OPIC

OFFICE DE LA PROPRIETE

INTELLECTUELLE DU CANADA t‘.

(72) Chao, P1-Hui, US
(72) I, Chih-Lin, US

CIPO

(CANADIAN INTELLECTUAL

PROPERTY OFFICE

(12) (19) (CA) Brevet-Patent

(73) AMERICAN TELEPHONE AND TELEGRAPH COMPANY, US

1) Int.C1.°> HO4B 1/40

30) 1993/11/23 (156,506) US

34 METHODE ET APPAREIL D AFFECTATION DYNAMIQUE DES
CANAUX POUR SYSTEME DE COMMUNICATION SANS FIL

34) METHOD AND APPARATUS FOR DYNAMIC CHANNEL
ALLOCATION FOR WIRELESS COMMUNICATION

400

N Input

402 e Pair

AcCcess
Request

404
Free

Table?
No

406 Any

Pairs

Yes

408 Free

Pairs In

Table?

Yes

Yes Pair In Base
Station ACO

Being Used By
One Neighbor?

Neighbor's ACO

NO

No

41 0\___
Assign Free Pair (404)
»  QOr 1 User Pair (406)

(57) The present invention concerns the efficient use of the radio spectrum in wire!
occupancy data and channel availability data concerning a specific
frequency channels to mobile units and/or base stations. The channel

From Base Siation's
ACO Table

|

41 2\
Send Out Data Re
Pair Assigned
To Neighboring
Base Stations

base station and 1

(11) (21) (C) 2,1 18,273
22y 1994/10/17
43) 1995/05/24
45y 2000/04/25

ess communications. Channel
's neighbors are used to assign

occupancy and availability data may be located

at a base station or at a mobile switching center. Channels are preferably assigned as channel pairs.

I*I Industrie Canada  Industry Canada



10

2118273

METHOD AND APPARATUS FOR DYNAMIC CHANNEL ALLOCATION FOR
WIRELESS COMMUNICATION

Abstract

The present i1nvention concerns the efficient use of
the radio spectrum in wireless communications. Channel
occupancy data and channel availability data concerning a
specific base station and its neighbors are used to assign
frequency channels to mobile units and/or base stations.
The channel occupancy and availability data may be located
at a base station or at a mobile switching center.

Channels are preferably assigned as channel pairs.
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METHOD AND APPARATUS FOR DYNAMIC CHANNEL
ALLOCATION FOR WIRELESS COMMUNICATION

Field of the Invention

The present 1nvention relates to the field of
wireless communication. More particularly it relates to

the efficient use of the radio frequency spectrum by
wlreless communication devices.

Background of the Invention
Wireless communication networks are typically

comprised of a mobile switching center, base stations and
moblle/portable units ("mobile units"). The base stations
are typically hardwired to the mobile switching center
through communication lines such as optical communication
lines. Each base station provides coverage for mobile
units within a specified area called a "cell".

When a mobile unit 1s within a particular cell and
requests access, the base station for that cell assigns a
frequency channel pair to the mobile unit. The frequency
channel pair 1s comprised of an "uplink" frequency channel
which 1s used for transmitting signals from the mobile
unit to the base station, and a "downlink" frequency
channel, which 1s used for receiving signals at the mobile
unit from the base station. The frequency channel pair
assigned to a particular mobile unit can be thought of as
a single frequency channel and is often described as such
by those skilled in the art. A mobile unit, such as a
cellular telephone, can communicate with other mobile
units or hardwired units, through its communications with
a base station. _

The use of mobille unit wireless communication devices

such as cellular telephones, Personal Communications

Networks (PCN), wireless Private Branch Exchanges (PBX'’s),

and wireless Local Area Networks (LANs) is rapidly
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increasing. However, the radio frequency spectrum which
1s used in wireless communications is essentially
comprised of a finite number of frequency channels.
Varlous channel allocation techniques have been emploved
for the efficient use of this limited resource.

Dynamic Channel Allocation (DCA) is a broad title for
several techniques for efficiently using the radio
frequency spectrum. 1In DCA techniques, channel pairs are
not preassigned to base stations.

