
WO 2005/039094 PCT/US2004/034305  4 METHODS AND APPARATUS OF IMPROVING
INTER-SECTOR AND/OR INTER- CELL HANDOFFS IN A MULTI-CARRIER WIRELESS
COMMUNICATIONS  SYSTEM FIELD OF THE INVENTION The present invention relates
to communications systems and, more particularly, to  methods and apparatus
for facilitating selection of a network attachment point to be used and/or
implementing handoffs. BACKGROUND  Cells may include one or more sectors. A
cell without multiple sectors is a single sector  cell, i.e., it includes a
single sector. Signals are normally transmitted by a sector transmitter
using a carrier frequency and the corresponding bandwidth, e.g., one or more
tones surrounding  the carrier frequency. Different cells and/or sectors of
a cell often use different frequency bands  centered around the carrier
frequencies used by the sectors or cells. In a frequency reuse system,  the
carrier frequencies of adjacent cells and/or sectors are often different. To
receive signals  corresponding to a carrier frequency, a wireless terminal
normally has to adjust its receiver, e.g.,  receiver filters, to correspond
to the frequency band, associated with the carrier frequency to be  used.
Switching a receiver between carrier frequencies may take time. Thus, in
receivers with a  single filter chain, transitioning between different
carriers may cause the receiver to encounter  intervals during which
information can not be received due to the switching process. Wireless
terminals, e.g., mobile nodes, communicating with a base station on a given
carrier frequency and moving through a multi-carrier system need to decide
when to make a  handoff and transition to a new carrier frequency, e.g.,
corresponding to a new cell and/or sector,  As discussed above, an adjacent
sector and/or cell may use a different carrier frequency, and as a  sector
or cell boundary is crossed, a wireless terminal will normally have to
identify and switch  to the new carrier frequency. Typically a mobile node,
listens to one carrier frequency band at a given time due to  constraints in
the hardware and cost associated with the receiver. This is because, for
cost  reasons, multiple parallel receiver filter chains are often too
expensive to be practical. In some WO 2005/039094 PCT/US2004/034305  -2 



known systems a mobile node waits until communications are lost or
significantly degraded on  the operating carrier band being used before
switching to another carrier. In some systems, a  wireless terminal
periodically switches its receiver to a different carrier band to check for
signal  presence and/or strength. Unfortunately, while switched to search
for another carrier, the  receiver can not receive signals from the carrier
that is currently in use. The known methods of  determining what carriers
are available to switch to and when to switch to a new carrier may  result
in interrupted communications, gaps during the hand-off process, and/or
wasted resources  in monitoring and determining the appropriate carrier
frequency band. In view of the above discussion, it should be appreciated
that there is a need for  improved methods for determining when a wireless
terminal should initiate a handoff.  Preferably, any new or improved methods
should not require a mobile node to switch its  receiver to another
frequency band to search for the carrier frequency of an adjacent cell or
sector. SUMMARY OF THE INVENTION The invention allows a wireless terminal's
receiver to remain on its current operating  carrier frequency band, and
still receive information from adjacent sector and/or cell base station
transmitters which can be used to identify the carrier used by the
neighboring sector or cell. This is achieved by controlling the base station
transmitters in different sectors and/or cells to  } periodically transmit a
signal, including a narrow (in terms of frequency) high power signal
component, into the frequency band used in the neighboring sector or cell.
In a system using the invention, base station transmitters in different
sectors and/or cells  each periodically transmit a high power signal,
referred to in the present application as a beacon  signal, into the
frequency band used in the neighboring sector or cell. Beacon signals are
signals  which include one or more narrow (in terms of frequency) signal
components, e.g., signal tones,  which are transmitted at relatively high
power compared to other signals such as user data  signals. In some
embodiments beacon signals each include one or more signal components  where
each signal component corresponds to a different tone. A beacon signal
component in  some embodiments includes a per tone signal energy which is
10, 20, 30 or more times the  average per tone signal energy of signal tones
used to transmit user data and/or non-beacon WO 2005/039094
PCT/US2004/034305  3 control signals. The frequency of a beacon signal's
component or components can be used to  



convey information such as the carrier used by the transmitter which
transmitted the beacon to  communicate user data, a cell identifier and/or a
sector identifier corresponding to the transmitter which transmitted the
particular beacon signal. Some information maybe conveyed  by using multiple
beacon signals in which case the frequency of multiple beacon signal
components conveys transmitter information, e.g., of the type just
described. Multiple beacons, e.g., multiple high power tones can be
transmitted at the same time  although in many embodiments at most a single
beacon signal is transmitted by a transmitter in  any given transmission
time period, e.g., symbol transmission period. The single beacon signal I
may include a single high power signal tone or, in some embodiments, a few
high power tones.  Beacon signals, in one exemplary OFDM embodiment are
transmitted by a transmitter in a  transmission time corresponding to an
OFDM symbol transmission time. However, this is  simply an exemplary
embodiment and the transmission time may be different in other  embodiments.
Each beacon signal tone is transmitted e.g., at a predetermined frequency
thereby  allowing the frequency of the beacon signal components to be used
in convey information, e.g.,  cell, sector and/or carrier information. In
some embodiments, the beacon signal corresponds to a  single tone. Beacon
signals maybe fixed in terms of frequency or they can be transmitted at
different points in time at different frequencies, e.g., according to a
predetermined pattern such  as a particular hopping sequence corresponding
to a cell or sector. While in various embodiments the transmitter does not
transmit user data when  transmitting the beacon signal into the frequency
band of the neighboring sector or cell, in some  embodiments the transmitter
continues to transmit user data and the beacon signal transmission  is in
addition to the transmission of data and/or other signals into the sector
serviced by the  transmitter. The beacon signal transmitted into the
neighboring cell or sector's frequency band can be  detected by mobile nodes
within the neighboring cell or sector without having to change the
frequency band to which the mobile node has its receiver adjusted. The
relatively high power  level of beacon signals makes them easy to detect.
The frequency of a detected beacon signal  WO 2005/039094 PCT/US2004/034305
-4 can be readily determined by the wireless terminal, e.g., based on the
received energy in each  



tone. The detection of the beacon frequency can, and in many cases where the
beacon is from a  neighboring cell often does, occur before the wireless
terminal acquires synchronization  information, such as carrier frequency or
symbol timing, related to the cell or sector transmitting  the beacon
signal. The frequencies of received beacon signals can, and in various
embodiments  are, used to determine the sector or cell from which the
detected beacon signals were  transmitted. By storing information about
received beacon signal strength, e.g., power, and  comparing the strength of
beacon signals corresponding to different sectors, a mobile can  determine
when a handoff should be performed. The carrier frequency to which the
handoff is  to be made can be determined from the frequency of the received
beacon signal which triggered  the handoff operation. The carrier frequency
of the neighboring sector or cell is determined  from stored information
indicating the carrier frequency used by different sectors and/or cells to
transmit beacon signals. The information obtained from beacon signals
transmitted by neighboring sectors or  cells, into the frequency band of the
adjacent sector or cell, allows wireless terminals in the  adjacent sector
or cell to identify when a boundary region is being approached, when the
wireless terminal should perform a hand-off, and what new carrier frequency
should be used  following the handoff. This can be accomplished without
having the wireless terminal switch its  receiver to a different frequency
band in an attempt to identify the carrier of the neighboring  sector and/or
cell. The amount of time a transmitter transmits a beacon signal into a
neighboring sector or  cell's frequency band is usually a fraction of the
time the transmitter transmits user data into the  frequency band it uses to
communicate user data, e.g., text, video, voice or other user application
data. Numerous additional features, benefits and embodiments of the present
invention are  discussed in the detailed description which follows. WO
2005/039094 PCT/US2004/034305  -5 BRIEF DESCRIPTION OF THE FIGURES Figure 1
is a drawing of an exemplary 3 sector multi-carrier cell including a
sectorized  base station and a wireless terminal presently situated on a
sector boundary; the base station and  wireless terminal implemented in
accordance with an exemplary embodiment of the present  invention. 



Figure 2 is a drawing of an exemplary multi-carrier wireless communications
system,  implemented in accordance with the present invention, including
three exemplary cells, each cell  including a sectorized base station, the
system also including an exemplary wireless terminal  presently situated on
a cell boundary. Figure 3 shows exemplary base station sector transmitter
signaling vs frequency for  different sector transmitters of an exemplary
cell, in accordance with the present invention.  Figure 4 shows exemplary
base station sector transmitter signaling vs frequency for the same type
designation sector transmitters of different cells, in accordance with the
present  invention. Figure 5 is a drawing of exemplary base station sector
transmitter signaling vs time for  three exemplary frequency bands for two
adjacent base station sector transmitters, in accordance  with an exemplary
embodiment of the present invention. Figure 6 is a drawing of an exemplary
multi-carrier sectorized wireless communications  system, implemented in
accordance with the present invention and using methods of the present
invention. Figure 7 is a drawing of an exemplary base station, implemented
in accordance with the  present invention and using methods of the present
invention. Figure 8 is a drawing of an exemplary wireless terminal,
implemented in accordance  with the present invention and using methods of
the present invention. WO 20051039094 PCT/US2004/034305  -6 Figure 9 is a
drawing of an exemplary method of operating base stations in accordance
with the methods of the present invention. DETAILED DESCRIPTION OFT HE
INVENTION Each cell includes a base station which transmits different
signals into each sector of a  cell. Each cell includes one or more sectors.
Separate antenna and/or transmitter maybe  provided for each sector of a
cell. The base station, in accordance with the invention, transmits
multiple beacon signals, e.g., at different times, from each sector of a
cell. One or more beacon  signals are normally transmitted within the
frequency band used by the particular sector to  communicate information,
e.g., user data and/or control information intended for specific  individual
wireless terminals, to wireless terminals within the sector. User data may
include text  data, voice data and/or other types of user application data.
Such beacon signals can be used to  



