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(57) Abréege(suite)/Abstract(continued):

beam-spots, a medium density zone covered by two or three medium sized beam-spots, and a low density zone covered by or
large beam-spot. As the mobile traffic patterns change throughout the day, multi-beam antenna dynamically reconfigures tr
zone and beam-spot layout for each cell, thereby keeping a nearly optimal zone and beam-spot configuration despite varyir
mobile traffic patterns.
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MULTI-BEAM ANTENNA ARRAYS FOR BASE STATIONS
IN WHICH THE CHANNEL FOLLOWS THE MOBILE UNIT

Field of the | ;

The present invention relates generally fo cellular telephone systems. More
particularly, this invention relates to multi-beam adaptive antenna arrays in which the
communication channel follows the mobile unit.

Backaround of the Inventior

Cellular telephone systems allowing radio communication with mobile
wireless units ("mobiles”) have becbme very popular. Generally, the mobile units
are hand-held, personal communication units or vehicle mounted communication
units (e.g., car phones). As a result of the increased popularity of cellular
communications, some geographic areas, particularly cities, are becoming
overloaded with cellular communication units to the point where the number of radio
frequencies available for communication are not able to serve all of the mobile units.
Thus, topologies for mobile communications systems that maximize the use of a
finite number of radio frequencies have been developed.

The conventional topology used in cellular communication divides the area to

be covered into a number of contiguous cells, each containing one or more base
antennas for communicating with the mobile units. Each cell is assigned a number
of unique cell communication frequencies which are usable throughout the cell area.
The communication frequencies assigned to a cell are generally not utilized in an
adjoining cell in order to reduce interference problems.

During a call, the two calling parties speak on one channel pair (i.e, a forward

transmission channel and a reverse transmission channel). When a mobile unit

1
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moves out of the coverage area of a particular cell site, the reception becomes

weak. The new cell site senses the weak signal and consequently requests a
handoff to a new cell via an appropriate signal. The system switches the call to a
new frequency channel or a different cell identification code in the new cell site
without either interrupting the call or alerting the user. The user does not notice that
the handoff occurred, and may continue talking as long as he or she desires.

When call traffic in a particular area increases, increased capacity may be
generated by reducing the area covered by a particular cell, i.e., dividing the cell into
multiple sectors or creating microcells by reducing the cell radius. For example, if a
cell is split into four sectors, each being one-quarter of the size of the original,
capacity Is increased nearly four-fold. Naturally, the smaller the cell, the more
handoffs are required in a cellular telephone system for a given capacity.

Fig. 1A illustrates a conventional cell 100 divided into three sectors 102, 104,
and 106, arranged tn a "pie-slice” configuration so that base station 107, located in
center of cell 100, broadcasts to a predefined angular section of the cell. Cell 100 is

allotted a fixed number of frequency channels (e.g., one-hundred twenty). When the
mobiie user density becomes too great for cell 100 to handle, that is, there are more

mobile units in use than there are available channels, the system operators may
decide to subdivide cell 100 into sectors 102, 104, and 106. This allows greater
frequency reuse of channels, which increase the total capacity of celi 100.

Fig. 1B is a diagram illustrating the hierarchy of cell division in a conventional
cell system. Cell 110 is at the top level. As previously discussed, multiple

contiguous cells form the radio network. The cells may be divided into sectors, for
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example, sectors 112 and 114. Each mobile unit within a sector is allocated one of
communication channels 116 through 118. Each communication channel 116

through 118 includes a pair of actual communication frequencies: a forward traffic
channel (the communication channel from the base station to the mobiie unit) and a
reverse traffic channe! (the communication channe! from the mobile unit to the base

station).

Although in the proper circumstances, cell sectorization increases cell
capacity, certain problems can arise. When a sector is very narrow, that is, many
sectors are used to fill a cell, irregular signal coverage will result because the radio

transmissions that form the sector do not have well defined boundaries. Buildings

and other structures exacerbate this problem.

A second, conventional method for increasing cell capacity is to lower the

antenna height. Lowering the antenna height shrinks the cell radius. Thus, each
cell becdmes smaller and the total number of cells (and therefore mobile unit

capacity) per unit area increases.