Present DCA techniques can be grouped into two
categories: traffic adaption and interference adaptation.
"Timid", "Aggressive", and "m-Persistent Polite
Aggressive" ("m~-PPA") systems are examples of interference
adaptation techniques. These techniques are also called
distributed techniques because they allow mobile units to
make decilisions concerning channel allocation.

In a "Timid" technique a mobile unit measures the
interference signal level on a channel pair and seizes
that channel pair if the level indicates that no mobile
units within a certain area, called a "neighborhood", are
using that channel pair. In an "Aggressive" technigque, a
moblle unit, after an unsuccessful attempt to find an
unused channel pailir, sends out a "seize" signal on a
channel whose interference level indicates that only one
other mobile unit in the seizing mobile unit’s
neighborhood 1s using the corresponding channel pair. The
other mobile unit, called the disturbed mobile unit,
recelves the "seize" signal and then looks for another
channel pair. The "m-PPA" technique, is similar to the
"Aggressive" technique, however, i1if the disturbed mobile
unit cannot find another available channel pair the
selzing mobile unit releases the seized channel pair and
searches for another channel pair.

For "Timid", "Aggressive", or "m-PPA" techniques to

work well, the mobile unit needs to be able to measure all
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channel pairs to determine which pair to make an attempt
on. This may not be feasible. Furthermore the
"Aggressive" technique can become unstable because when
one mobile unit disturbs another it may start a series of
changes 1n channel pair occupancy.

The "m-PPA" technique appears to give the best
results however this technique also has drawbacks. The
delay 1ntroduced to see whether a disturbed mobile unit
can find another channel pair may not be satisfactory. In
addition, multiple attempts to seize channel pairs by
multiple mobile units throughout a wireless network may
create unsatisfactory levels of interference on mény
channels. .

In traffic adaptation DCA techniques, channel pairs
are assigned to or occupied by mobile units based on
actual data concerning channel pair usage by mobile units.
Traffic adaptation does not require the measuring of
interference signal level but rather the reporting of data’
concerning actual channel pair usage. Maximum Packing DCA
(MP DCA) 1s a theoretical optimum for a traffic adaptation
technique. In MP DCA centralized information determines
which frequency channel pairs are used by all mobile units
1n a network. Each time a mobile unit requests a
frequency channel pair for communication, the best
possible allocation scheme is determined an& all channel
palir allocations are updated. MP DCA requires centralized
coordination and global information which is almost
lmpossible to achieve in a network with a large number of

channels and cells.

Summary of the Invention

One object of the present invention is to provide
efficient use of frequency channels in wireless

communication systems.
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A further object of the invention to provide a
dynamic channel allocation technigue which does not
introduce significant delay in setting up calls or
communications between base stations and mobile units.

A further object of the invention is to provide a
dynamic channel allocation technique which produces a

minimum amount of i1nterference.

A further object of the invention is to provide an
efficient traffic adaptation technique for channel

allocation.

The above objects as well as other advantages are
accomplished in one embodiment of the present invention by
providing channel pair occupancy and channel pair
avallability data at each base station for that base
station and for its neighboring base stations. The
nelghboring base stations can be defined using, for
example, a l-cell or 2-cell buffering reuse constraint.
The data 1s preferably provided in the form of an
augmented channel pair occupancy (ACO) table. In this
embodiment the channel pair occupancy and channel pair
avallability data is used to assign frequency channel
palrs to requesting mobile units. Data in the table is
changed based on channel pair occupancy and channel pair
avallability data received from neighboring base stations.

In another embodiment of the invention,- dynamic
channel allocation 1s accomplished by providing channel
palr occupancy and channel pair availability data at a
moblile switching center and using this data to assign
channel pailrs to requesting base stations and mobile
units.

In another form of the present invention, data
concerning channel pair occupancy by a base station and
channel palrs avallable to a base station is transmitted

from a base station to i1ts neighboring base stations.
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In another embodiment, channel pair occupancy and
channel pailr availlability data i1s provided in the form of
multiple tables located at a single mobile switching center
and this data 1s used to assign channel pairs to base
stations and mobile units. In another form of the present
invention the same data 1is provided in a combined table
located at a single mobilile switching center and this data is
used to assign channel palrs to base stations and mobile
units.