convey information, e.g., a sector identifier, a cell identifier, and/the
carrier frequency used in  the sector. In accordance with the present
invention, the base station uses a sector transmitter to  periodically
transmit a beacon signal at a predetermined frequency within the frequency
band,  which is used, e.g., by an adjacent sector or cell to communicate
user data and/or control signals  corresponding to specific wireless
terminals in the adjacent sector or cell. As a result, multiple  sectors may
transmit beacon signals into the same frequency band, e.g., at different
times. To  make it easy to distinguish the sector which is the source of a
beacon signal within a particular  frequency band, each sector transmits a
beacon at a different predetermined frequency within v any given frequency
band used by a sector. rl The strength of the beacon signals received from
adjacent sectors and/or cells may be  compared to the strength of the beacon
signal received from its own current base station sector  transmission to
determine when a handoff should be performed- In accordance with the
invention, the monitoring and evaluation of beacon signals from adjacent
sectors/cells allows the III wireless terminal to, in many cases, make a
seamless hand-off without a disruption or  interruption in service that
occurs in systems where it is more difficult to determine the carrier
frequency to be used following the handoff. In one exemplary OFDM
(Orthogonal Frequency Division Multiplexed) embodiment, a  beacon signal is
implemented as a relatively high powered signal that is transmitted on a
single WO 2005/039094 PCT/US2004/034305  -7 tone, e.g., frequency. The power
used to transmit the beacon signal is, in some embodiments,  more than
twice, and in many cases more than 5 or 6 times, the average power of the
highest  power signal tone used to communicate data or pilot signals in the
sector corresponding to the  transmitter transmitting the beacon signal. In
some but not necessarily all embodiments, the power used to transmit the
beacon  signal is more than twenty times the average per tone power of all
the tones used to  communicate data or pilot signals in the sector from
which the beacon is transmitted, where the  average per tone power is
relative to a transmission period, e.g., a one or two second  transmission
period preceding the transmission of the beacon signal. For example, if
during the 9 a 1 second period 100 different tones were used, the average
per second per tone power would  be the total transmitted power in the 1
second period divided by 100. A one second period may  include multiple
symbol transmission periods. Assuming a beacon is transmitted in one symbol



period on one tone, the beacon signal would have in the particular exemplary
embodiment, more  than 20 times the average energy of a tone transmitted in
a symbol transmission period in the 1  second time period. When a beacon
signal is transmitted in one exemplary OFDM embodiment, a significant
amount of transmission power is concentrated on one or a small number of
tones, e.g., a single  tone which comprises the beacon signal. The amount of
power is sufficient to reliably detect the  beacon and is higher than the
average power of the other non-beacon tones which are transmitted. Tones
which are not used for the beacon signal may, and sometimes are, left
unused. However, in some cases tones which are not used to transmit the
beacon are still used  to transmit other information at a power level that
is lower than the beacon power level. In some  embodiments, when
transmitting a beacon signal into the frequency band used by an adjacent
sector, some of the tones used in the frequency band of the sector
transmitting the beacon signal  may go unused by the sector's transmitter as
the power is concentrated on the beacon signal.  However, such a limitation
is not mandatory. Figure 1 shows an exemplary 3 sector cell 100
corresponding to a base station (BS) 102  implemented in accordance with one
exemplary embodiment of the present invention. BS 102 is  a sectorized base
station. The base station (13S) 102 transmits ordinary signals, e.g., user
data  and control signals, into sector 1 106 using carrier frequency fr. The
BS 102 transmits ordinary WO 2005/039094 PCT/US2004/034305  -8 signals into
sector 2 108 using carrier frequency f2, and ordinary signals into sector 3
110 using  carrier frequency f3. A wireless terminal (WT) 104, implemented
in accordance with the present  invention, is shown on the boundary area
between sector 1 106 and sector 2 108. WT 104 may  receive signals, e.g.,
one or more beacon signals, from adjacent sector base station transmitters
without the WT 104 having to change its receiver's frequency band setting.
Received information from its own current and adjacent sector base station
transmitters may be used by  WT 104 when malting handoff decisions. Figure 2
shows three exemplary cells, (Cell 1, Cell 2, Cell 3) in an exemplary
wireless  communications system 200 in accordance with the present
invention. Each cell includes a base  station and 3 sectors, each of the
three sectors uses a different carrier frequency (fl, f2, f3) and
corresponding frequency band for ordinary communications with wireless
terminals within the  particular sector. The same three carrier frequencies
fl, f2, f3, and bandwidth associated with  



each carrier is reused in each of the cells. Cell 1 202 includes base
station 1 (BS 1) 208 and 3  sectors (sector 1 214, sector 2 216, sector 3
218) using carrier frequencies (fl, f2, f3), respectively. Cell 2 204
includes base station 2 (BS2) 210 and 3 sectors (sector 1 220, sector 2
222, sector 3 224) using carrier frequencies (fl, f2, f3), respectively.
Cell 3 206 includes base  station 3 (BS3) 212 and 3 sectors (sector 1 226,
sector 2 228, sector 3 230) using carrier  frequencies (f1, f2, f3),
respectively. Figure 2 also includes an exemplary wireless terminal (WT)
232, implemented in accordance with the present invention. The WT is
situated on the boundary  between sector 1214 of cell 1 202 and sector 2 222
of cell 2 204. WT 232 may receive signals,  e.g., one or more beacon signals
transmitted to the frequency band, used in cell 1 sector 1  corresponding to
carrier f1, from adjacent sector base station transmitters from its own cell
and/or adjacent cells without the WT 232 having to change its receiver's
frequency band setting jl from the band corresponding to carrier frequency
fr. Received information from its own current  and adjacent sector base
station transmitters maybe used by WT 232 when making handoff  decisions,
Handoffs of WT 232 may be performed between different base station sectors
of  different cells or between different base station sectors of the same
cell in accordance with the  methods of the present invention. WO
2005/039094 PCTI11S2004/034305  _9_ The total frequency band of the Fig. 2
example is subdivided into 3 frequency bands  (slots) situated contiguously.
The frequency bands are the same size in each sector. In general,  the total
frequency band need not be identical in each sector, and the frequency bands
(slots)  may be disjoint and need not be identical in each sector. In some
embodiments, the BSs 208,  210,212 transmit beacon signals, e.g., high power
broadcast signals. In some embodiments, the.  beacon signal transmission in
each sector, when scheduled, may alternate between the 3  frequency ranges
(bands) over time. In other embodiments, the base station transmits beacon
signals in more than one of the carrier frequency bandwidth ranges (bands)
with beacons being  transmitted in multiple frequency bands from sector
transmitter at the same time. Figure 3 shows three graphs 302, 304, 306
indicating exemplary base station sector  transmission signaling vs
frequency. The exemplary signaling may be transmitted in a cell such  as the
exemplary cell 100 shown in Figure 1 or in any of the exemplary cells (202,
204, 206)  shown in Figure 2. 



The top graph 302 of Figure 3, shows signaling from base station sector 1
transmitter.  The graph 302 is a composite of signals which may be
transmitted at different times, e.g., during  different symbol transmission
periods. First frequency band 310 which is centered around  carrier
frequency f1 is used for transmitting signals and information to wireless
terminals in  sector 1 as indicated by the label ordinary signaling 319.
Periodically, e.g., when not  transmitting data, e.g., ordinary signals, the
transmitter in sector 1 transmits a beacon signal } SIFT (Sector 1 carrier
Frequency 1) 320 within the first frequency band. This frequency may be  a
fixed offset from the first carrier frequency and can be used by the
wireless terminals to  identify and synchronize with the carrier frequency
being used in the first sector. To provide  information to WTs in
neighboring sectors where carrier f2 is used, periodically, the first sector
transmitter transmits a beacon signal S 1F2 322 at a predetermined frequency
within the second  frequency band 312 corresponding to the second carrier
frequency f2. This signal can be  detected by WTs in the adjacent sector
without those terminals having to adjust their receiver  frequency from the
band 312 associated with carrier f2 to another band, e.g,, the first
frequency  band 310 used in sector 1. In addition, to provide information to
WTs in neighboring sectors  where carrier f3 is used, periodically, the
first sector transmitter transmits a beacon signal S 1F3  324 at a
predetermined frequency within the third frequency band 3 14 corresponding
to the third Ii carrier frequency f3. This signal can be detected by WTs in
adjacent sectors where the third WO 2005/039094 PCT/US2004/034305  -10
frequency band is used without those terminals having to adjust their
receiver frequency from  the third frequency band 314 to another band, e.g.,
the first frequency band 310 used in sector 1.  The middle graph 304 of
Figure 3, shows signaling from base station sector 2 transmitter. The graph
304 is a composite of signals which may be transmitted at different  times,
e.g., during different symbol transmission periods. Second frequency band
312 which is  centered around carrier frequency f2 is used for transmitting
signals and information to wireless  terminals in sector 2 as indicated by
the label ordinary signaling 331. Periodically, e.g., when  not transmitting
data, e.g., ordinary signals, the transmitter in sector 2 transmits a beacon
signal  S2F2 (Sector 2 carrier Frequency 2) 332 within the second frequency
band 312. This frequency  may be a fixed offset from the second carrier
frequency and can be used by the wireless  terminals in sector 2 to identify
and synchronize with the carrier frequency being used in the  second sector.
To provide information to WTs in neighboring sectors where carrier f1 is
used,  



periodically, the second sector transmitter transmits a beacon signal S2F1
330 at a  predetermined frequency within the first frequency band 310
corresponding to the first carrier  frequency fl, This signal can be
detected by WTs in the adjacent sector which uses the first  carrier
frequency without those terminals having to adjust their receiver frequency
to another  band, e.g., the second frequency band 312 used in sector 2. In
addition, to provide information  to WTs in neighboring sectors where
carrier f3 is used, periodically, the second sector transmitter  transmits a
beacon signal S2F3 334 at a predetermined frequency with the third frequency
band  314 corresponding to the third carrier frequency f3. This signal can
be detected by WTs in  adjacent sectors where the third frequency band is
used without those terminals having to adjust  their receiver frequency to
another band, e.g., the second frequency band 312 used in sector 2. The
bottom graph 306 of Figure 3, shows signaling from base station sector 3
transmitter. The graph 306 is a composite of signals which may be
transmitted at different  times, e.g., during different symbol transmission
periods. Third frequency band 314 which is  centered around carrier
frequency f3 is used for transmitting signals and information to wireless
terminals in sector 3 as indicated by the label ordinary signaling 343.
Periodically, e.g., when  not transmitting data, e.g., ordinary signals, the
transmitter in sector 3 transmits a beacon signal  S3F3 (Sector 3 carrier
Frequency 3) 344 within the third frequency band. The frequency of this
beacon signal may be a fixed offset from the third carrier frequency and can
be used by the  wireless terminals in sector 3 to identify and synchronize
with the carrier frequency being used WO 20051039094 PCTIUS2004/034305  -11
in the third sector. To provide information to WTs in neighboring sectors
where carrier f1 is  used, periodically, the third sector transmitter
transmits a beacon signal S3F1 340 at a  predetermined frequency within the
first frequency band 310 corresponding to the first carrier  frequency f1.
This signal can be detected by WTs in the adjacent sector which uses the
first  carrier frequency without those terminals having to adjust their
receiver frequency to another  band, e. g., the third frequency band 314
used in sector 3. In addition, to provide information to  WTs in neighboring
sectors where carrier f2 is used, periodically, the third sector transmitter
transmits a beacon signal S3F2 342 at a predetermined frequency with the
second frequency  band 312 corresponding to the second carrier frequency f2.
This signal can be detected by WTs  in adjacent sectors where the second
frequency band is used without those terminals having to  adjust their
receiver frequency to another band, e.g., the third frequency band 314 used
in sector  