As traffic demand in a cell increases, conventional solutions of increasing

capacity by sectorizing the cells and lowering the antenna height of each sector
reach practical limits. For example, as the sector size Is reduced, it becomes harder
to confine the radio energy within the cell region using conventional aﬁtenna
technology. As a result, cell overlapping occurs, increasing radio interference.
Additionally, each additional microcell requires an additional base station. Base
stations are expensive, especially in cities because of the high cost of real estate.

Moreover, as the cell size is reduced, conventional handoff algorithms have difficulty
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In completing handoffs quickly enough to keep up with. a mobile unit moving quickly,
that is, a fast mobile unit. As a result, communication cut-off in mid-conversation
may occur -- a result unacceptable to most users.

One proposed solution for increasing radio capacity, which avoids some of
the above mentioned problems, uses "smart" antennas (multi-beam adaptive array
antennas). Smart antennas adjust their directional beam patterns to maximize the
signal to noise ratio in a desired area. Multiple base stations arranged in a cell can
be controlied as an adaptive antenna array to generate muitiple beams focused into
small "spots.” Adjusting the amplitude and phase of each antenna element makes it

possible, in real time, to steer each beam to track the motion of mobile units in the
cell. The beam follows the mobile unit. This antenna topology takes maximum
advantage of spatial filtering (i.e., the radio waves are only transmitted to the spatial
area where they are required) and therefore minimizes interference elsewhere.
Interference minimization is important because interference is the primary capacity
limiter for cellular communication systems.

Fig. 2 is a diagram illustrating the hierarchy of cell division in a conventional

adaptive antenna array cellular system. At the top level, a cell 200 contains muitiple,
movable beams 202 through 204. Each mobile unit is tracked by a beam and

communicates over one or more of channels 206 through 208.
Two main functions that make the adaptive antenna array "smart" are "beam

forming” and "mobile tracking”. Beam forming refers to the ability of the adaptive

antenna array to focus the beam into a relatively small area.
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Although beam forming is relati\_/ely straight-forward, mobile tracking is
complicated and computationally intensive. Current mobile tracking systems use
feedback and estimation mechanisms to predict the future location of the mobile
unit. The systems then calculate the optimum phase and amplitude values to steer
the beam to the predicted location. If the prediction is correct, the beam essentially
“follows" the mobiie unit.

There are two main problems associated with prior art adaptive antenna

systems. First, present real-time control and tracking algorithms are very
complicated, requiring expensive hardware and complex software, making adaptive
antenna systems expensive. Second, the primary purpose of mobile tracking is to
reduce the handoff rate, but the opposite result occurs. The number of subscribers
in a cell usually far exceeds the number of beams an adaptive antenna is capable of
generating, so the beams must follow groups of subscribers. This is not a problem
for cellular car-phone systems, because adaptive antenna arrays can track a group

of mobile units moving along a road. Personal, hand-held applications, on the other

hand cause a problem because motions for such pedestrians are essentially
random. A group of pedestrians may form and split at any time making it difficult for

the beam to follow a "group". Because there are not enough beams to follow each
i~dividual subscriber, the rate of handoff between beam-spots remains high,
reducing the theoretical advantages of the adaptive antenna system.

The present invention has significant advantage over prior art systems. lts
communication capacity is as high as that of a conventional adaptive antenna

system because spatial filtering is maintained, but it eliminates real-time beam
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forming and mobile tracking, the expensive and complicated components of
conventional adaptive antennas. The present invention is also less expensive than a

fixed microcell system with equal radio capacity. Additionally, when installed in an

area previously containing a single conventional cell, the present invention can cover

a high traffic area inside of the cell while introducing less interference than the

conventional method of creating new sectors within a preexisting cell.

SUMMARY OF THE INVENTION

The advantages and purpose of the invention will be set forth in part in the

description which follows, and in part will be obvious from the description, or may be

learned by practice of the invention. The advantages and purpose of the invention

will be realized and attained by means of the elements and combinations particularly

pointed out in the appended claims.

To attain the advantages and in accordance with the purpose of the invention,

as embodied and broadly described herein, one aspect of the invention is a method

of communicating between a mobile unit and a base station within a cell of a cellular

communication system. The method comprises a plurality of steps, including
radiating an array of geographically spaced beam-spots within the cell, each of said
beam-spots having a plurality of communication channels, at least one of the
communication channels being assigned to the mobile unit. Additionally, the method
senses at the base station received signal strength of the mobile unit communicating

in the cell and radiates the communication channel assigned to the mobile unit to a

selected number of beam-spots based on the received signal strength.