In accordance with one aspect of the present invention
there is provided a base station comprising: a receiver
having an input and an output, a transmitter having an input
and an output, a filter having a data signal input and a
data signal output, whose data signal input is connected to
the output of the receiver, said filter further having a
control input, means for generating signals of different
frequencies, said means having a data signal input, a data
signal output, whose data signal output is connected to the
input of the transmitter, said means further having a
control input, a processor, having a data signal input, a
data signal output, whose data signal input is connected to
the data signal output of the filter, and whose data signal
output 1s connected to the data signal input of the means
for generating signals of different frequencies, said
processor further having first and second control outputs
connected to the control inputs of the filter and the means
for generating signals of different frequencies
respectively, a storage device having an input which is
connected to the data signal output of the processor, and an
output which 1s connected to the data signal input of the
processor, sald storage device storing channel occupancy
data corresponding to frequency channel usage by said base

station and by neighboring base stations and channel

T T e e e e g
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avallability data corresponding to the number of channels
avallable to saild base station and each of its neighboring
base stations, wherein the processor receives at its data
signal input frequency channel requests from mobile units
from the output of the filter via the output of the receiver
and'assigns frequency channels to mobile units based on the
channel occupancy data and the channel availability data in
the storage device, wherein if there is at least one
available channel at the base station the processor assigns
one of the available channels to a requesting mobile unit,
otherwise 1f the base station has no available channels the
processor assigns to the requesting mobile unit a channel
which 1s not being used by the base station and which is
being used by only one neighboring base station when that
neighboring base station has at least one available channel,
and wherein the processor updates said channel occupancy
data and saild channel availability data in the storage
device to reflect the assignment of a channel to a
requesting mobile unit, and wherein channel usage by said
neighboring base stations is acquired from the neighboring
base stations.

In accordance with another aspect of the present
invention there is provided a method for assigning channels
at a base station comprising the steps of: storing channel
occupancy data corresponding to channel usage by said base
station and by its neighboring base stations and channel
avallability data corresponding to the number of channels
avallable to said base station and each of its neighboring
base stations, receiving a channel access request,
determining from said channel occupancy data and said
channel avalilability data whether there is a channel which
18 not being used by said base station or by its neighboring

base stations, wherein 1f there is at least one available
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channel at the kase station assigning one of the available
channels, otherwise if the base station has no available
channels assigning a channel which is not being used by the
base station and which is being used by only one neighboring
base station when that neighboring base station has at least
one avallable channel, updating the channel occupancy data
and said channel availilability data after a channel
assignment, and wherein channel usage by said neighboring
base stations 1s acquired from the neighboring base
stations.

Brief Description of the Drawings

Fig. 1 1llustrates a simplified wireless communication
network:

Fig. 2 i1llustrates a simplified base station network;

Fig. 3 shows an exemplary base station;

Figs. 4A and 4B show exemplary ACO tables;

Fig. 5 shows a flow chart of a channel pair assignment
method 1n accordance with the present invention;

Fig. 6 illustrates a base station network hardwired to
a mobilile switching center;

Figs. 7A, 8A, 9A, and 10A show exemplary ACO tables for
several base stations before channel assignment, where the
tables are located at a single mobile switching center;

Figs. 7B, 8B, 9B, and 10B show exemplary ACO tables for
several base stations after channel assignment, where the
tables are located at a single mobile switching center;

Fig. 11A 1llustrates an ACO combined table before
channel assignment located at a single mobile switching
center; and

Fig. 11B 1llustrates an ACO combined table after

channel assignment located at a single mobile switching

center. "
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Detailed Description

Fig. 1 illustrates a simplified wireless
communication network 10 comprising a mobile switching
center 12, a plurality of base stations, including base

5> stations 20, 22, and 24, frequency channel pairs 30, 32,
34, 36, 38, and 40, and mobile units 60, 62, 64, 66, 68,
and 70.
Base station 20 is shown communicating to mobile
units 60 and 62 through frequency channel pairs 30 and 32
10 respectively. Base station 22 is shown communicating to
- mobile units 64 and 66 through frequency channel pairs 34
and 36 respectively. Base station 24 is shown
communicating to mobile units 68 and 70 through frequency
channel pairs 38 and 40 respectively. A mobile unit
15 requests access to a frequency channel pair on a reguest
frequency channel and, if access is possible, is assigned
a frequency channel pair.
If the appropriate channel pair or pairs are
available, a mobile unit, such as mobile unit 60, can
20 communicate with any other mobile unit within the network
10 or with any unit that is hardwire connected to the
moblle switching center 12. Each base station is hardwire
connected to the mobile switching center 12. Further
devices, not shown may also be hardwire connected to the
25 mobile switching center 12.

