that frame boundaries can 

be aligned, as well as frames (i.e., frame 1 to frame 1, frame 2 

to frame 2 and so on), slot boundaries, special signaling bits, 

etc. 

[0030]   While the base-station 120 of the present embodiment is 

capable of executing the above-described initial quiet / 

alignment period, it should be appreciated that even should the 

MAC 230 initially produce a perfectly aligned signal protocol 

with respect to the remote base-station protocol, clock drift and 

other system imperfections can cause local and remote frame 

boundaries to drift relative to one another over time.  In 

addition, other wireless systems may start operation using the 

same resources and in overlapping geographical locations. 

[0031]   In order to counteract these cases, the base-station 120 

can further employ periodic intermittent quiet listening periods 

in order to realign local and remote protocol timing.   

 

[0032]   These periodic intermittent quiet listening periods, also 

referred to as “self-coexistence quiet periods”, need not be 

frequent, and while the base-station can have complete freedom to 

choose their occurrence and frequency, it can be beneficial to 

regularly schedule the self-coexistence quiet periods in every 

superframe, and done in a random way to increase the probability 

that overlapping base-stations and/or remote customer devices 

[0031]In order to counteract these cases, the base-station 120 can further
employ periodic intermittent quiet listening periods in order to realign local
and remote protocol timing. [0032]These periodic intermittent quiet listening
periods, also referred to as "self-coexistence quiet periods", need not be
frequent, and while the base-station can have complete freedom to choose
their occurrence and frequency, it can be beneficial to regularly schedule the
self-coexistence quiet periods in every superframe, and done in a random
way to increase the probability that overlapping base-stations and/or remote
customer devices  successfully detect each other. The duration of a quiet
period can typically be of less than one frame size, but can also be of one
frame, and possibly of multiple frames. [0033]FIG. 3 depicts such an
exemplary wireless transmitted signal having a randomly/pseudo-randomly
generated self-coexistence quiet time selection along with an initial quiet time
as described above. As shown in FIG. 3, the protocol of the example wireless
signal has an initial quiet time 310 followed by a repeating set of superframes
SF0 SF.._a, where NS defines the number of superframes in a set. Also
shown in FIG. 3, each superframe SF0SFNS1can have a predetermined set
of frames Fa ... F", where FS defines the number of frames in a superframe.
For the present example, frame FN of superframe SFK has been randomly
selected such that an intermittent quiet period will occur every NS x FS frame
periods. 
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successfully detect each other.  The duration of a quiet period 

can typically be of less than one frame size, but can also be of 

one frame, and possibly of multiple frames.  

[0033]   FIG. 3 depicts such an exemplary wireless transmitted 

signal having a randomly/pseudo-randomly generated self-

coexistence quiet time selection along with an initial quiet time 

as described above.  As shown in FIG. 3, the protocol of the 

example wireless signal has an initial quiet time 310 followed by 

a repeating set of superframes SF0 … SFNS-1, where NS defines the 

number of superframes in a set.  Also shown in FIG. 3, each 

superframe SF0 … SFNS-1 can have a predetermined set of frames F0 … 

FFS-1, where FS defines the number of frames in a superframe.  For 

the present example, frame FN of superframe SFK has been randomly 

selected such that an intermittent quiet period will occur every 

NS x FS frame periods. 

[0034]   During each quiet frame FN, the suppression device 240 can 

suppress PHY transmission while allowing the detection device 252 

to detect any remote wireless signals.  Using the detected 

signals, the timing estimation device 252 can again estimate the 

protocol timing of the remote wireless signals, and the 

synchronization device 234 can apply a convergence routine to 

force the MAC to “slide” its protocol timing to be closer to (if 

not exactly) the protocol timing of the remote base-station.   