AMENDED SHEET
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In another aspect, a radio based telephone system comprises an adaptive

antenna array for providing reconfigurable beam-spots within a predefined area,
each beam-spot containing one or more channels assigned to mobile units using the
telephone system, the channels being controlled such that they are deactivated

when a mobile unit exits a first beam-spot and activated when the mobile unit enters

a second of the beam-spots.
Another aspect of the invention provides a method of communicating with a
terminal in a cell of a cellular radio system, comprising the steps of radiating an array

of geographically spaced beam-spots in the cell, each of the beam spots having a

plurality of communication channels, and selectively activating at least one channel

within each beam-spot assigned to at least one terminal using the cellular radio

system, and using the channel for communication with the terminal, characterized by

the steps of monitoring traffic patterns in the cell, and reforming the beam-spots In

accordance with changes in the monitored traffic patterns.

Yet another aspect of the invention provides apparatus for

communicating with a terminal in a cell of a cellular radio system, comprising means
for radiating an array of geographically spaced beam-spots In the cell, each of the

beam spots having a plurality of communication channels, and means for selectively

activating at least one channel within each beam-spot assigned to at least one
terminal using the cellular radio system, and using the channel for communication
with the terminal: characterized by further comprising means for monitoring traffic

patterns in the cell, and means for reforming the beam-spots in accordance with

changes in the monitored traffic patterns.

AMENDED SHEE
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It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

The accompanying drawings, which are incorporated in and constitute a part

of this specification, illustrate several embodiments of the invention and together with

the description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

Fig. 1A is a diagram illustrating a conventional cell divided into three sectors;

Fig. 1B is a diagram of the hierarchy of cell division in the system shown In
Fig. 1A;

Fig. 2 is a diagram illustrating the hierarchy of cell division in a conventional

adaptive antenna array cellular system;

Fig. 3 is a diagram illustrating the adaptive array antenna system for reforming

the beam-spots according to the present invention;

/a
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Fig. 4 is a diagram showing a cell divided into zones and further divided into

beam-spots according to the present invention;

Fig. 5 is a diagram illustrating the hierarchy of cell division in a preferred

embodiment of the invention:

ig. 6 is a flowchart illustrating an algorithm used by one embodiment of the
invention;

Fig. 7 is diagram illustrating, for a slow moving mobile unit, the on/off

relationship between the reverse channel (receivers), forward channel (transmitters),

and the mobile unit;

Fig. 8 is a diagram illustrating, for a fast moving mobiie unit, the on/off

relationship between the reverse channel (receivers), forward channel (transmitters),

and the mobile unit; and

» NP TION O mi=da RRED EMBODIIVIEN
In the present invention, cells in a radio telephone scheme are covered by

beam-spots generated by a multi-beam antenna system. Unlike prior art radio

communication schemes using adaptive antennas that track mobile units with their

beams, forward traffic channels in the present invention follow the mobiles as they
move between beam-spots. As a result, the present invention is more efficient and
less costly than prior art adaptive antenna systems.

Additionally,& each cell in the present invention may be divided into zones
based on the mobile traffic patterns within the cell. Typically, there will be a high

density zone covered by many, small area beam-spots, a medium density zone
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covered by two or three medium sizeq beam-spots, and a low density zone covered
by one large beam-spot. As the mobile traffic patterns change throughout the day,
this invention dynamically reconfigures the zone and beam-spot layout for each cell,
to keep a nearly optimal zone and beam-spot configuration despite varying mobile

traffic patterns.

The present invention can be implemented in code division multiple access
(CDMA) cellular communication system, time division mulitiple access (T DMA)
system, or a frequency division multiple access (FDMA) system.

Reference will now be made in detail to the present preferred embodiments of
the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

Fig. 3 is a diagram illustrating the adaptive array antenna system for
rearranging the beams-spots according to the present invention. In Fig. 3, cell 300
is covered with multiple beam-spots 302. Each beam-spot 302 is produced from
antennas 306 in multi-beam adaptive antenna array 304. Multi-beam adaptive
antenna array 304 contains N antennas 306, spaced from one another by about half
a wavelength. N antennas 308 give the system N-1 degrees of freedom. Nis
typically significantly greater than one, although more or less may be used
depending on the specific situation.