Figs. 2, 3, 4A and 4B illustrate a simplified base
station network 110 and more detailed aspects of base
stations 112 and 126. These figures also illustrate the
concept of neighboring base stations. The components of

30 the figures will be described generally first and then in
more detail with respect to the dynamic channel allocation
apparatus and method of the present invention.

The base station network 110 of Fig. 2 includes base
stations 112, 120, 122, 124, 126, 128, 130, 132, 134, and

35 136. The base stations would typically be hardwired to a
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moblle switching center, such as mobile switching center
12, as shown in Fig. 1. The network 110 includes a
plurality of further base stations which are not shown,
and which may number in the hundreds, thousands, or more.
Each base station has base stations adjacent to 1t, which
1n this example will be defined as its "neighboring" base
stations. For example, base station 112 has neighboring
base stations 120, 122, 124, 126, 128, and 130 while base
station 126 has neighboring base stations 112, 124, 128,
132, 134, and 136.

In the simplified base station network 110 of Fig. 2,
each base station is not permitted to use any of the
frequency channel pairs which are used by any of its
neighboring base stations. In this case, the "neighbors"
are defined as the base stations which are adjacent |
another base station. For example, base station 112 is
not permitted to use any of the frequency channel palirs
being used by base stations 120, 122, 124, 126, 128, and
130. This constraint is known as a reuse constraint of 1-
cell buffering. The concurrent use of frequency channels
by a base station and one of its neighboring base stations
results 1n poor communications between mobile units and
base stations.

The l-cell reuse constraint discussed is exemplary
and a higher reuse constraint such as 2-cell may be used
to define "neighbors". For a 2-cell reuse constraint,
base station 112, for example, would also not be able to
use a frequency channel being used by base stations 132,
134, or 136. Thus for a 2-cell reuse constraint, the
"neighboring" base stations of base station 112 would
include base stations 132, 134, and 136.

Fig. 3 shows a more detailed diagram of the base
station 112, which comprises a receiving antenna 212, a
transmitting antenna 214, a bandpass filter 216, a voltage
controlled osclllator 218, an amplifier 220, a processor

224, an output port 226, an input port 228, and a storage
device 230. The output port 226 and input port 228 are
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hardwired through communication lines to a mobile
switching center such as the switching center 12 of Fig.
1. Voltage controlled oscillator 218 has a data signal
input line 222. Processor 224 further comprises control
lines 221 and 223, data signal input line 225, and data
signal output line 227. The input port 226 and output
port 228 may also be combined in a single bidirectional
input/output port.

The general operation of a base station, such as base
station 112, in communicating with a mobile unit will now
be described. The processor 224 examines data storage
device 230 to determine which channel pairs have been
assigned by base station 112, and then cycles through the
assigned channel pairs communicating with the respective
mobile units.

For example, 1f channel pair "B" was assigned to a
first mobile unit, processor 224 tunes bandpass filter 216
to the uplink frequency channel of channel pair "B"
through control line 221. When a signal having that
uplink frequency is received by receiver antenna 212 from
a moblle unit, it is passed through bandpass filter 216,
amplified by amplifier 220 and sent to processor 224.
Processor 224 preferably includes a device such as an
analog to digital converter to change the analog signal
received at the receiver antenna 212 into a digital
signal. The digital signal can then be sent from the base
station either directly to another mobile unit or from the
base station to a mobile switching center and then to
another mobile unit or to a hardwired device, as known in
the art.