 

[0035]   While any number of possible convergence rules may be 

employed by the synchronization device, it should be appreciated 

that it can be desirable to limit the acceptable convergence time 

while guaranteeing convergence.  Accordingly, a judicious choice 

[0034]During each quiet frame FN, the suppression device 240 can suppress
PHY transmission while allowing the detection device 252 to detect any
remote wireless signals. Using the detected signals, the timing estimation
device 252 can again estimate the protocol timing of the remote wireless
signals, and the synchronization device 234 can apply a convergence routine
to force the MAC to "slide" its protocol timing to be closer to (if not exactly)
the protocol timing of the remote base-station. [0035]While any number of
possible convergence rules may be employed by the synchronization device,
it should be appreciated that it can be desirable to limit the acceptable
convergence time while guaranteeing convergence. Accordingly, a judicious
choice of convergence rule(s) can be desirable to optimize performance.
[0036] Note that whenever the protocol timing of the MAC 230 is adjusted, it
should be appreciated that the time for such a slide may be best if at a
superfame boundary or at a set of superframes boundary. So that the timing
slide does not disrupt any data communication, the MAC 230 can account for
the slide when scheduling future upstream and downstream transmissions,
and further strive to communicate with customer devices and other
base-stations to coordinate and confirm any timing adjustments made. It
should also be noted that in case of a centralized access system with a
base-station 120, it can be the responsibility of the base-station 120 to adjust
the protocol  
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of convergence rule(s) can be desirable to optimize performance. 

[0036]   Note that whenever the protocol timing of the MAC 230 is 

adjusted, it should be appreciated that the time for such a slide 

may be best if at a superfame boundary or at a set of superframes 

boundary.  So that the timing slide does not disrupt any data 

communication, the MAC 230 can account for the slide when 

scheduling future upstream and downstream transmissions, and 

further strive to communicate with customer devices and other 

base-stations to coordinate and confirm any timing adjustments 

made. It should also be noted that in case of a centralized 

access system with a base-station 120, it can be the 

responsibility of the base-station 120 to adjust the protocol 

timing, which is announced and followed by all remote customer 

devices. 

[0037]   Returning to FIG. 2, the co-existence device 236 of the 

MAC 230 can be used to coordinate and confirm timing adjustments 

by use of a “self-coexistence window”.  FIG. 4 depicts such an 

exemplary self-coexistence window as part of a number of upstream 

slots located at the end of frame FM, superframe SFL.  The self-

coexistence window need not be as long as a quiet window – 

typically a few slots with guard bands on either side to account 

for signal delay propagation. 

 

[0038]    The above-mentioned coordination and confirmation of 

time-slides/synchronization, as well as other system maintenance 

issues, can be accommodated through periodic packet transmissions 

and receptions during the self-coexistence windows.  For example, 

after a first base-station makes a protocol timing adjustment, 

timing, which is announced and followed devices. [0037]Returning to FIG. 2,
the  MAC 230 can be used to coordinate and confirm timing adjustments by
use of a "self-coexistence window". FIG. 4 depicts such an exemplary
self-coexistence window as part of a number of upstream slots located at the
end of frame Fm, superframe SF,. The self-coexistence window need not be
as long as a quiet window - typically a few slots with guard bands on either
side to account for signal delay propagation. [0038]The above-mentioned
coordination and confirmation of time-slides/synchronization, as well as other
system maintenance issues, can be accommodated through periodic packet
transmissions and receptions during the self-coexistence windows. For
example, after a first base-station makes a protocol timing adjustment,
synchronization may be considered completed and confirmed once a first
"beacon packet" is successfully received from an overlapping cell. For the
purpose of this disclosure, the any packets transmitted and received using
the co-existence window can fall under the "Coexistence Beacon Protocol"
(CBP) discussed above, and packets transmitted under the CBP can be
referred to as "beacon packets". 
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synchronization may be considered completed and confirmed once a 

first “beacon packet” is successfully received from an 

overlapping cell.  For the purpose of this disclosure, the any 

packets transmitted and received using the co-existence window 

can fall under the “Coexistence Beacon Protocol” (CBP) discussed 

above, and packets transmitted under the CBP can be referred to 

as “beacon packets”.   