3. Each beacon signal can uniquely identify the carrier associated with the
sector from  which the beacon signal originated. In Figure 3, the nine
exemplary beacon signals shown are at  different frequencies. Thus, it is
possible to match a frequency of a detected beacon signal to a  frequency
from a set of known beacon frequencies to determine which sector transmitter
was the  source of a particular detected beacon signal. In accordance with
the invention, a wireless terminal, e.g., mobile node, may receive the
beacon signals from its own base station sector transmitter and different,
e.g., adjacent, base  station sector transmitters. The beacon signals are
received within the same frequency band that  the wireless terminal
currently uses for ordinary signaling, e.g., data and/or control signaling
thereby avoiding requiring the WT to switch frequency bands. The WT makes
beacon signal  strength, e.g., power, measurements, These measurements may
be in addition to frequency e.g.,  tone, measurements. Comparisons of the
strength of different received beacon signals, from  different base station
sector transmitters are used to decide when to make a handoff to a carrier
frequency, used by an adjacent sector, to supply information to wireless
terminals within the  adjacent sector. The beacon signal comparison also
indicates to the wireless terminal which  carrier frequency that the
wireless terminal should use for ordinary signaling following the hand- off.
In some embodiments, this carrier frequency is determined to be the carrier
frequency for  ordinary signaling used by the base station sector
transmitter which transmitted the stronger of  the received beacon signals.
WO 2005/039094 PCT/US2004/034305  -12 Consider for example, the wireless
terminal 104 shown in Figure 1, which is operating in  sector 1, and is
therefore using carrier frequency f1 and its associated bandwidth 310 for
ordinary  signaling, e.g., receiving information from the base station.
However, it is also monitoring for  beacon signals within the frequency band
310 corresponding to carrier frequency f1. Refer to the  left portion of
Figure 3, showing the signaling transmitted by the BS in each of the three
sectors  in the first frequency band 310 corresponding to carrier f1. The
wireless terminal 104 compares  the received strength of beacon signal 320
from sector 1, with the received strength of adjacent  sector beacon signals
330 and 340 which are also detected within the first frequency band 310.  As
the wireless terminal nears the boundary separating sector 1 and sector 2,
the reception it 



strength of beacon signal S2F1 330 within the first frequency band
transmitted by the BS sector  2, increases in strength relative to the
received signal strength from the sector 1 beacon signal  S1F1 320. At some
point, based upon this comparison of received beacon signal strengths and
criteria within the wireless terminal, the wireless terminal will initiate a
hand-off to carrier  frequency f2, the frequency used for ordinary signaling
in sector 2. The wireless terminal knew  to switch to carrier frequency f2
and not carrier frequency f3 based upon a known pre-determined
understanding between the base station and wireless terminals, e.g., based
upon the beacon tone  position in the frequency domain of the stronger
received beacon signal. Signaling from each sector of the same cell may be
timing synchronized with respect to  one another. In some embodiments, there
is a fixed time offset between the transmissions of  beacon signals by
adjacent sector transmitters of the same cell to a given carrier band. In
some  embodiments, there is a fixed time offset between the transmissions of
beacon signals by a given  sector transmitter to different carrier bands.
The same or a similar method of the invention, described with respect to
handoffs at  sector boundaries, is also used with respect to handoffs at
cell boundaries as in the case of the  wireless terminal 232 shown in Figure
2 situated on a cell boundary. In such a case, the handoff  is from the
sector of one cell to the sector of another cell. In regard to cells, the
location of the  beacon may also be used to convey cell information, e.g" a
cell identifier such as a slope  identifier. Different cells may use
different predetermined frequencies for beacon signals.  Changes in beacon
signals over time and/or the tone locations of beacon signals may be used to
carry cell identification information, e.g., slope information, and/or
sector identification WO 2005/039094 PCT/US2004/034305  -13 information,
e.g., sector type. In one embodiment, the changes in the beacon signal are
changes  in the beacon location via a hopping pattern on the tones which may
indicate a slope used as a  cell identifier that corresponds to a cell.
Figure 4 shows an example where two different adjacent cells have a slight
variation in  beacon frequency location designations in the same sector,
exemplary sector 1, to provide  beacon signal identification to a sector and
cell level. For example, drawing 402 may  correspond to signals transmitted
from BS1 208 sector 1 214 of cell 1 202 transmitter of Figure  2, while
drawing 404 may correspond to signals transmitted from BS2 210 sector 1 220
of cell 2  204 transmitter of Figure 2. Drawing 402 includes a bandwidth
associated with carrier  



frequency f1406, a bandwidth associated with carrier frequency f2408, and a
bandwidth  associated with carrier frequency f3 410. Within bandwidth for
carrier f1406, the BS 1 sector 1  transmitter transmits a beacon signal 412
and ordinary signaling 414, e.g., user data and control  signals. Within
bandwidth for carrier f2 408, the BS 1 sector 1 transmitter transmits a
beacon  signal 416. Within bandwidth for carrier f3 410, the BS 1 sector I
transmitter transmits a beacon  signal 418. The various signals 412, 414,
416, and 418 may be transmitted at different times,  e.g., with the ordinary
signaling 414 being transmitted most of the time, and a beacon signal,  from
the set of beacon signals including 412, 416, 418, being transmitted
occasionally in a  predetermined sequence on a periodic basis in place of
the ordinary signaling 414. Ordinary  signaling 414 includes user data
including at least one of voice, text, and user application data.  Beacon
signals 412, 416, and 418 convey transmitter information but no user
specific  information. Drawing 404 includes a bandwidth associated with
carrier frequency f1406, a  bandwidth associated with carrier frequency f2
408, and a bandwidth associated with carrier  frequency f3 410. Within
bandwidth for carrier f1406, the BS 2 sector 1 transmitter transmits a
beacon signal 420 and ordinary signaling 422, e.g., user data and control
signals. Within  bandwidth for carrier f2408, the BS 2 sector 1 transmitter
transmits a beacon signal 424. Within  bandwidth for carrier f3 410, the BS
2 sector 1 transmitter transmits a beacon signal 426. The  various signals
420, 422, 424, and 426 may be transmitted at different times, e.g., with the
ordinary signaling 422 being transmitted most of the time, and a beacon
signal, from the set of  beacon signals including 420, 424, 426, being
transmitted occasionally in a predetermined  sequence on a periodic basis in
place of the ordinary signaling 422. Beacon signals 412 and 420  within the
same band 406 are at different frequency locations allowing a wireless
terminal  receiving the beacon signal to distinguish between the two cells.
Beacon signals 416 and 424 WO 2005/039094 PCTFUS20041034305  -14 within the
same band 408 are at different frequency locations allowing a wireless
terminal  receiving the beacon signal to distinguish between the two cells.
Beacon signals 418 and 426  within the same band 410 are at different
frequency locations allowing a wireless terminal  receiving the beacon
signal to distinguish between the two cells. The two cells need not be, and
generally are not, timing synchronized with respect to one  another,
Therefore, in inter-cell handoff operations, the wireless terminal may need
to perform  timing synchronization operations, e.g., they make symbol
transmission timing adjustments  



based on one or more signals received over the air from the new cell, before
transmitting user  data, e.g., text or voice data. Beacon signals or other
broadcast signals may be used in achieving  coarse timing synchronization
and minimizing break time during handoff operations in 4 accordance with the
present invention. Figure 5 shows a drawing 500 of exemplary signaling from
two base station sector  transmitters, e.g., adjacent base station sector
transmitters of the same cell base station, in  accordance with the methods
of the present invention. Drawing 502 is a plot of base station  sector 1
transmitter signaling into the carrier fl frequency band on the vertical
axis 514 vs time  on the horizontal axis 516. Drawing 504 is a plot of base
station sector I transmitter signaling  into the carrier f2 frequency band
on the vertical axis 518 vs time on the horizontal axis 520.  Drawing 506 is
a plot of base station sector 1 transmitter signaling into the c airier f3
frequency  band on the vertical axis 522 vs time on the horizontal axis 524.
Drawing 508 is a plot of base  station sector 2 transmitter signaling into
the carrier ft frequency band on the vertical axis 526 vs  time on the
horizontal axis 528. Drawing 510 is a plot of base station sector 2
transmitter  signaling into the carrier f2 frequency band on the vertical
axis 530 vs time on the horizontal axis  532. Drawing 512 is a plot of base
station sector 2 transmitter signaling into the carrier f3  frequency band
on the vertical axis 534 vs time on the horizontal axis 536. In the
exemplary  signaling plots (502, 504, 506, 508, 510, 512) the time axes
(516, 520, 524, 528, 532, 536) are  the same. In exemplary plots (502, 504,
506, 508, 510, 512) ordinary signaling which includes  user data is
represented by wide low height rectangles, while beacon signaling including
transmitter information but no user specific data is represented by narrow
high rectangles. User  data includes at least one of voice, text, and user
application data. Beacon signals are signals  which concentrate at least 60%
of the sector transmitter power on tones occupying less than 1/5  of the
frequency band. WO 2005/039094 PCT/US2004/034305  -15 The sector 1 base
station transmitter sequentially transmits: beacon signal 538 into the fl
frequency band, ordinary signaling 540 into the fi frequency band, a beacon
signal 542 into the  f2 frequency band, ordinary signaling 544 into the fl
frequency band, a beacon signal 546 into  the f3 frequency band, and
ordinary signaling 548 into the f1 frequency band. This sequence of
signaling type and band of transmission corresponding to signaling set (538,
540, 542, 544, 546,  