To transmit signals to a mobile unit, the processor
224 sets the voltage controlled oscillator 218, through
control line 223, to the downlink frequency of the
assigned frequency channel pair, which in this example is
channel pair "B". The processor 224 then sends digital
signals out on its data signal output line 227. The

digital signals are received at the data signal input 222
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of the voltage controlled oscillator 218 and cause the
osclllations to cease or continue depending respectively
on whether a "1" or "O0" digital signal is output. Other
techniques known in the art for transmitting digital
signals can also be used. '

The processor 224 can change the receive frequency
channel simply by tuning the bandpass filter 216 to a
different frequency. The processor 224 can change the
transmitted frequency channel by changing the control
signal on control line 223 to change the frequency of the
voltage controlled oscillator 218. The processor 224 thus
can communicate through a plurality of frequency channel
palrs to allow the base station to communicate with a
plurality of mobile units.

Alternatively, a plurality of transmitting antennas
and a plurality of receiving antennas can be provided as
known in the art. Each transmitting antenna can be
coupled to a filter or oscillator which is set to transmit
a specific frequency. Each receiver can be coupled to a
filter which is set to a particular frequency. With a
plurality of transmitters and receivers, the processor can
communicate with a plurality of mobile units at virtually
the same time.

Also a single receiving antenna coupled to a
plurality of filters and a single transmitting antennas
coupled to a plurality of filters or oscillators can be
used. |

Figs. 4A and 4B show exemplary augmented channel pair
occupancy (ACO) tables 300 and 310 for the base stations
112 and 126, respectively, of Fig. 2. The format of both
tables 300 and 310 is the same and a general description
of the type of information provided will be described with
reference to table 300.

The table 300 is located in the storage device 230 of
Fig. 3. The ACO table 300 includes channel pair occupancy
data 302 and channel pair availability data 304 for base
station 112 and its neighboring base stations, 120, 122,



10

15

20

25

30

35

«118273

- 10 -

124, 126, 128, and 130, where its "neighbors" are defined
by a l-cell buffering or l-base station buffering reuse
constraint.

Channel pair occupancy data 302 indicates whether a
speclfic base station is using one of eight channel pairs
A-H. For example, the row for base station 112 shows an
"X" under columns labelled "B" and "E". This indicates
that base station 112 is using channel pairs "B" and "E"
(1.e. the base station is communicating with one mobile
unit on channel pair "B" and another mobile unit on
channel pair "E" ). Similarly the row for base station
120 shows an "x" under columns labelled "A", "D", and "G"
and this indicates that base station 120 is using channel
pairs "A", "D", and "G". Channel pair occupancy '
information is similarly shown for the other neighboring
base stations of base station 112, namely base stations
122, 124, 126, 128, and 130.

The channel pair availability data 304 of the ACO
table 300 indicates whether there is a channel pair
available for a particular base station. The number of
channel pailrs available to a base station depends on both
the channel pairs that the base station is using and the
channel pairs its neighboring base stations are using.
For example, the row for base station 112 shows that base
station 112 currently has "0" channel pairs available
because every channel pair A-H is being used either by
base station 112 or by one of its neighboring base
stations 120, 122, 124, 126, 128, and 130. The lack of
avalilable channel pairs can be seen by observing that
there 1s an "x" 1in each frequency channel pair column "A"
through "H" 1n ACO table 300.

The channel pair availability data for neighboring
base stations 120, 122, 124, 126, 128, and 130, which is
shown in the channel pair availability data 304, cannot be
determined by looking at the channel pair occupancy data
302. The channel pair availability data for each of
neighboring.base stations 120, 122, 124, 126, 128, and 130



10

15

20

25

30

35

2118273

- 11 -

comes from thelr own ACO tables. For example, the ACO
table for base station 126 is shown in Fig. 4B. The ACO
tables for base stations 120, 122, 124, 128, and 130 will
be similar, however their neighboring base stations will
differ.

The ACO table 310 located in base station 126, and
shown 1in Fig. 4B, will now be described. The ACO table
310 has the same format as the ACO table 300 of Fig. 4A.
The ACO table 310 includes channel pair occupancy data 312
for channel pairs "A" through "H" similar to the channel
palr occupancy data 302 for channel pairs "A" through "H"
1n ACO table 300. The ACO table 310 also includes channel
palr avallability data 314 similar to the channel pair
availability data 304 in Fig. 4A. The difference between
table 300 for base station 112 and table 310 for base
station 126 is that base station 112 has neighbors 120,
122, 124, 126, 128, and 130 while base station 126 has
neighbors 112, 124, 128, 132, 134, and 136.