[0039]   FIG. 5 is a block diagram outlining various exemplary 

operations directed to the improved co-existence of competing 

base-stations.  The process starts in step 502 when an initial 

quiet listening period is performed by a base-station to detect 

the signals produced by a remote base-station.  Next, in step 

504, the timing of the remote base-station’s protocol is 

estimated, and calculations to produce the necessary 

synchronization of the base-station’s transmitted signal is 

performed.  Control continues to step 506. 

[0040]   In step 506, the timing for periodic quiet/listening 

frames (or other time periods) can be defined.  Next, in step 

508, the timing for periodic co-existence periods can be defined. 

 Then, in step 510, the base-station can start transmitting using 

protocol timing as defined in step 504 and having quiet and co-

existence periods as defined in steps 506 and 508.  Control 

continues to step 512. 

 

[0041]   In step 512, a scheduled quiet time is executed, and 

signals from either the remote base-stations or remote customer 

devices can be detected.  Next, in step 514, a scheduled co-

existence window can be executed and any pertinent co-existence 

[0039]FIG. 5 is a block diagram outlining various exemplary operations
directed to the improved co-existence of competing base-stations. The
process starts in step 502 when an initial quiet listening period is performed
by a base-station to detect the signals produced by a remote base-station.
Next, in step 504, the timing of the remote base-station's protocol is
estimated, and calculations to produce the necessary synchronization of the
base-station's transmitted signal is performed. Control continues to step 506.
[0040]In step 506, the timing for periodic quiet/listening frames (or other time
periods) can be defined. Next, in step 508, the timing for periodic
co-existence periods can be defined. Then, in step 510, the base-station can
start transmitting using protocol timing as defined in step 504 and having
quiet and coexistence periods as defined in steps 506 and 508. Control
continues to step 512. [0041]In step 512, a scheduled quiet time is executed,
and signals from either the remote base-stations or remote customer devices
can be detected. Next, in step 514, a scheduled coexistence window can be
executed and any pertinent co-existence data can be exchanged. Control
continues to step 516. [0042]In step 516, any necessary timing estimation
and 
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data can be exchanged.  Control continues to step 516. 

[0042]   In step 516, any necessary timing estimation and 

convergence routines can be performed, as well as any 

synchronization operations, e.g., “sliding”, necessary to align 

the protocol timing of a base-station to a remote base-station.  

Next, in step 518, confirmation operations can be performed using 

the CBP discussed above - typically through a subsequent co-

existence window.  Control then jumps back to step 512 and loops 

continuously through steps 512-518 as needed until the subject 

base-station ceases operation. 

[0043]   In various embodiments where the above-described systems 

and/or methods are implemented using a programmable device, such 

as a computer-based system or programmable logic, it should be 

appreciated that the above-described systems and methods can be 

implemented using any of various known or later developed 

programming languages, such as "C", "C++", "FORTRAN", Pascal", 

"VHDL" and the like. 

[0044]   Accordingly, various storage media, such as magnetic 

computer disks, optical disks, electronic memories and the like, 

can be prepared that can contain information that can direct a 

device, such as a computer, to implement the above-described 

systems and/or methods.  Once an appropriate device has access to 

the information and programs contained on the storage media, the 

storage media can provide the information and programs to the 

device, thus enabling the device to perform the above-described 

systems and/or methods. 