Adaptive antenna array 304 transmits forwara channels and receives
corresponding reverse channels. A beam forming network, located at the base of

the adaptive antenna array 304, which may take the form of specialized hardware or
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general purpose computers, controls the amplitude and phase of the signals
transmitted by the antennas 306 to adjust the beam-spots 302. Additionally,
hardware and/or software at the base controls channel-following, traffic-monitoring,
and received signal strength monitoring, all discussed below, as well as any other

control functions of the adaptive antenna array 304.

Fig. 4 is a top déwn diagram of a cell divided into zones and further divided
into beam-spots. Each beam-spot is formed by a multi-beam antenna system that
can adjust the individual spot size and location. Cell 400 is divided into three zones:
high capacity zone 405, medium capacity zone 420, and low capacity zone 430. In
practice, the system dynamically rearranges and disperses zones based on mobile

density and movement patterns such that cells may have different numbers of

zones. Zone 405 includes beam-spots 406 through 415, zone 420 includes beam
spots 421 and 422, and zone 430 includes beam-spot 430.
Fig. O Is a diagram illustrating the hierarchy of cell division in the preferred

embodiment of the present invention. At the top level are cells 502 divided into one

or more zones 504. Zones 504 are further divided into beams 506. Beams 506
each have several channels 508 assigned to individual mobiles. In the preferred
embodiment, the beams do not track the mobile units in real time as conventional
adaptive antenna systems. Instead, the mobile unit's channel follows it as it moves
through the beams. However, the beams are "movable" in the sense that the
system periodically reconfigures the arrangement of the beam-spots within a cell.
The system may change the number of beam-spots, the size of the beams-spots, or

the locations of the beam-spots. The system reconfigures the beams when the

10
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mobile unit densities in the cell change substantially to make reconfiguration

desirabie.

All of the beam-spots in zone 405 (Fig. 4) share the same control channel.
Similarly, the beam-spots 421 and 422 share a second control channel and beam-
spot 430 uses yet another control channel. A mobile unit moving into or out of a
zone or cell performs a handoff with the new zone or cell. Because all of the beam-
spots within a zone share the same controi channel, no handoff is required for a
mobile unit moving between beam-spots in a zone. Instead, the communication
channel pair (the forward channel from the base station to the mobile unit and the
reverse channel from the mobile unit to the base station) simply follows the mobiie
unit.

When the mobile unit is in a beam-spot, for example, beam-spot 412, the
multi-beam antenna system transmits the forward channel to only beam-spot 412.
As the mobile unit moves into a neighboring beam-spot, for example, beam-spot
409 the system senses that the reverse channel signal (the communication channel
from the mobile unit to the base station) is stronger in this new beam-spot and

consequently turns off the forward channel from beam-spot 412 and turns on the

same forward channel signal to beam-spot 409. Thus, the system switches the
transmitted channel between the beam-spots to follow the mobile unit.

Channel following is not difficult to implement. The beam-spot receiving the
strongest reverse channel signal is the "channel-on" spot. Additionally, channel-

following can be performed quickly, requiring only a simple switching operation.

11
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Preferably, the determination as to which beam-spot a mobile unit is in is
implemented by a scanning receiver and control circuitry at the base of adaptive
antenna array 804.

Although the above described channel-following technique works well in most
situations, fast moving mobile units in high density areas may cause too many on/off
channel switches for the system. Fig. 6 is a flowchart illustrating the preferred
solution to this problem, which allows fast moving mobile units to move through
beam-spots In a zone without repeated, rapid channel switches. For fast moving
mobile units, the system must estimate the speed of each mobile unit based on the
time interval between when the mobile unit enters a beam-spot and when it leaves
that beam-spot (step 602). This time interval is called the mobile unit's dwell time.
Whether the unit is a fast mobile depends on its dwell time (step 604). If the mobile
unit's dwell time is below a predetermined thresholid, the mobile unit is a fast mobile.

If the mobile unit is not a fast mobile, the mobile unit may be a medium speed
mobile (step 608). A medium speed mobile is a mobile unit whose dwell time is
above the predetermined threshold but below a second, higher threshold.