It can be seen by examining the channel pair
availability data 314 of ACO table 310 that base station
126 has one channel pailir available. This can also be seen
by examining the columns of the channel pair occupancy
data 312. The column for channel pair "D" does not have
an "x" 1n 1t and this indicates that channel pair "D" is
not being used by base station 126 or any of its
neighboring base stations 112, 124, 128, 132, 134, or 136.

The number of channel pairs available to the other

- base stations 120, 122, 124, 128, 130, 132, 134, and 136

can be determined by examining the channel pair occupancy
data of their ACO tables in the same manner as determined
for base station 112 and 126. The number of channel pairs
avallable to each neighbor is reported to base station 112
from its neighboring base stations 120, 122, 124, 126,
128, and 130 and stored as the channel pair availability
data 304 of the table 300. For example, base station 126
has one free channel pair, channel pair "D", which is not

being used by base station 126 or any of its neighboring
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base stations. Base station 126 sends a digital signal
indicating the number of channels avallable, in this case
"l", to the mobile switching center, such as the mobile
switching center 12 in Fig. 1, which sends this digital
signal to base station 112 via input port 228 shown in
Fig. 3. Base station 112 records the information in the
channel availability data 304 of its ACO table 300 in the
row for base station 126, as the number "1".

The channel pair allocation operation of the
embodiment shown by Figs. 1-4 will now be described. A
channel palr access request signal from a mobile unit is
received by the receiver 212, shown in Fig. 3. The
request signal is filtered by bandpass filter 216 which is
tuned to an access signal frequency channel, amplified by.
amplifier 220, and processed by processor 224. The
processor 224 determines that a channel pair access
request has been received and then determines whether base
station 112 has an available channel pair by examining the
row for base station 112 in the channel pair availability
data 304 of the ACO table 300. Alternatively, the channel
palr occupancy data 302 could be examined.

If there was such an available channel pair, the
requesting mobile unit would be assigned that channel
palr. Communications between the mobile unit and the base
station 112 would then take place on that channel pair.

In addition, the channel occupancy data 302 and the
channel availability data 304 would be updated.

The channel pair availability data 304 in Fig. 4A,
however shows "0" available channel pairs in the row for
base station 112. Processor 224 determines that there are
"O" available channel pairs for base station 112 and next
examines the channel pair occupancy data 302 in the ACO
table 300 to determine if there is a single-user channel
palr which 1is not being used by base station 112 and which
1s being used by only one of the neighboring base stations
120, 122, 124, 126, 128, and 130. In this case channel

pairs "D" and "F" are only being used by base stations 120
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and 126 respectively. This can be seen by the single "x"
1n the "D" and "F" columns of ACO table 300 of Fig. 4A.

Processor 224 then examines the channel pair
avallability data 304 to determine whether there is a
channel pair available to either base station 120 or base
station 126. In this case, the row for base station 120
shows "0" available channel pairs and the row for base
station 126 shows "1" available channel palr. Thus, 1if
base station 126 is bumped from channel pair "F" it will
have another available channel pair.

Processor 224 then transmits a seize signal to the
output port 226 to send to the mobile switching center to
inform base station 126 that base station 112 will now be
using channel pair "F". Base station 126 receives the
seize signal from the mobile switching center and changes
the channel pair assignment to its other available channel
palr, channel pair "D". The processor 224 of base station
112 assigns channel pair "F" to the requesting mobile unit.
and updates the ACO table 300 to reflect changes in
channel pair occupancy and channel pair availability.

Both base stations 112 and 126 also send data to their
respective output ports, such as output port 226 for base
station 112, indicating the change in channel assignment
so that neighboring base stations can update their own ACO
tables. The data is sent to the mobile switching center,
such as mobile switching center 12 in Fig. 1, which in
turn sends 1t to the appropriate neighboring base
stations.

A method 1n accordance with the present invention
wlll now be described with reference to Figs. 1-5. Fig. 5
shows a flow chart 400 comprising blocks 402, 404, 406,
408, 410, and 412.