548) repeats as illustrated by signaling set (538', 540', 542', 544', 546',
548'), followed by  signaling set (538", 540", 542", 544", 546", 548"). The
sector 2 base station transmitter transmits sequentially: ordinary signaling
547 into  the f2 frequency band, a beacon signal 548 into the fl frequency
band, ordinary signaling 550  into the f2 frequency band, a beacon signal
552 into the f2 frequency band, ordinary signaling  554 into the f2
frequency band, a beacon signal 556 into the f3 frequency band, and ordinary
signaling 558 into the f2 frequency band. This sequence of signaling type
and band of  transmission corresponding to signaling set (548, 550, 552,
554, 556, 558) repeats as illustrated  by signaling set (548', 550', 552',
554', 556', 558'), followed by signaling set (548", 550", 552",  554", 556",
558"). The first and second base station transmitters are in the same cell
and there is a fixed  timing offset between the first sector base station
transmitter transmitting a beacon signal into  the f2 band and the second
sector base station transmitter transmitting a beacon signal into the fl
frequency band. The timing relationship between beacon signals 548 and 542
is shown as  interval 560 while the timing relationship between beacon
signals 542 and 548' is shown as  interval 562. In some embodiments, the
timing synchronization between sector transmitters of  the same cell is such
that beacon signals are transmitted by different sector transmitters at the
same time. The time interval comprising the composite of the intervals
corresponding to signaling  538, 540, 544, and 548 is a first period of time
in which the first sector base station transmitter is  operated to transmit
in a first frequency band, the fl band, while not transmitting into the
second  frequency band, the f2 band. The time interval corresponding to
beacon signal 542 is a second  period of time in which the first sector base
station transmitter is operated to transmit into the  second frequency band,
the f2 band, and the first sector base station transmitter does not transmit
WO 2005/039094 PCT/US2004/034305  -16 into the first frequency band, the f1
band. The second period of time is at least less than one fifth  the first
period of time. In some embodiments, the second period of time is less than
1/20 the  first period of time. The operations repeat as illustrated by
signaling 538', 540', 544' and 548' in  the f1 band, and signaling 542' in
the f2 band. The time interval comprising the composite of the intervals
corresponding to signaling  550, 552, 554, and 558 is a third period of time
in which the second sector base station  



transmitter is operated to transmit in the second frequency band, the f2
band, while not  transmitting into the first frequency band, the f1 band.
The time interval corresponding to  beacon signal 548 is a fourth period of
time in which the second sector base station transmitter is  operated to
transmit into the first frequency band, the f1 band, and the second sector
base station  transmitter does not transmit into the second frequency band,
the f2 band. The fourth period of  time is at least less than one fifth the
third period of time. In some embodiments, the fourth  period of time is
less than 1/20 the third period of time. The operations repeat as
illustrated by  signaling 550', 552', 554' and 558 in the f2 band, and
signaling 548' in the f1 band. If the two base station transmitters were
from adjacent cells, the signaling would be  similar; however, the timing
between two transmitters would not necessarily be synchronized.  Figure 6
shows an exemplary communications system 600 implemented in accordance with
the present invention which utilizes the methods of the present invention,
The exemplary  system includes a plurality of cells (cell 1 602, cell M
604). Each cell represents the wireless  coverage area for an access node,
e.g., a base station. Cell 1 602 corresponds to base station 1  606 and cell
M 604 corresponds to base station M 608. Each cell is subdivided into a
plurality  of sectors. The exemplary system shows a 3 sector embodiment;
however, in accordance with  the invention, cells with less or more than 3
sectors are also possible. The exemplary system  uses a different carrier
frequency in each of the sectors of a cell. In other embodiments,
frequencies may be reused by sectors within a cell, e.g., reused by those
sectors that are not  adjacent, Sector 1 uses carrier frequency fl; sector 2
uses carrier frequency f2; sector 3 uses  carrier frequency f3. The same
carrier frequencies are used in the same sectors of other cells of  the
exemplary system. In some embodiments, the carrier frequencies used in
different cells of  the system may vary slightly. In still other
embodiments, the carrier frequencies used in  different cells may be
substantially different. Cell 1 602 includes sector 1 610, sector 2 612, and
WO 2005/039094 PCT/US2004/034305  -17 sector 3 614. Cell M 604 includes
sector 1 616, sector 2 618, and sector 3 620. An exemplary  boundary region
622 is shown where cell 1 sector 1 610 overlaps with cell M sector 2 618, in
which handoff operations may occur, in accordance with the methods of the
present invention.  Handoff operations may also occur in boundary areas
between the different sectors of the same  cell, in accordance with the
methods of the present invention. The exemplary system of Figure 6 also
includes a plurality of end nodes EN1, EN N,  



e.g., wireless terminals such as mobile nodes, in each of the sectors of
each cell. The wireless  terminals are coupled to the base stations via
wireless links, If the end nodes are mobile devices,  they may move
throughout sectors and cells of the system. The end nodes may receive and
process signals, e.g., beacon signals within the same carrier band, from a
plurality of base station  sector transmitters in accordance with the
methods of the present invention. The end nodes may  use information
obtained from the plurality of base station sector transmitters in the
process of  initiating and performing handoff operations from one base
station sector attachment point to  another base station sector attachment
point, in accordance with the methods of the present  invention. Mobile
devices may sometimes be referred to as mobile communications devices or
mobile nodes. Cell 1 602 sector 1 610 includes a plurality of ENs (EN1 624,
EN N 626); cell 1  602 sector 2 612 includes a plurality of ENs (EN1628, EN
N 630); cell 1 602 sector 3 614  includes a plurality of ENs (EN1632, EN N
634). Cell M 604 sector 1 616 includes a plurality  of ENs (EN1636, EN N
638); cell M 604 sector 2 618 includes a plurality of ENs (EN1 640,  EN N
642); cell 1 604 sector 3 620 includes a plurality of ENs (EN 1644, EN N
646). The access nodes (base stations) (606, 608) are coupled to a network
node 648, e.g., a  router, via network links, (650, 652), respectively.
Network node 648 is coupled to other  network nodes and the Internet via
network link 654. Network links (650, 652, 654) may be,  e.g., fiber optic
cables. Sector boundary regions are identified as dividing lines within each
cell separating the  three sectors (610, 612, 614) or (616, 618, 620), and a
cell boundary region (622) is shown as an  overlapping area between cell 1
and cell M. As wireless terminals travel throughout the system  and approach
and/or traverse sector and/or cell boundaries handoff operations involving a
change in carrier frequency may be performed in accordance with the
invention. WO 2005/039094 PCT/US20041034305  -18 In accordance with the
invention the base stations (606, 608) periodically transmit  beacon signals
in each of three frequency bands (associated with the three carrier
frequencies fl,  f2, f3) into each sector of each cell. In accordance with
the invention, the end nodes (624, 626,  628, 630, 632, 634, 636, 638, 640,
642, 644, 646) are monitoring the beacon signals in the  frequency band of
current operation, in order to make decisions regarding inter-sector and/or
inter-cell handoffs. Figure 7 illustrates an exemplary access node (base
station) 700 implemented in  



accordance with the present invention. The base station 700 of Figure 7 may
be a more detailed  representation of any of the base stations of the system
of Figures 6, 1 or 2. The base station  700 includes a processor 702, e.g.,
CPU, a plurality of receivers, e.g., one for each sector of the  base
station 700 (sector I receiver 704, sector 2 receiver 706, ... sector N
receiver 708), a  plurality of transmitters, e.g., one for each sector of
the base station (sector 1 transmitter 710,  sector 2 transmitter 712, ...
sector N transmitter 714), an 1/0 interface 716, a clock module 718,  a
memory 720, Beacon transmitter circuits, e.g., one for each sector of the
base station (beacon  sector 1 transmitter 7102', beacon sector 2
transmitter 712', ... beacon sector N transmitter 714'),  may be included as
part of the sector transmitter in embodiments where different circuits are
used to generate beacon signals and ordinary control /user data signals.
Each base station sector  receiver (704, 706, 708) is coupled to a sector
antenna (sector 1 receive antenna 730, sector 2  receive antenna 732, sector
N receive antenna 734), respectively, and can receive signals, e.g.  uplink
signals including requests for handoffs, timing control signals, power
control signals, and  user data, from wireless terminals in the sector
covered. Each sector transmitter (710,712, 714)  transmits beacon signals
into the frequency band used for ordinary signaling in its own sector  and
into the frequency bands used for ordinary signaling by adjacent sector
transmitters in the  system. Each receiver (704, 706, 708) includes a
decoder (736, 738, 740), respectively, which  decodes received uplink
encoded signals to extract the information being communicated. Each  sector
transmitter (710, 712, 714) is coupled to a sector antenna (sector 1
transmit antenna 742,  sector 2 transmit antenna 744, sector N transmit
antenna 746), respectively, and can transmit  signals, including beacon
signals including transmitter information, and ordinary downlink  signaling
including user data, assignment signals, acknowledgement signals, and pilot
signals, in  accordance with the invention, into the sector covered. Each
sector transmitter (710, 712, 714)  includes an encoder (748, 750, 752),
respectively, for encoding downlink information prior to  transmission. In
some embodiments the base station 700 includes and uses separate receivers,
WO 2005/039094 PCT/US2004/034305  -19 transmitters, and/or antennas for each
of the sectors of the cell. In some embodiments, a base  station uses: a
single receiver with sectorized functionality to receive signals from each
of the  sectors covered by the base station, a single transmitter with
sectorized functionality to transmit  into each of the sectors covered by
the base station, and/or sectorized antennas, e.g., an antenna  with
different elements corresponding to different sectors. In some embodiments,
sector beacon  