If the mobile unit is determined to be a fast mobile (step 604), the system
estimates the direction of the mobile unit (step 608), based on its movement history,
and turns on all the channels in the mobile unit's zone that the direction prediction
step 606 predicts the mobile unit will travel through. For example, referring to Fig. 4,
if a fast moving mobile unit enters beam-spot 410 from beam-spot 411, the system
may turn on the traffic channeis in beam-spot 407 associated with the mobile unit.

At the same time, or at a later time, the system will turn off the corresponding

12




CA 02258889 1998-12-23

WO 97/50272 PCT/CA96/00772

channels in beam-spot 415. The trafﬁc channels associated with the mobile unit in
beam-spots 411, 410, and 408 remain activated from a previous operation. When
the mobile unit exits beam-spot 410 and enters 408, the system will turn on its
channel in beam-spot 406 and turn off its channel in beam-spot 411. The channel in

beam-spot 407 remains on from a previous activation. Additionally, if the system

determines that the mobile unit may enter beam-spot 409, it will turn on its channel
in beam-spot 409. In this manner, the system switching load is decreased--reducing
the hardware required and increasing reliability.

If the mobile unit is a medium speed mobile, the system also predicts its
direction (step 610). The system, however, does not turn on the channels as far in
advance as for fast moving mobiles, but instead, activates channels just In
neighboring beam-spots (step 612). For example, if the mobile unit from the
previous example again enters beam-spot 410, but this time moving at medium
speed, the mobile's channel in beam-spot 408 would be turned on and its channel in
beam-spot 411 would be turned off. Similarly, when the medium speed mobile
leaves beam-spot 410 and enters 408, its channel in beam-spot 410 would be
turned off and its channel in beam-spot 407 turned on.

If the mobile unit is neither a fast nor medium speed mobile, it is, by default, a
slow mobile. With slow mobiles, their channel is turned on only in their immediate
beam-spot.

Figs. 7 and 8 are diagrams illustrating on/off relationships between

transceivers 722, which receive the reverse traffic channel and transmit the forward

13
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traffic channel, scannihg receivers 718, which sense the mobile unit's location, and a
mobile unit moving through beam-spots.

In Fig. 7, beam-spot 410 represents a beam-spot containing a slow moving
mobile. Beam-spots 415, 411, 408, and 407 represent surrounding beam-spots, as
shown in Fig. 4. Scanning receiver 718 scans the beam-spot 410 containing the
mobile unit and its two neighboring beam-spots, 411 and 408. Transceiver 722, for
each mobile unit, represents the forward traffic channel transmitter and the reverse
tratfic channel receiver. Element 720 controls elements 718 and 722. Graph 716
lllustrates the received reverse signal level, by the scanning receiver 718, at beam-
spots 415, 411, 410, 408, and 407, from the mobile unit in beam-spot 410. As the
graph shows, the received signal ievel is highest from the beam-spot that the mobile

unit is in and is lower in the two neighboring beam-spots. Scanning receiver 718

does not scan beam-spots 407 and 414, so no signal is detected there.
Fig. 8 Is similar to Fig. 7, except that Fig. 8 shows a fast moving mobile in
beam-spot 410. Because the mobile unit is a fast one, transceiver 722 is turned on

in all of the illustrated beam-spots. Additionally, scanning receiver 718 scans all of

beam-spots 407, 408, 410, 411, and 414.

As was previously mentioned, the beam-spots in the present invention do not
move n real-time to follow the mobiles. Instead, a cell's zone and beam-spot
configuration is periodically reconfigured to handle changing mobile unit traffic
patterns. As an example, during morning rush hour, highways into the city are often

areas of heavy mobile concentration (high average mobile unit density). At this time,

the system will form a high capacity zone of small beam-spots around the dense

14
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traffic patterns. If, during lunch hour, the heavy mobile .concentration moves to a
restaurant area, the system reconfigures the beam-spots to form a high capacity
zone around the restaurant area and a medium capacity zone around the highways.
Alternatively, the system may employ mobile traffic pattern information from previous

days to help predict new zone concentrations.

in summary, the present invention has many advantages. Its communication
capacity is as high as that of a conventional smart antenna system because spatial
filtering is maintained, however, real-time beam forming and mobile tracking, the
expensive and complicated components of conventional smart antennas, are not
present. The present invention is also less expensive than a fixed microcell system
with equal radio capacity. Additionally, when installed in an area previously
containing a single conventional microcell, the present invention can cover a high

traffic area inside of the cell whiie introducing less interference than the conventionai
method 6\‘ creating new sectors within a preexisting cell.

it will be apparent to those skilled in the art that various modifications and
variations can be made to the present invention without departing from the scope or
spirit of the invention. It is intended that the specification and examples be
considered as exemplary only, with the true scope and spirit of the invention being

indicated by the following claims.