A mobile channel pair access request is received at a
particular base station, such as base station 112, at
block 402. The channel pair availability data in the ACO
table for a particular base station, for example for base
station 112, data 304 in table 300, is checked at block
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404 to determine 1f a channel pair is available to that
base station. If there is an available channel pair, the
avallable channel pair or one of the available channel
palrs 1s assigned to the mobile unit in block 410. If
there are a plurality of available channel pairs, a
particular available channel pair can be assigned on a
random basis.

After the channel pair i1s assigned, communications
between the base station and the mobile unit will take
place over the assigned channel pair. In block 412, data
concerning the channel pair assignment is sent out to
nelighboring base stations, which for base station 112
would comprise base stations 120, 122, 124, 126, and 130.
The data 1s preferably digital and is first sent to a
mobilile switching center, such as mobile switching center
12 1n Fig. 1, via an output port, such as output port 226
in Fig. 3, and then to the appropriate base station.

If no available channel pairs are available to this
base station, as was discussed above for base station 112,
the channel palr occupancy data in the ACO table, such as
data 302 in ACO table 300, 1is checked in block 406 to
determine 1f there is a single-user channel pair which is
not being used by this base station and which is being
used by only one neighboring base station. If there is no
such channel pair, the method loops back to block 404 to
begin looking for available channel pairs again. The
mobilile unit access request, also known as a "call", can
also be blocked instead of looping back to try again.

If there are such single-user channel pairs, the
channel pair availability data of the ACO table, such as
data 304 in Fig. 4A, is next checked in block 408 to
determine 1f the neighboring base stations which are using
these single user channel pairs have channel pairs
avallable to them. If one of these neighboring base
stations has an availlable channel pair, the current base
station selzes the single user channel pair and assigns it

to the requesting mobile unit in block 410. Digital
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signals specifying that this base station is now using the
seized channel palir are sent out to the neighboring base
stations such as the stations 120, 122, 124, 126, 128, and
130, 1in block 412. The neighboring base station which was
formerly using the seized channel pair, such as station
126, will stop using the seized channel pair, such as

channel pair "F", and use its available channel pair, such

as channel pair "D".

The ACO tables can be stored in an array or table of
memory locations 1in known memory devices such as a RAM.
The RAM can store digital "1"’'s to correspond to the "x"'’s
of the channel occupancy data such as data 302 shown in
Fig. 4A. The tables can be updated simply by writing over
a location in RAM. The RAM can also store the numbers
indlcating the channel availability data such as the data
304 shown 1n Fig. 4A.

Fig. 6 1llustrates another embodiment of the present
invention. In this embodiment, the ACO table information
from all base stations in a specified area is contained in
a mobile switching center 540. Fig. 6 illustrates base
stations 511, 512, 513, 514, 515, and 516, and mobile
switching center 540. The mobile switching center 540 is
connected to numerous further base stations which are not
shown and which may number in the hundreds or thousands.
The mobile switching center 540 includes a data bus 542, a
processor 544 and storage device 546, such as a RAM, for
storing channel pair occupancy and availability data.

Base stations 511, 512, 513, 514, 515, and 516 are
connected to the data bus 542 of the processor 544 by
bidirectional lines 531, 532, 533, 534, 535 and 536
respectively.

Filg. 6 is a simplified example in which it will be
assumed that each base station has only two neighboring
base stations, one to its right and one to its left.

Thus, for example base station 514 has two neighboring

base stations, 513 and 515. Base station 513 similarly
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has two neighboring base stations 512 and 514, and base
station 515 similarly has two neighbors 514 and 516.

Storage device 546 is adaptable for storing sets of
data concerning channel pair occupancy and channel pailr
avallability for base stations 511-516. Each set of data
may be 1n the form of an ACO table for each base station
simlilar to the table shown in Figs. 4A and 4B. For
example, Figs. 7A, 8A, 9A, and 10A show ACO tables for
base stations 514, 513, 515 and 512, respectively, which
are all located in the single mobile switching center 540.
Figs. 7B, 8B, 9B, and 10B show the same tables after
channel palr assignment. The sets of data may also be in
a single table as shown in Fig. 11A before channel palir
assignment and Fig. 11B after channel pair assignment. |

Figs. 7A-B, 8A-B, 92-B, and 10A-B include ACO tables
700, 800, 900, and 1000 respectively. The ACO tables 700,
800, 900, and 1000 further comprise channel pair occupancy
data 702, 802, 902, and 1002 and channel pair availability
data 704, 804, 904, and 1004 respectively. Each ACO table
contains data similar to that of Figs. 4A and 4B.