transmitter circuits (710, 712, 714) are included and are coupled to
transmit antennas (742, 744,  746) of the corresponding sector,
respectively; the sector beacon transmitters (710', 712', 714')  are used to
transmit some or all of the beacon signaling, allowing transmission of
multiple  beacon signals into one or more cells while user data is
transmitted thus limiting disruptions in  normal ordinary signaling
transmissions by offloading some or all of the beacon transmission
functions to beacon related circuits. The base station I/O interface 716
couples the base station 700 to other network nodes,  e.g., other access
nodes (base station), routers, AAA servers, home agent nodes, and the
Internet.  1/0 interface 716 allows WTs using a BS 700 as the network
attachment point to communicate  with other WTs, e.g., peer nodes, using a
different BS as their network attachment point. Clock module 718 is used for
maintaining timing synchronization between the various  sectors covered by
the base station. Synchronization between the different sectors of the same
cell allows for beacon signals to be transmitted from different base station
sector transmitters  with fixed timing offsets between the beacon signals.
Synchronization between different sectors  of the same cell also provides
for more efficient intra-cell inter-sector handoff operations, as the  WT
involved in the handoff can, in some embodiments, omit some timing
synchronization  operations that would otherwise have been required.  Memory
720 includes routines 754 and data/information 756. The processor 702
executes routines 754 and uses the data/ information 756 in the memory 720
to control the  operation of the base station 700 including the normal
functions of scheduling, base station  power control, base station timing
control, communication, ordinary signaling, and including the  new features
of the invention including the beacon signaling and handoff operations. The
data/information 756 in memory 720 includes a plurality of sets of
data/information,  e.g., one for each sector covered by the base station
(sector 1 data/information set 776, sector N WO 2005/039094
PCT/US2004/034305  -20 data/information set 182). Sector 1 data/information
set 776 includes data 784, sector  information 786, beacon information 788,
and wireless terminal (WT) data/information 790.  Data 784 includes user
data to be transmitted to and received from wireless terminals. Sector
information 786 includes carrier information 796 and frequency band
information 798. Carrier  information 786 includes the carrier frequencies
associated with sector 1 and with adjacent  sectors in the system. Frequency
band information 786 includes bandwidth information  



corresponding to the carrier information 786. Sector information 786
identifies the carrier and  band associated with ordinary signaling within
sector 1, and the carriers and bands in which  beacon signal should be
transmitted but no user specific data. The beacon information 788 includes
tone information 701, timing information 703, tone  hopping information 705,
power information 707, and transmitter information 709. Tone  information
701 includes information associating beacon signals from sector 1
transmitter with  specific frequencies or tones. Timing information 703
includes, e.g., information identifying  beacon signal transmission timing
such as when sector 1 transmitter 710 should transmit a  beacon signal into
the fl carrier band, when sector 1 transmitter 710 should transmit a beacon
signal into the f2 carrier band, and when sector 1 transmitter 710 should
transmit a beacon signal  into the f3 carrier band. Timing information 703
also include information identifying timing  relationships between beacon
signals, e.g., timing relationships and sequences between beacon  signals
transmitted by sector 1 transmitter 710 and timing relationships between
beacon signals  transmitted by adjacent sector transmitters, e.g., sector 1
transmitter 710 and sector 2 transmitter  712. Tone hopping information 705,
e.g., information used to generate hopping sequences used  for the beacon
signals, e.g., when the tone or set of tones of a beacon corresponding to
sector I  transmitter in a specific frequency band may change as a function
of time. Power information  707 includes transmission power level
information for each of the beacon signals that are  transmitted by the
sector 1 transmitter. In some embodiments, the base station sector
transmitter  concentrates at least 60% of the sector transmission power on
the tones of the beacon signal.  Transmitter information 709 includes
information conveyed by the beacon signals associating  the beacon signal
with a specific base station sector transmitter, e.g., a base station sector
transmitter identifier. WT data/info 790 includes a plurality of WT
data/information sets for each WT: WT 1  data/info 792, WT N data/info 794,
WT 1 datalinfo 790 includes user data 711, terminal ID WO 2005/039094
PCT/11S2004/034305  21 information 713, sector ID information 715, mode
information 717, dedicated resource  information 719, and handoff messages
721. User data 711, e.g., data to/from peer nodes of WT  1 in a
communications session with WT1 includes voice data 723, text data 725,
and/or user  application data 727. Terminal ID information 713 includes
information associating the WT to  the base station such a sector 1 base
station assigned identifier. Sector ID information 715  



includes information identifying the sector in which WT 1 is currently
attached and associating  WT 1 to a specific carrier frequency used for
ordinary signaling by the identified attachment  point sector transmitter,
e.g., sector 1 transmitter. Sector ID information 715 also includes
information identifying a sector to which WTI has requested as a new
attachment point in a  handoff request. Mode information 717 includes
information identifying the state of operation  of WT 1, e.g., ON, Hold,
Sleep, Access, etc. Dedicated resource information 690, e.g., downlink and
uplink segments, includes traffic channel segments which have been allocated
to  WT 1 by scheduler module 766. Handoff messages 721 includes information
related to handoff  operations, e.g., a handoff request message from WTI in
response to received, measured and  compared beacon signals from a plurality
of base station sector transmitters. Routines 754 includes a plurality of
sets of routines, e.g., one for each sector covered by  the base station
(sector 1 routines 758, ..., sector N routines 760). Routines 758 include
communications routines 762, and base station control routines 764. The
communications  routines 762 implement the various communications protocols
used by the base station. The  base station control routines 764, using
data/information 756, control base station sector 1  operation including the
receiver 704, transmitter 710, optional beacon transmitter 722, I/O
interface 716, scheduling, ordinary control and data signaling, beacon
signaling, and handoff  operation, in accordance with the present invention.
Base station control routines 764 includes a  scheduler module 766 and
signaling routines 768. Signaling routines 768 includes beacon  routines
770, ordinary signaling routines 772, and handoff routines 774. Scheduler
module 659,  e.g., a scheduler, schedules air link resources, e.g. bandwidth
over time in the form of segments,  to wireless terminals for uplink and
downlink communications. Signaling routines 768 control; the receiver, the
decoder, the transmitter, the encoder,  ordinary signal generation, beacon
signal generation, data and control tone hopping, signal  transmission,
signal reception, and handoff signaling. The beacon routines 770 uses the
data/information 756 including beacon information, e.g., sector 1 beacon
info 788, to control the WO 2005/039094 PCT/US2004/034305  -22 generation
and transmission of beacon signals in accordance with the invention. In
accordance  with the invention, beacon signals may be transmitted by each
sector transmitter in each of the  carrier frequency bands identified as
used by that sector for ordinary signaling or by an adjacent  sector in the
system for ordinary signaling. In accordance with some embodiments of the  



invention, when a beacon signal is transmitted by a sector transmitter into
a different frequency  band than the frequency band that it uses for
ordinary signaling, then ordinary signaling by that  base station sector
transmitter is suspended during that time interval corresponding to the
beacon  signal. In some embodiments, the beacon signals from sector 1 of the
base station 700 are  transmitted through the sector transmitter 710. In
other embodiments, some or all of the beacon  signals from sector 1 of BS
700 may be transmitted by the beacon transmitter 722. Ordinary signaling
routines 772 control operation of ordinary downlink and uplink  signaling.
Ordinary downlink signaling includes pilot signals, assignment signals,
acknowledgment signals, other control signals, and downlink traffic channel
signals. Downlink  traffic channel signals include user specific signals,
e.g., signals conveying user data 711 to a  specific WT. Handoff routines
774 control the handoff signaling, e.g., handoff messages 721, being
transmitted from and received by base station 700 sector 1. Although the
routines 758 and data/information 756 have been shown in Figure 7 on a  per
sector basis, in some embodiments, some of the functions, routines, modules,
and/or  information may be shared between sectors. For example,
communication routines and  functions related to the operation of I/O
interface 702 may be common and shared between the  sectors. Figure 8
illustrates an exemplary wireless terminal (end node) 800 such as a mobile
node, implemented in accordance with the present invention. The wireless
terminal 800 of  Figure 8 may be a more detailed representation of any of
the end nodes of the system of Figure  6, 1 or 2. The exemplary wireless
terminal 800 includes a receiver 802, a transmitter 804, a  processor 806,
e.g., CPU, user I/O devices 808, and memory 810 coupled together via a bus
812 WO 2005/039094 PCT/US2004/034305  -23 over which the various elements
can interchange data and information. The receiver 802  including a decoder
814 is coupled to an antenna 816 over which the wireless terminal 800 may
receive signaling including beacon signaling transmitted from a plurality of
base station sector  transmitters within the same carrier band in accordance
with the invention. In exemplary WT  800, receiver 802 may be tuned to one
carrier band at a time. The decoder 814 in the receiver  802 may decode
ordinary signaling and use error correction coding processes to attempt to  



recover information overwritten or interfered with by beacon signaling. The
transmitter 804 is  coupled to an antenna 820 and may transmit signaling and
information to the base station  including requests to initiate a handoff to
another sector which uses a different carrier frequency.  User I/O devices
808, e.g., keyboard, keypad, mouse, microphone, display, and/or speaker
allow  the user of WT 800 to enter user data intended for peer nodes and
output received user data  sourced from peer nodes. The wireless terminal's
memory 810 includes routines 822 and  data/information 824. The processor
806 executes the routines 822 and uses the  data/information 824 in memory
810 to control the operation of the wireless terminal 800  including
implementing the beacon related functions of the present invention. Wireless
terminal data/information 824 includes user data 826 such as data
information  and files intended to be sent to/ or received from a peer node
in a communications session with  the wireless terminal 800. User data 826
includes received voice, text, and/or user application  data received as
part of the ordinary downlink signaling in downlink traffic channel
segments.  User information 828 includes terminal ID information 832, base
station ID information 834,  sector ID information 836, mode information
838, identified beacon information 840, resource  information 842, and
handoff information 844. The terminal ID information 832 may be an
identifier, assigned to the WT 800 by the base station sector to which the
WT is coupled, that  identifies the wireless terminal 800 to the base
station sector, Base station ID information 834  may be, e.g., a value of
slope associated with the base station and used in hopping sequences  that
identifies the base station among a plurality of base station within the
communications  system. Sector ID information 836 includes information
identifying the sector ID of the  sectorized base station's
transmitter/receiver through which ordinary signaling is being
communicated, and corresponds to the sector of the cell in which the
wireless terminal 800 is  located. Mode information 838 identifies the
current state of the wireless terminal 800, e.g.,  on/hold/sleep/access,
etc. Identified beacon information 840 may include: information on each  of
the beacon signals that have be received and measured, e.g., cell/sector ID,
signal strength WO 2005/039094 PCT/US2004/034305  24 level, filtered signal
strength level, and carrier frequency associated with ordinary signaling in
the sector from which the beacon signal was transmitted. Identified beacon
information 840  may also include information comparing adjacent sector
beacons to the current WT sector  beacon, information comparing measured
beacon signals and/or information derived from  