15
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WE CLAIM:
1. A method of communicating between a base station and a mobile unit

located within a cell of a cellular communication system comprising the steps of:

radiating an array of geographically spaced beam-spots within the cell. each
of said beam-spots having a plurality of communication channels and at least one of
the communication channels being assigned to the mobile unit;

sensing, at the base station, received signa!l strength of the mobile unit
communicating in the cell; and

radiating the communication channels assigned to the mobile unit to a

selected number of beam-spots based on the received signal strength from the

mobile unit.

2. The method of claim 1, including the step of selecting the number of

beam-spots based on a dwell time of the mobiie unit.

3. The method of claim 1, wherein the selected beam-spots are determined
according to the greatest received signal strength.

4. The method of communicating as defined in claim 1, wherein the method
of communicating is applied to a plurality of cells arranged in a network.

5. The method of claim 1, the step of radiating an array of geographically
spaced beamf-spots inciludes the substep of rearranging the array of geographically
spaced beam-spots based on a traffic pattern of mobile units within the cell.

6. A method of communicating with a mobiie unit in a cell of a radio

telephone system, comprising the steps of:
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radiating an array of geographicaliy spaced beam-spots, each of said beam-

spots having a plurality of communication channels;

selectively activating at least one channel, within each beam-spot, assigned
to mobile units using the telephone system, the step of selectively activating
including the substep of deactivating the channels assigned to the mobile unit in a
first one of the beam-spots which the mobile unit has left and activating the channels
in a second one of the beam-spots being entered by the mobile unit;

monitoring traffic patterns in the cell;

determining, based on the monitoring step, whether the traffic patierns have

changed by more than a predetermined amount;

controlling a muiti-beam antenna array to reform the beam-spots in

accordance with a change in traffic patterns if the change has exceeded the

predetermined amount.
7. The method of claim 6, wherein the step of monitoring further inciudes the

step of sensing the traffic load by monitoring the number of active channeis in the

beam-spots.

8. The method according to claim 7, wherein the determination step includes
the substep of analyzing changes in average mobile density.

9. The method of communicating as defined in claim 6, wherein the method
of communicating is applied to a plurality of cells arranged in a network.

10. A method of communicating with a mobile unit in a cell of a radio

telephone system comprising the steps of:
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radiating an array of geographiqaliy spaced beam-spots, each of said beam-
spots having a plurality of communication channels;

selectively activating at least one channel, within each beam-spot, assigned
to mobile units using the telephone system, the step of selectively activating
Including the substep of deactivating channels associated with beam-spots the
mobile unit has past and activating channels the mobile unit is estimated to enter;

monitoring traffic patterns in the cell:

determining, based on the monitoring step, whether the traffic patterns have
changed by more than a predetermined amount;

controliing a multi-beam antenna array to reform the beam-spots in

accordance with a change in traffic patterns if the change has exceeded the

predetermined amount.

11. The method of claim 10, wherein the step of monitoring further includes
the step of sensing the traffic ioad by monitoring the number of active channels in
the beam-spots.

12. The method according to claim 10, wherein the determination step
includes the substep of analyzing changes in average mobile unit density.

13. The method of claim 10, wherein the substep of analyzing which beam-
spot the mobile unit will enter includes the substep of detecting a previous direction
of the mobile unit.

14. The method of communicating as defined in claim 10, wherein the

method of communicating is applied to a plurality of cells arranged in a network.
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15. A radio-based telephone system comprising:

an adaptive antenna array for providing reconfigurable beam-spots within a
predefined area, each beam-spot containing one or more channels assigned to
mobile units using the telephone system; and

control means for selectively activating the channels to deactivate the channel
assigned to the mobile unit when a mobile unit exits a first beam-spot and to activate

the channel assigned to the mobile unit when the mobile unit enters a second of the

beam-spots.