 

[0045]   For example, if a computer disk containing appropriate 

convergence routines can be performed, as well as any synchronization
operations, e.g., "sliding", necessary to align the protocol timing of a
base-station to a remote base-station. Next, in step 518, confirmation
operations can be performed using the CBP discussed above - typically
through a subsequent coexistence window. Control then jumps back to step
512 and loops continuously through steps 512-518 as needed until the
subject base-station ceases operation. [0043]In various embodiments where
the above-described systems and/or methods are implemented using a
programmable device, such as a computer-based system or programmable
logic, it should be appreciated that the above-described systems and
methods can be implemented using any of various known or later developed
programming languages, such as "C", "C++", "FORTRAN", Pascal", "VHDL"
and the like. [0044]Accordingly, various storage media, such as magnetic
computer disks, optical disks, electronic memories and the like, can be
prepared that can contain information that can direct a device, such as a
computer, to implement the above-described systems and/or methods. Once
an appropriate device has access to the information and programs contained
on the storage media, the storage media can provide the information and
programs to the device, thus enabling the device to perform the
above-described systems and/or methods. [0045]For example, if a computer
disk containing appropriate materials, such as a source file, an object file, an
executable file or the like, were provided to a computer, the computer could
receive the information, appropriately configure itself and perform the
functions of the various systems and methods outlined in the diagrams and
flowcharts above to implement the various functions. That is, the computer
could receive various portions of information from the disk relating to different
elements of the above-described systems and/or methods, implement the
individual systems and/or methods and coordinate the functions of the
individual systems and/or methods described above. [0046]The many
features and advantages of the invention are 
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materials, such as a source file, an object file, an executable 

file or the like, were provided to a computer, the computer could 

receive the information, appropriately configure itself and 

perform the functions of the various systems and methods outlined 

in the diagrams and flowcharts above to implement the various 

functions.  That is, the computer could receive various portions 

of information from the disk relating to different elements of 

the above-described systems and/or methods, implement the 

individual systems and/or methods and coordinate the functions of 

the individual systems and/or methods described above. 

[0046]   The many features and advantages of the invention are 

apparent from the detailed specification, and thus, it is 

intended by the appended claims to cover all such features and 

advantages of the invention which fall within the true spirit and 

scope of the invention.  Further, since numerous modifications 

and variations will readily occur to those skilled in the art, it 

is not desired to limit the invention to the exact construction 

and operation illustrated and described, and accordingly, all 

suitable modifications and equivalents may be resorted to, 

falling within the scope of the invention. 

apparent from the detailed specification, and thus, it is intended by the
appended claims to cover all such features and advantages of the invention
which fall within the true spirit and scope of the invention. Further, since
numerous modifications and variations will readily occur to those skilled in the
art, it is not desired to limit the invention to the exact construction and
operation illustrated and described, and accordingly, all suitable modifications
and equivalents may be resorted to, falling within the scope of the invention.
CLAIMS 1.A first base-station capable(120)of communicating with a set of
first remote customer devices using a first wireless protocol and a first
spectrum, and first base-station being configured to co-exist with a remote
wireless system having a remote base-station capable of communicating with
a set of second remote customer devices using the first wireless protocol and
the first spectrum, the first base-station comprising;       a physical layer
(PHY) device (250) configured to transmit and receive wireless signals of the
first protocol and the first spectrum;       a suppression device (240) coupled
to the PITY device, wherein the suppression device is configured to inhibit
the PHY device from transmitting while the PHY device detects a remote set
of wireless signals transmitted by at least one of the remote base-station and
a second remote customer device; and       a media access control (MAC)
device (230) coupled to the PHY device and configured to receive the remote
set of wireless signals from the PHY device, wherein the MAC device
includes a timing estimation device (232) configured to estimate the protocol
timing of the remote base-station's and/or second remote customer device's
transmitted signal based on the received wireless signals, and wherein the
MAC device is further configured to adjust its own protocol 
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CLAIMS 

 