measured beacon signals to handoff criteria. Resource information 842
includes information  identifying segments allocated to WT 800 including
downlink traffic channel segments used to  convey ordinary signals including
user data 826 from a base station sector transmitter to specific  WT 800.
Handoff information 844 includes request information messages from WT 800 to
initiate a handoff, e.g., based upon the comparison of received beacon
signals from a plurality of  base station sector transmitters. Wireless
terminal system information 832 includes timing information 846, beacon ID
information 848, handoff criteria information 850, and cell/sector ID
information 852. Timing  information 846 includes OFDM transmission timing
information including information  defining: (i) an OFDM symbol transmission
interval, (ii) grouping of OFDM symbol intervals  such as slots, superslots,
beaconslots, and ultra slots, intervals between beacon signals, (iii)
beacon signals transmission timing with respect to ordinary signaling,
and/or (iv) fixed timing  relationships between beacon signals from
different sector transmitters within the same cell.  The beacon ID
information 848 may include information, e.g., look-up tables, equations,
etc,  associating specific sector/cell beacons in the communication system
to specific frequencies in  specific carrier bands, allowing the WT 800 to
identify the source base station sector transmitter  of each received beacon
signal. Handoff criteria 850 may include threshold limits used by the
wireless terminal 800 to trigger a hand-off request to an adjacent
sector/cell, e.g., a minimum  threshold on the strength level of the beacon
signal from the adjacent sector and/or a threshold  level on the comparative
strength of the adjacent sector received beacon signal with respect to  the
WT's own sector received beacon signal strength. Cell/sector ID information
852 may  include information used to construct hopping sequences used in the
processing, transmission,  and reception of data, information, control
signals, and beacon signals. Cell sector ID  information 852 includes
carrier information 854 which includes information associating each
sector/cell of the base stations in the communications system with a
specific carrier frequency,  bandwidth, and set of tones. WO 2005/039094
PCT/US2004/034305  -25 Routines 822 include communications routine 856 and
wireless terminal control routines  858. The wireless terminal control
routines 858 include signaling routines 860. Signaling  routines 860 include
beacon routines 862 and ordinary signaling module 864. Wireless terminal
communications routine 856 implements the various communication  



protocols used by the wireless terminal 800. Wireless terminal control
routines 858 perform the  basis control functionality of the wireless
terminal 800 including power control, timing control,  signaling control,
data processing, I/0, and control of the beacon related functions of the
invention. The signaling routines 860, using the data/ information 824 in
memory 810, control  the operation of the receiver 802 and transmitter 804.
The beacon routines 862 include a beacon  processing an identification (ID)
module 866, a beacon strength measurement module 868, a  beacon signal
comparison module 870, and a handoff module 872. The beacon processing and
ID module 866 , using the system information 832 including beacon ID
information 848 and  cell/sector ID information 852, identifies a received
beacon signal and stores the information in  the user's identified beacon
info 840. The beacon signal strength measuring module 868  measures the
signal strength of a received beacon signal and stores the information in
the user's  identified beacon information 840. The beacon comparison module
870 compares identified  beacon information in order to determine when to
initiate a handoff to an adjacent sector/cell.  The beacon comparison module
870 may compare individual beacon signal strength levels to  minimum
threshold levels in the handoff criteria 850. The beacon comparison module
may  compare relative signal strength levels between a WT's own current
sector attachment point  beacon signal and an adjacent sector/cell beacon
signal. The beacon comparison module may  compare the relative strength
level difference measurements to threshold levels in the handoff  criteria
850. The handoff module 872, when triggered by output from the beacon
comparison module  870, may generate signaling to initiate an inter-sector
and/or inter-cell handoff. The new carrier  frequency to be used following
hand-off having been previously identified in accordance with  the
invention. In some embodiments, a base station may not transmit beacon
signals corresponding to  each of the system frequency bands into a given
sector, In some embodiments, a base station  may limit the beacon signals
transmitted into a given sector to a subset corresponding to the WO
2005/039094 PCT/11S2004/034305  -26 frequency bands used by its own sector
and adjacent sectors for ordinary signaling. In some  embodiments, a base
station may limit the beacon signals transmitted into a given sector to a
subset corresponding to the frequency bands used in adjacent sectors for
ordinary signaling. Although shown for an exemplary communications system
with bandwidth divided  



between 3 carrier slots (frequency bands), the invention is applicable to
other communications  systems in which the same frequency band is not used
everywhere in the system. In some embodiments, various features of elements
of the invention may be implemented  in part of a communications system and
not implemented in other parts of the system. In such an embodiment, the
wireless terminals, implemented in accordance with the invention, may
utilize the beacon signaling features and method of the invention when
available in malting  decisions regarding inter-sector and/or inter-cell
handoff, and may use known hand-off  techniques otherwise. Figure 9 is a
flowchart 900 of an exemplary method of operating base station  transmitters
in a wireless communications system to transmit signals into different
frequency  bands, in accordance with the present invention. Operation starts
in step 902, where the base  station transmitters are powered on and
initialized. Operation proceeds from step 902 to steps  904 and steps 908 in
parallel, In step 904, a first base station transmitter is operated to
transmit,  e.g., user data including voice, text and/or images, into a first
frequency band during a first  period of time. During the first period of
time said first base station transmitter does not  transmit into a second
frequency band. Operation proceeds from step 904 to step 906. In step  906,
the first base station transmitter is operated to transmit, e.g., a beacon
signal, into a second  frequency band during a second period of time, said
second period of time being less than said  first period of time, e.g.,
l/Nth the first period of time where N is a positive value greater than 2,
e.g., 3, 5, 10, 20, 100 or some other value depending on the particular
embodiment. In some  embodiments the second period of time is at least less
than one fifth said first period of time. In  other embodiments, the second
period of time is less than 1/10 the first period of time and in still
other embodiments the second period of time is less than 1/100 the first
period of time. In some  embodiments the first and second frequency bands
are the same size. As a result of the  relationship between the first and
second time periods, the first transmitter transmits into the first
frequency band more than the second frequency band, e.g., 20, 50, 100, or
more times. In some WO 20051039094 PCT/US2004/034305  -27 embodiments, the
first base station transmits, e.g., user data or other signals, in to the
first  frequency band during all or a portion of said second time period.
This occurs, when performed,  in optional step 907. Operation proceeds from
step 906 or 907, depending on the embodiment,  back to step 904, and the
sequence of steps 904, 906 and optional 907 is repeated, e.g., with  



steps 904 and 906 being performed at periodic intervals. In some
implementations, in step 906,  the first transmitter transmits 60 percent of
the transmitted power on one or more tones  occupying less than one fifth of
the second frequency band. In the same or other embodiments,  in step 906
the first base station transmitter transmits into the second frequency band
a tone with  at least 20 times the average per tone power used to transmit
tone in a preceding 1 second time  interval. Step 904 may involve
transmitting user data such as voice, text and user application  data, into
the first frequency band on a plurality of tones. In some embodiments, each
of steps 904 and 906 involve transmitting at least one  OFDM signal
including at least one complex symbol. In some embodiments step 906 includes
operating the first transmitter to transmit at least two OFDM symbols. In
some  implementations, the number of tones used in step 906 to transmit into
the second frequency  band is less than 3. The information transmitted in
step 906 into the second frequency band, in  some implementations is
transmitter data that is transmitted using at least M times the amount of
power on at least one tone than the first base station transmitter transmits
on any one tone used  to transmit user data during the first period of time,
where M is a positive integer greater than 2,  e.g., 3, 5, 6, 10, 20. 50 or
some other number. The first transmission time period includes, in  some
embodiments multiple symbol transmission time periods while the second
transmission i.- time period includes at least one symbol transmission time
period in one implementation, the  first time period including more symbol
transmission time periods than said second time period.  Returning to step
908, in step 908, a second base station transmitter is operated to transmit,
e.g., user data and/or other signals, into said second frequency band during
a third  period. During the third period of time the second base station
transmitter does not transmit into  said first frequency band. The first and
third periods of time may, but need not be, the same  duration but need not
be synchronized in terms of timing. Operation proceeds from step 908 to
step 910. Instep 910, the second base station transmitter is operated to
transmit, e.g., a beacon  signal, into said first frequency band during a
fourth period of time which is less than said third  period of time. The
fourth period of time may, but need not be, the same length as said second
WO 2005/039094 PCT/US2004/034305  -28 period of time. In some embodiments
the fourth period of time is at least less than one fifth said  third period
of time. In other embodiments, the fourth period of time is less than 1110
the third  period of time and in still other embodiments the fourth period
of time is less than 1/100 the  



third period of time. Other periods, such as those discussed with regard to
the first period of  time are also possible for the third period of time.
Operation proceeds from step 910 back to  step 908, or to optional step 911
in the case where user data is transmitted into the second  frequency band
by the second transmitter for at least a portion of the fourth period of
time. The  sequence of steps 908 and 910 is repeated, e.g., at periodic
intervals. Step 908 may involve the  transmission of user data such as
voice, text, image data, etc. In some but not all embodiments, during the
second period of time, said first base station  transmitter does not
transmit into said first frequency band. In some embodiments, the second
period of time is less than one twentieth said first period of time. In some
embodiments, said  first and second frequency bands are the same size. In
some embodiments, wherein the first and  second frequency bands are the same
size, the method includes operating the first base station  transmitter to
transmit into the second frequency band during a second period of time
wherein  transmitting into the second frequency band, depending on the
particular embodiment includes  concentrating at least 5, 10, 20, 30, 40, 50
or 60 percent of the transmitted power on one or more  tones occupying less
than one fifth of the second frequency band. In some embodiments, the  power
transmitted on one tone of the second frequency band during the second
period of time  includes at least twice the power transmitted by the
transmitter on any other tone in the second  frequency band during said
second period of time. In some embodiments, the operation of step 904 of
operating the first base station  transmitter to transmit into a first
frequency band includes transmitting user data into said first  frequency
band. The user data includes, e.g., at least one of voice, text, and user
application  data. In some embodiments, step 906 of operating the first base
station transmitter to transmit  into a second frequency band during a
second period of time includes transmitting transmitter  information but no
user specific data. In many embodiments steps 904 and step 906 each  include
operating the first base station transmitter to transmit at least one OFDM
symbol  including at least one complex symbol. WO 2005/039094
PCT/U52004/034305  -29 In many embodiments, the number of complex symbols
transmitted in said second period  of time is less than one tenth the number
of complex symbols transmitted in said first period of  time, In various
embodiments, during said fourth period of time, said second base station  