16. The telephone system of claim 15, further including receivers for

determining the exiting and entering.

17. The telephone system of claim 16, wherein the receivers further include

means for measuring signal strength from the mobile units, and wherein the control

means includes means for activating the channel assigned to the mobile unit basead

on the strongest signal.
18. A cell in a radio telephone network comprising:

base station means for controlling mobile unit telephone traffic in a cell, the

base station including:

means for dividing the cell into zones arranged according to the
number and location of mobile units within the cell, one of the zones being a high

capacity zone, and one of the zones being a lower capacity zone,

means for covering the zones with beam-spots, the number of beam-

spots and the size of each beam-spot within the zones being determined according

to traffic patterns of the mobile units within the zones;
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wherein the means for d?viding further includes means for reconfiguring
the zones based on a change in the traffic patterns within the cell and the means for
covering including means for reconfiguring the beam-spots based on a change in
the traffic patterns of the mobile units with the zones.

19. The cell of ciaim 18, further comprising a plurality of base stations
arranged in a network.

20. The cell of claim 18, further including control means for selectively
activating channels assigned to the mobile units to deactivate the channels assigned
to a mobile unit when the mobile unit exits a first of the beam-spots and to activate
the channels assigned to the mobile unit when the mobile unit enters a second of

the beam-spots.

21. A method of communicating with mobile units in a cell of a radio

telephone system, comprising the steps of:
dividing the cell into zones arranged according to a number and iocation of

mobile units within the cell, one of the zones being a high capacity zone, and one of
the zones being a lower capacity zone;

covering the zones with beam-spots, the number of beam-spots and the size
of each beam-spot within the zones being determined according to traffic patterns of
the mobile units within the zones:

reconfiguring the zones based on a change in the traffic patterns of the
mobile units within the cell and reconfiguring the beam-spots based on a change in

the traffic patterns of the mobile units with the zones.
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22. The method of claim 21, further including the step of selectively
activating channels assigned to the mobile units to deactivate the channels assigned
to a mobile unit when the mobile unit exits a first of the beam-spots and to activate

the channels assigned to the mobile unit when the mobile unit enters a second of the

beam-spots.

23. The method of claim 21, the step of reconfiguring the zones and the

ep of reconfiguring the beam-spots being based on previous traffic patterns.

.

st

24. A method of communicating with a terminal in a cell of a cellular radio
system, comprising the steps of:

radiating an array of geographically spaced beam-spots in said cell, each of
said beam spots having a plurality of communication channels; and

selectively activating at least one channel within each beam-spot assigned to

at least one terminal using the cellular radio system, and using said channel for

communication with said terminal;
characterized by the steps of:

monitoring traffic patterns in the cell; and

reforming the beam-spots in accordance with changes in the monitored traffic

patterns.

25. A method as defined in claim 24, wherein the step of monitoring traffic
patterns comprises monitoring the number of active channels in the beam-spots.

26. A method as defined in claim 25, wherein the step of monitoring traffic

patterns further comprises analyzing changes in average terminal density.

21
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27. A method as defined in claim 24, comprising:

dividing the cell into zones according to the monitored traffic patterns, at least

one of the zones being a high capacity zone and another of th

capacity

&

zone;

e zones being a lower

diating beam-spots into the zones, the number of besz

of each beas

patterns; and

reconfiguring the zones based on a changes of traffic p

m-spots and the size

m-spot in each zone being determined according to the monitored traffic

atterns within the ceil.

28. A method as defined in claim 27, wherein the step of reconfiguring the

zones and the step of reforming the beam-spots are pased on

monitored previously.

traffic patterns

29. Apparatus for communicating with a terminal in a cell of a cellular radio

system,

comprising:

means for radiating an array of geographically spaced beam-spots in said cell,

each of said beam spots having a plurality of communication channels; and

means for selectively activating at least one channel within each beam-spot

assigned to at least one terminal using the cellular radio system, and using said

channel

for communication with said terminal,

characterized by further comprising:

means for monitoring traffic patterns in the cell; and

means for reforming the beam-spots in accordance with changes in the

monitored traffic patterns.
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