 1.   A first base-station capable (120) of 

communicating with a set of first remote customer devices 

using a first wireless protocol and a first spectrum, and 

first base-station being configured to co-exist with a 

remote wireless system having a remote base-station capable 

of communicating with a set of second remote customer 

devices using the first wireless protocol and the first 

spectrum, the first base-station comprising; 

 a physical layer (PHY) device (250) configured to 

transmit and receive wireless signals of the first protocol 

and the first spectrum; 

 a suppression device (240) coupled to the PHY device, 

wherein the suppression device is configured to inhibit the 

PHY device from transmitting while the PHY device detects a 

remote set of wireless signals transmitted by at least one 

of the remote base-station and a second remote customer 

device; and  

 a media access control (MAC) device (230) coupled to 

the PHY device and configured to receive the remote set of 

wireless signals from the PHY device, wherein the MAC device 

includes a timing estimation device (232) configured to 

estimate the protocol timing of the remote base-station’s 

and/or second remote customer device’s transmitted signal 

based on the received wireless signals, and wherein the MAC 

device is further configured to adjust its own protocol 

timing in a manner as to lessen signal interference between the first
base-station and remote wireless system.       2. The first base-station of
claim 1, wherein the MAC device includes a synchronization device (234)
configured to adjust its own protocol timing in a manner as to align frame
boundaries of the first base-station's transmitted signals with frame
boundaries of the remote base-station's transmitted signals.       3. The first
base-station of claim 1, wherein the MAC device includes a synchronization
device (234) configured to adjust its own protocol timing in a manner as to
align superframe boundaries of the first base-station's transmitted signals
with superframe boundaries of the remote base-station's transmitted signals.
4. The first base-station of claim 1, wherein the suppression device is
configured to inhibit the PITY device from transmitting during an initial quiet
period before regular operational transmission of the first base-station.       5.
The first base-station of claim 4, wherein the suppression device is further
configured to inhibit the PHY device from transmitting during a number of
repetitive, intermittent quiet periods during the regular operation of the first
base-station.  suppression device is configured to inhibit the PITY device
from transmitting during a number of repetitive, intermittent quiet periods
during the regular operation of the first base-station. 
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timing in a manner as to lessen signal interference between 

the first base-station and remote wireless system. 

 

 2. The first base-station of claim 1, wherein the MAC 

device includes a synchronization device (234) configured to 

adjust its own protocol timing in a manner as to align frame 

boundaries of the first base-station’s transmitted signals 

with frame boundaries of the remote base-station’s 

transmitted signals. 

 

 3. The first base-station of claim 1, wherein the MAC 

device includes a synchronization device (234) configured to 

adjust its own protocol timing in a manner as to align 

superframe boundaries of the first base-station’s 

transmitted signals with superframe boundaries of the remote 

base-station’s transmitted signals. 

 

 4. The first base-station of claim 1, wherein the 

suppression device is configured to inhibit the PHY device 

from transmitting during an initial quiet period before 

regular operational transmission of the first base-station.  

 

 5. The first base-station of claim 4, wherein the 

suppression device is further configured to inhibit the PHY 

device from transmitting during a number of repetitive, 

intermittent quiet periods during the regular operation of 

the first base-station.  

 

7. The first base- station of claim 6, wherein the repetitive, intermittent quiet
periods are each n frames long in duration, wherein n is an integer greater
than zero.       8. The first base-station of claim 7, wherein n is one.       9. The
first base-station of claim 7, wherein the first base-station assigns a random
frame number for the repetitive intermittent quiet periods.       10. The first
base-station of claim 9, wherein the first base-station further assigns a
superframe number from a set of superframes comprising the first
base-station's protocol to the repetitive intermittent quiet periods.       11. The
first base-station of claim 10, wherein the first base-station assigns a random
superframe number.       12. The first base-station of claim 1, wherein the
MAC device further includes a co-existence device (236) configured to
establish a periodic common co-existence time  period between the first and
remote base-stations, wherein each common co-existence time period can
be used for exchanging messages between base-stations. 
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 6. The first base-station of claim 1, wherein the 

suppression device is configured to inhibit the PHY device 

from transmitting during a number of repetitive, 

intermittent quiet periods during the regular operation of 

the first base-station.  