transmitter does not transmit into said second frequency band. In some
embodiments, the  second base station transmitter transmits user data, e.g.
at least some voice or text data, during  said third period of time. In some
embodiments, the second base station transmitter transmits  base station
information, e.g., cell and sector identification information, during said
fourth  period of time but no user data. In some embodiments, the first and
second base station transmitters are in physically adjacent cells. In some
embodiments, the first and second base  station transmitters are in the same
cell and there is a fixed timing offset between performing  step 906, using
the first base station transmitter, and step 910 using the second base
station  transmitter. For example, consider the following exemplary
embodiment, which uses the method of  flowchart 900. The first base station
is in a first cell and the second base station is in an adjacent  cell of
the same OFDM wireless communications system. The first base station
includes a first  base station transmitter, and the second base station
includes a second base station transmitter.  The first frequency band is the
frequency band used by the first base station for its regular  downlink
signaling, e.g., traffic channel assignment signals, downlink pilot signals,
other control  signals, and downlink traffic channel signals such as user
data to wireless terminals including at  least one of voice, text, and user
application data. The first frequency band includes a set of at  least 113
contiguous tones. The second frequency band is the frequency band used by
the  second base station for its regular downlink signaling, e.g., traffic
channel assignment signals,  downlink pilot signals, other control signals,
and downlink traffic channel signals including at  least one of voice, text,
and user application data. The second frequency band being the same  size as
the first frequency band and also includes at least a set of 113 contiguous
tones. The set  of 113 tones of the first frequency band is non-overlapping
with the set of 113 tones of the  second frequency band in some exemplary
embodiments. In the exemplary system, OFDM  modulation symbols including
complex symbols are conveyed using at least some of the tones. WO
2005/039094 PCT/US2004/034305  -30 In this particular exemplary embodiment,
the operation of the first and second base  station transmitters are not
timing synchronized with respect to one another, e.g,, symbol  transmission
timing at the base station in the first cell may be different from the
symbol  transmission timing at the base station in the second cell. In this
one particular exemplary  embodiment each base station transmitter transmits
ordinary signaling during 903 out of every  



904 successive OFDM transmission time intervals, and a beacon signal during
the remaining  one out of every 904 successive OFDM transmission time
intervals. The beacon signal, when  transmitted in this two cell example, is
transmitted into either the base station transmitter's own  frequency band,
e.g., the band used by the base station sector in which the transmitter is
located  for ordinary signaling, or into a band used by an adjacent cell or
sector for its ordinary signaling.  This allows a wireless terminal with a
single receiver chain to continue operations using its  current attachment
point and current frequency band yet still obtain information on other base
stations which use different frequency bands for ordinary signaling, In
various embodiments, for a given base station transmitter, the base station
transmitter  the transmitter may alternates between beacon signals so as to
sequentially transmit a beacon  signal into its own band and one or more of
the adjacent bands corresponding to ordinary  signaling by adjacent cells or
sectors. This timing is repeated periodically. The beacon signal in  some
embodiments is a high power signal, e.g., a single tone with more than
twice, three times  or even 10 times the average power, depending on the
embodiment, of tones used to transmit  user data. The high level of base
station transmitter power associated with the beacon signal  makes the
beacon signal easily detectable and recognizable to wireless terminals
monitoring the  downlink broadcast signaling from the base stations,
Different tones can be used by different  base stations allowing the WT to
identify the source of the beacon signal. Normally, the beacon  signal does
not convey any user specific data, but instead conveys transmitter
information, e.g.,  transmitter identifier information and/or transmitter
power level information. As another example, consider the following
exemplary embodiment, which uses the  method of flowchart 900. Consider an
exemplary OFDM communications system which  includes sectorized cells with
two or more sectors per cell. Each sectorized cell includes a base  station
or base stations and a set of base station transmitters, one base station
transmitter  corresponding to each sector. Each base station transmitter may
be part of its own base station,  or multiple base station transmitters may
be grouped together as part of a single base station. WO 2005/039094
PCT/US2004/034305  -31 First and second base station transmitters may
correspond to adjacent sectors of the same cell.  In such an exemplary
embodiment, the first frequency band is the frequency band used by the
first base station transmitter for its regular downlink signaling, e.g.,
traffic channel assignment  signals, downlink pilot signals, other control
signals, and downlink traffic channel signals such  



as user data to wireless terminals including at least one of voice, text,
and user application data.  The first frequency band, in this particular
exemplary embodiment includes a set of at least 113  contiguous tones. The
second frequency band in this particular embodiment is the frequency  band
used by the second base station transmitter for its regular downlink
signaling, e.g., traffic  channel assignment signals, downlink pilot
signals, other control signals, and downlink traffic  channel signals
including at least one of voice, text, and user application data. The second
frequency band, in this exemplary embodiment is the same size as the first
frequency band also  c includes a set of 113 contiguous tones. In the
exemplary embodiment, the set of 113 tones of  the first frequency band is
non-overlapping with the set of 113 tones of the second frequency  band.
OFDM modulation symbols including complex symbols are conveyed using at
least some  of the tones. The operation of the first and second base station
transmitters, in this second particular  example, being in the same cell are
timing synchronized with respect to one another. Each base  station
transmitter in this example transmits ordinary signaling during the majority
of OFDM  symbol transmission time periods, e.g., 903 out of every 904
successive OFDM symbol  transmission time intervals, and a beacon signal
during a much smaller number of symbol  transmission time intervals, e.g.,
the remaining one out of every 904 successive OFDM symbol  transmission time
intervals. The beacon signal, when transmitted is transmitted into either
the  base station sector transmitter's own frequency band, the band used by
the base station  transmitter for ordinary signaling, or into a band used by
an adjacent cell for its ordinary  signaling. This allows a wireless
terminal with a single receiver chain to continue operations  using its
current attachment point and current frequency band yet still obtain
information on  other adjacent base station transmitters which use different
frequency bands for ordinary  signaling. In this particular exemplary
embodiment, the beacon signaling timing of adjacent  sector base station
transmitters of the same cell have a fixed timing offset. For a given base
station transmitter in this second example, the base station transmitter
alternates between beacon signals, e.g., so as to sequentially transmit a
beacon signal into its WO 20051039094 PCT/US2004/034305  32 own band and
each of the adjacent bands corresponding to ordinary signaling by adjacent
sectors  of the same cell. This timing is repeated periodically. The beacon
signal is a high power signal,  



e.g., a signal as described in the context of the preceding example. The
high level of power  associated with the beacon signal makes the beacon
signal easily detectable and recognizable to  wireless terminals monitoring
the downlink broadcast signaling from the base station  transmitters.
Different tones can be used by different base station transmitters allowing
the WT  to identify the source of the beacon signal. The beacon signal
normally does not convey any  user specific data, but does convey
transmitter information, e.g., transmitter identifier  information and/or
transmitter power level information. a v Numerous variations are possible,
in accordance with the invention in terms of the  specifics of the
implementations. For example, a set of tones used for downlink signaling
within  a frequency band may comprise a different number than 113 tones,
e.g., a number much larger  such as 1000 tones. In some embodiments, the
ratio of time dedicated by a base station  transmitter to beacon signaling
with respect to non-beacon downlink signaling maybe different  than 1/903;
however, the ratio of beacon to non-beacon transmitter signaling time is, in
most but  not necessarily all embodiments, at least 1/5. In some embodiments
a set of tones, e,g., two or  several tones, comprise a beacon signal
instead of one single tone. Various exemplary embodiments which use the
present invention have been discussed  above. However, these are only a few
of the many possible embodiments which can be  implemented in accordance
with the invention. Various exemplary methods of the invention will now be
described as a series of steps.  Some embodiments involve performing
different steps. Various combinations of steps are  described below through
various references to a previous group of steps. Some exemplary methods,
including different possible combinations of steps will now  be described.
The following methods are exemplary and not the sole methods and/or
combinations of steps which may be covered by the present invention. WO
20051039094 PCT/US20041034305  -33 While described in the context of an OFDM
system, the methods and apparatus of the  present invention, are applicable
to a wide range of communications systems including many  non-OFDM and/or
non-cellular systems. In various embodiments nodes described herein are
implemented using one or more  modules to perform the steps corresponding to
one or more methods of the present invention, for  example, signal
processing, beacon generation, beacon ID, beacon measuring, beacon  



comparison, handoff, message generation and/or transmission steps. In some
embodiments  various features of the present invention are implemented using
modules. Such modules may be  implemented using software, hardware or a
combination of software and hardware. Many of the ti above described methods
or method steps can be implemented using machine executable  instructions,
such as software, included in a machine readable medium such as a memory
device,  e.g., RAM, floppy disk, etc, to control a machine, e.g., general
purpose computer with or  without additional hardware, to implement all or
portions of the above described methods, e.g.,  in one or more nodes.
Accordingly, among other things, the present invention is directed to a
machine-readable medium including machine executable instructions for
causing a machine,  e.g., processor and associated hardware, to perform one
or more of the steps of the above- described method(s). The system of the
present invention includes control modules, e.g., control circuitry  and/or
control software, for controlling the various elements of the system of the
present  invention to perform each of the various recited steps performed in
accordance with the methods  of the present invention. Different steps of a
control routine or different element of a control  circuit may control
different operations, e.g., the implementation of different method steps,
Accordingly, a control module may include multiple means, e.g., blocks of
code, for performing  one or more steps in accordance with the invention.
Numerous additional variations on the methods and apparatus of the present
invention  described above will be apparent to those skilled in the art in
view of the above description of  the invention. Such variations are to be
considered within the scope of the invention. The  methods and apparatus of
the present invention may be, and in various embodiments are, used  with
ODMA, orthogonal frequency division multiplexing (OFDM), and/or various
other types of  communications techniques which maybe used to provide
wireless communications links WO 2005/039094 PCTXS2004/034305  -34 between
access nodes and mobile nodes. In some embodiments the access nodes are
implemented as base stations which establish communications links with
mobile nodes using  OFDM. and/or CDMA. In various embodiments the mobile
nodes are implemented as notebook  computers, personal data assistants
(PDAs), or other portable devices including  receiver/transmitter circuits
and logic and/or routines, for implementing the methods of the  present
invention. 