 

 7. The first base-station of claim 6, wherein the 

repetitive, intermittent quiet periods are each n frames 

long in duration, wherein n is an integer greater than zero.  

 

 8. The first base-station of claim 7, wherein n is 

one. 

 

 9. The first base-station of claim 7, wherein the 

first base-station assigns a random frame number for the 

repetitive intermittent quiet periods. 

 

 10. The first base-station of claim 9, wherein the 

first base-station further assigns a superframe number from 

a set of superframes comprising the first base-station’s 

protocol to the repetitive intermittent quiet periods. 

 

 11. The first base-station of claim 10, wherein the 

first base-station assigns a random superframe number. 

 

 12. The first base-station of claim 1, wherein the MAC 

device further includes a co-existence device (236) 

configured to establish a periodic common co-existence time 

13. The first base-station of claim 12, wherein the common co-existence time
period further can be used for exchanging messages directed to the sharing
of bandwidth resources between the first and remote base-stations.       14.
The first base-station of claim 12, wherein the periodic common co-existence
time period consists of one or more time slots embedded in a set of upstream
timeslots of a particular assigned frame.       15. The first base-station of
claim 14, wherein the periodic common co-existence time period further
includes one or more guard bands.       16. The first base-station of claim 2,
wherein the synchronization device employs a convergence routine to
periodically adjust its own protocol timing to converge with the protocol timing
of the remote base-station.       17. A method for lessening the interference
between a first base-station (120) capable of communicating with a set of first
remote customer devices using a first wireless protocol and a first spectrum
and a remote wireless system having a remote base-station capable of
communicating with a set of second remote customer devices using the first
wireless protocol and the first spectrum, the method comprising;
periodically suppressing a transmission of a physical layer (PHY) device
(250) of the first base-station for a first period while detecting a remote set of
wireless signals transmitted by at least one of the remote base-station and a
second remote customer devices, wherein each first suppressed period lasts
at least one frame period of the first wireless protocol; and       adjusting the
protocol timing of the first base-station based on the detected wireless
signals received during at least a first suppressed first period in a manner as
to lessen signal interference between the first base-station and remote
wireless system. 
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period between the first and remote base-stations, wherein 

each common co-existence time period can be used for 

exchanging messages between base-stations. 

 

 13. The first base-station of claim 12, wherein the 

common co-existence time period further can be used for 

exchanging messages directed to the sharing of bandwidth 

resources between the first and remote base-stations. 

 

 14. The first base-station of claim 12, wherein the 

periodic common co-existence time period consists of one or 

more time slots embedded in a set of upstream timeslots of a 

particular assigned frame. 

 

 15. The first base-station of claim 14, wherein the 

periodic common co-existence time period further includes 

one or more guard bands.  

 

 16. The first base-station of claim 2, wherein the 

synchronization device employs a convergence routine to 

periodically adjust its own protocol timing to converge with 

the protocol timing of the remote base-station. 

 

 17.   A method for lessening the interference between a 

first base-station (120) capable of communicating with a set 

of first remote customer devices using a first wireless 

protocol and a first spectrum and a remote wireless system 

having a remote base-station capable of communicating with a 

18.The method of claim 17, wherein the step of adjusting includes:
estimating the protocol timing of the remote base-station's transmitted signal
based on the remote wireless signals detected during the first suppressed
period to produce a first estimated time;       performing a convergence
process based on the first estimated time and a local protocol timing to
determine a time change adjustment useful to improve synchronization
between the first and remote base-stations; and       applying the time change
adjustment to the local protocol timing to better align the local protocol timing
to the remote protocol timing.       19. The method of claim 18, further
comprising establishing a periodic common co-existence time period between
the first and remote base-stations for exchanging messages amongst
base-stations and customer devices, wherein the periodic common
co-existence time period consists of one or more time slots embedded in a
particular assigned frame of the first wireless protocol.       20. A first
base-station (120) capable of 
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set of second remote customer devices using the first 