y -35- CLAIMS 1. A method of operating a first base station transmitter, the
method comprising: i) operating the first base station transmitter to
transmit into a first frequency band during a  first period of time during
which said first base station transmitter does not transmit into a second
frequency band; ii) operating the first base station transmitter to transmit
into a second frequency band during  a second period of time which is
shorter than said first period of time, said first base station
transmitting into said second frequency band for a period of time which is
less than 1/N the period of  time it transmits into said first frequency
band, where N is a positive value greater than 2, transmitting  into the
second frequency band during the second period of time including
concentrating at least 60  percent of the transmitted power on one or more
tones occupying less than one fifth of the second  frequency band; and iii)
repeating steps i and ii. 2. The method of claim 1, wherein steps i and ii
are repeated over time at periodic intervals such  that the amount of time
said first transmitter transmits into said first frequency band remains on
average greater than the amount of time it transmits into said second
frequency band. 3. The method of claim 1, wherein during said second period
of time said first base station  transmitter does not transmit into said
first frequency band. 4. The method of claim 1, wherein said first
transmitter transmits into said first frequency band  at least 20 times as
much, in terms of time, as the first transmitter transmits into said second
frequency  band. 5. The method of claim 1, wherein said first and second
frequency bands are the same size. 6. The method of claim 1, further
comprising: operating the first base station transmitter to  transmit into
said first frequency band during said second period of time. 7. The method
of claim 1, wherein step i of transmitting into a first frequency band
includes  transmitting user data into said first frequency band on a
plurality of different tones. 8. The method of claim 7, wherein said user
data includes at least one of voice, text, and user  application data. 9.
The method of claim 7, wherein step ii of transmitting into a second
frequency band includes  transmitting transmitter information but no user
specific data. 



-36- 10. The method of claim 9, wherein said transmitter information
includes at least one of cell  identification information and sector
identification information. 11. The method of claim 9, wherein step ii of
transmitting into a second frequency band involves  transmitting information
on fewer tones than the number of tones used to transmit information into
said first frequency band. 12. The method of claim 9, wherein said number of
tones used to transmit information into the  second frequency band is less
than 3. 13. The method of claim 9, wherein steps i and ii each include
transmitting at least one OFDM  signal including at least one complex
symbol. 14. The method of claim 13, wherein step ii includes transmitting
two OFDM symbols. 15. The method of claim 13, wherein the first period of
time includes a plurality of symbol  transmission time periods and wherein
the second period of time includes fewer symbol transmission  time periods
than said first period of time. 16. A method of operating a first base
station transmitter, the method comprising: i) operating the first base
station transmitter to transmit into a first frequency band during a  first
period of time during which said first base station transmitter does not
transmit into a second  frequency band; ii) operating the first base station
transmitter to transmit into a second frequency band during  a second period
of time which is shorter than said first period of time, said first base
station  transmitting into said second freouency band for a period of time
which is less than 1/N the period of  time it transmits into said first
frecuency band, where N is a positive value greater than 2, operating  the
first base station transmitter to transmit into a second frecuency band
during a second period of  time including transmitting a tone with at least
20 times the average per tone power used to transmit  tones in a preceding 1
second time interval; and iii) repeating steps i and B. 17. A method of
operating a first base station transmitter, the method comprising: i)
operating the first base station transmitter to transmit into a first
frequency band during a  first period of time during which said first base
station transmitter does not transmit into a second  frequency band, said
first base station transmitter transmitting user data into said first
frequency band  on a plurality of different tones during said first period
of time; -37- 



ii) operating the first base station transmitter to transmit into a second
frequency band during a second period of time which is shorter than said
first period of time, said first base station  transmitting into said second
frequency band for a period of time which is less than 1/N the period of
time it transmits into said first frequency band, where N is a positive
value greater than 2, said first  base station transmitting transmitter
information but no user specific data into said second frequency  band
during said second period of time, said transmitter information being
transmitted using at least  one tone, said first transmitter transmitting at
least M times the amount of power on said at least one  tone than the
transmitter transmits on any one tone used to transmit user data during said
first period  of time into said first frequency band, where M is a positive
integer greater than 2; and iii) repeating steps i and ii. 18. The method of
claim 17, wherein M is at least 5. 19. A method of operating a first base
station transmitter, the method comprising: i) operating the first base
station transmitter to transmit into a first frequency band during a  first
period of time during which said first base station transmitter does not
transmit into a second  frequency band, said first base station transmitter
transmitting user data into said first frequency band  on a plurality of
different tones during said first period of time; ii) operating the first
base station transmitter to transmit into a second frequency band during  a
second period of time which is shorter than said first period of time, said
first base station  transmitting into said second frequency band for a
period of time which is less than I/N the period of  time it transmits into
said first frequency band, where N is a positive value greater than 2, said
first  base station transmitting transmitter information but no user
specific data into said second frequency  band during said second period of
time, said transmitter information being transmitted using at least  one
tone, said first transmitter transmitting said at least one tone using at
least 20 times the average per  tone power used to transmit tones during a
preceding I second time interval; and iii) repeating steps i and ii. 20. A
method of operating a first base station transmitter, the method comprising:
i) operating the first base station transmitter to transmit into a first
frequency band during a  first period of time during which said first base
station transmitter does not transmit into a second  frequency band; ii)
operating the first base station transmitter to transmit into a second
frequency band during  a second period of time which is shorter than said
first period of time, said first base station  transmitting into said second
frequency band for a period of time which is less than 1/N the period of  



time it transmits into said first frequency band, where N is a positive
value greater than 2; iii) operating a second base station transmitter to
transmit into said second frequency band  during a third period of time
during which said second base station transmitter does not transmit into
said first frequency band; -38- iv) operating the second base station
transmitter to transmit into said first frequency band during a fourth
period of time which is shorter than said third period of time, said second
base station  transmitter transmitting into said first frequency band for a
period of time which is less than 1/N the  period of time the second base
station transmitter transmits into said second frequency band; and v)
repeating steps i, ii, iii and iv. 21. The method of claim 20, wherein the
repeating of steps iii and iv are performed multiple  times at periodic
intervals. 22. The method of claim 20, wherein during said fourth period of
time said second base station  transmitter does not transmit into said
second frequency band. 23. The method of claim 20, wherein the second base
station transmitter transmits user data  including at least one of text and
voice data during said third period of time. 24. The method of claim 23,
wherein said second base station transmitter transmits base station
information during said fourth period of time but no user data. 25. The
method of claim 24, wherein the first and second base station transmitters
are in different  physically adjacent cells. 26. The method of claim 24,
wherein the first and second base station transmitters are in the same
cell. 27. The method of claim 26, wherein said first and second transmitters
are sector transmitters;  and wherein there is a fixed time offset between
performing step ii using the first base station  transmitter and step iv
using the second base station transmitter. 28. A communications system,
comprising: a first base station, said first base station including:
transmitter information; a first transmitter for transmitting signals into
first and second frequency bands; and  first transmitter control means for
controlling said first transmitter to: i) transmit into a first frequency
band during a first period of time during which  



said first base station transmitter does not transmit into a second
frequency band; ii) transmit at least some of said transmitter information
without transmitting any  user data into a second frequency band during a
second period of time, said second period  of time being at least less than
one fifth said first period of time, less than 4 signal tones -39- are
transmitted into said second frequency band by said first transmitter during
said second  time period, and; wherein the signal tones transmitted into
said second frequency band are transmitted  with at least twice the maximum
power used to transmit user data into said first frequency  band during said
first time period and iii) repeat the sequence of steps i and ii at periodic
intervals. 29. The communication system of claim 28, wherein during said
second period of time said first  base station transmitter does not transmit
into said first frequency band. 30. The communication system of claim 28,
wherein said first transmitter control means controls  said first
transmitter to transmit into said first frequency band during said second
time period.  31. The communications system of claim 28, wherein said first
and second frequency bands are  the same size. 32. The communications system
of claim 28, wherein said first base station further includes: a set of
stored user data to transmit, said set of stored user data including at
least one of voice,  text and user application data; and wherein controlling
the first transmitter to transmit into said first frequency band during the
first time period includes controlling the transmitter to transmit at least
some of said stored user data  into said first frequency band. 33. The
communications system of claim 32, wherein said first base station further
includes:  transmitter information; and wherein controlling the first
transmitter to transmit into said second frequency band includes
controlling the transmitter to transmit at least some of said transmitter
information without  transmitting any user data into said second frequency
band. 34. The communications system of claim 33, wherein said first
transmitter control means controls  said transmitter to transmit fewer
signal tones into said second frequency band during said second  time period
than it transmits into said first frequency band during said first time
period.  35. A communications system, comprising: 



a first base station, said first base station including: a first transmitter
for transmitting signals into first and second frequency bands; and  first
transmitter control means for controlling said first transmitter to: i)
transmit into a first frequency band during a first period of time during
which  said first base station transmitter does not transmit into a second
frequency band; -40- ii) transmit into a second frequency band during a
second period of time, said second period of time being at least less than
one fifth said first period of time; and  iii) repeat the sequence of steps
i and ii at periodic intervals; and a second transmitter for transmitting
signals into said first and second frequency bands; and  second transmitter
control means for controlling said second transmitter to: iii) transmit into
said second frequency band during a third period of time during  which said
second base station transmitter does not transmit into said first frequency
band;  iv) transmit into said first frequency band during a fourth period of
time which is shorter than said third period of time, said second
transmitter transmitting into said first  frequency band for a period of
time which is less than UN the period of time the second  transmitter
transmits into said second frequency band; and v) repeat steps iii and iv.
36. The system of claim 35, wherein the first and second transmitters are in
different physically  adjacent cells. 37. The system of claim 35, wherein
the first and second transmitters are in different sectors of  the same
cell. 38. The system of claim 37, wherein said first transmitter control
means causes said first  transmitter to transmit user data and transmitter
information relating to said first transmitter into said  first frequency
band during said first time interval; and causes transmitter information
relating to said first transmitter but no text or voice user data to  be
transmitted into said second frequency band. 39. The system of claim 38,
wherein said second transmitter control means causes said second
transmitter to transmit user data and transmitter information relating to
said second transmitter into  said second frequency band; and causes
transmitter information relating to said second transmitter but no text or
voice user  data to be transmitted into said first frequency band. 



II  40. The method of claim 39, wherein said transmitter information
relating to the first transmitter is a first transmitter identifier and
wherein said transmitter information relating to the second  transmitter is
a second transmitter identifier. III 