wireless protocol and the first spectrum, the method 

comprising; 

 periodically suppressing a transmission of a physical 

layer (PHY) device (250) of the first base-station for a 

first period while detecting a remote set of wireless 

signals transmitted by at least one of the remote base-

station and a second remote customer devices, wherein each 

first suppressed period lasts at least one frame period of 

the first wireless protocol; and  

 adjusting the protocol timing of the first base-station 

based on the detected wireless signals received during at 

least a first suppressed first period in a manner as to 

lessen signal interference between the first base-station 

and remote wireless system. 

 

 18.   The method of claim 17, wherein the step of 

adjusting includes: 

 estimating the protocol timing of the remote base-

station’s transmitted signal based on the remote wireless 

signals detected during the first suppressed period to 

produce a first estimated time; 

 performing a convergence process based on the first 

estimated time and a local protocol timing to determine a 

time change adjustment useful to improve synchronization 

between the first and remote base-stations; and 

communicating with a set of first remote customer devices using a first
wireless protocol and a first spectrum, and first base-station being configured
to co-exist with a remote wireless system having a remote base-station
capable of communicating with a set of second remote customer devices
using the first wireless protocol and the first spectrum, the first base-station
comprising;       a physical layer (PHY) device (250) configured to transmit
and receive wireless signals of the first protocol and the first spectrum; and
a protocol control means (250) for adjusting the protocol timing of the first
base-station in a manner as to lessen signal interference between the first
base-stations and the remote wireless system based on remote wireless
signals detected by the PHY, wherein the protocol control means adjusts
protocol timing based on intermittently detected wireless signals transmitted
by at least one of the remote base-station and a second remote customer
device. 21.The first base-station of claim 20, wherein the protocol control
means further includes a co-existence means (236) for establishing a
periodic common co-existence time period between the first base-station and
remote wireless system, wherein each common co-existence time period can
be used for exchanging messages amongst respective base-stations and
customer devices of the first and remote wireless systems. 22.The first
base-station of claim 20, wherein the first base-station is part of an
unlicensed communication system. 



 

 
 22 

 applying the time change adjustment to the local 

protocol timing to better align the local protocol timing to 

the remote protocol timing. 

 

 19.   The method of claim 18, further comprising 

establishing a periodic common co-existence time period 

between the first and remote base-stations for exchanging 

messages amongst base-stations and customer devices, wherein 

the periodic common co-existence time period consists of one 

or more time slots embedded in a particular assigned frame 

of the first wireless protocol. 

 

 20.   A first base-station (120) capable of 

communicating with a set of first remote customer devices 

using a first wireless protocol and a first spectrum, and 

first base-station being configured to co-exist with a 

remote wireless system having a remote base-station capable 

of communicating with a set of second remote customer 

devices using the first wireless protocol and the first 

spectrum, the first base-station comprising; 

 a physical layer (PHY) device (250) configured to 

transmit and receive wireless signals of the first protocol 

and the first spectrum; and  

 a protocol control means (250) for adjusting the 

protocol timing of the first base-station in a manner as to 

lessen signal interference between the first base-stations 

and the remote wireless system based on remote wireless 

signals detected by the PHY, wherein the protocol control 
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means adjusts protocol timing based on intermittently 

detected wireless signals transmitted by at least one of the 

remote base-station and a second remote customer device. 

 

 21.   The first base-station of claim 20, wherein the 

protocol control means further includes a co-existence means 

(236) for establishing a periodic common co-existence time 

period between the first base-station and remote wireless 

system, wherein each common co-existence time period can be 

used for exchanging messages amongst respective base-

stations and customer devices of the first and remote 

wireless systems. 

 

 22.   The first base-station of claim 20, wherein the 

first base-station is part of an unlicensed communication 

system. 