For example, Fig. 7A shows channel pair occupancy
data 702 for three channel pairs "A", "B", and "C". As
explained with reference to Fig. 4A, an "x" under those
columns 1ndicates that a base station is using that
frequency channel palir to communicate with a mobile unit.
Fig. 7A shows that base station 514 is using channel pair
"A", base station 513 is using channel pair "B", and base
station 515 1is using channel pair "C". Fig. 7A also
includes channel availability data 704 which includes the
number of channels availilable to a particular base station.
The channel availability data is labeled "#". 1In Fig. 7A,
base stations 514, 513, and 515 have "0", "1" and "O"
channels avallable respectively.

The channel pair allocation operation of the present
invention will be described for the multiple tabular
embodiment in a single mobile switching center 540 with

reference to Figs. 6-10. When a mobile unit requests
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access to a channel pair, for example from the base

station 514, the base station 514 sends a request to the
processor 544 of the moblle switching center 540 through
bidirectional line 534 and the data bus 542. The
processor 544 then examines the channel pair availability
data for base station 514 in storage device 546 to
determine 1f there are available channels. For the
multiple tabular case, the processor 544 examines the row
for base station 514 of the channel pair availability data
704, shown in Fig. 7A.

If there was an available channel pair, then that
channel palr would be assigned to base station 514.
However, 1n this case, base station 514 has "O".available
channel pairs. Next, the processor 544 checks the channel
palr occupancy data 702 in the ACO table 700 in Fig. 7A td
see 1f there are any single-user channel pairs which are
not belng used by base station 514 and which are being
used by only one neighboring base station. The columns
for channel pailrs "B" and "C" of the channel pair
occupancy data 702 show that channel pairs "B" and "C" are
beling used by only base stations 513 and 515 respectively.
The processor 544 next examines the rows for base station
513 and 515 of channel pair availability data 704 to
determine whether either of the base stations 513 or 515
has any available channel pairs. The channel pair
avalilability data 704 shows that the base station 513 has
"1l" channel pair available and base station 515 has "0"
channel pairs available. Therefore, the processor 544
assigns base station 514, and the requesting mobile unit,
channel pair "B". The assignment data is sent out to base
station 514 from processor 544 through data bus 542 and
bidirectional line 534.

Base station 513 is "bumped" from channel pair "B"
and assigned a new channel pair by first examining the
channel pailir occupancy data 802 of its ACO table 800 in
Fig. 8A to determine which channel pair is available. The

column for channel pair "C" has no "xXx"’'s in it indicating
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that channel palr "C" is currently not being used by base
station 513 or its neighboring base stations 514 and 512.
Thus channel pair "C" is assigned to base station 513.

The assignment data is sent out to base station 513 from

processor 544 through data bus 542 and bidirectional line

The channel pair occupancy data 702 and 802 for base
stations 514 and 513 as shown in Figs. 7A and 8A, are
modified after channel pair "B" is assigned to base
station 514, base station 513 is bumped from channel pailr
"B", and channel pair "C" is assigned to base station 513 .
The updated ACO data after all of these operations are
complete are shown in Figs. 7B and 8B. The channel palr
occupancy data 1in the ACO tables for the neighboring base
stations of base stations 513 and 514, are also updated.
The original ACO tables 900 and 1000 for base stations 515
and 512 are shown in Figs 9A and 10A, respectively. The
updates of those tables are shown in Figs. 9B and 10B.

The data can be updated simply by writing over the
contents of memory locations in RAM.

In general, 1f a base station is assigned a channel
pair or bumped from a channel palr, the channel pair
occupancy data of the ACO tables of all the neighbors of
that base station should be updated. Furthermore, when
the channels available to a particular base station
change, such as the change observed in the row for base
station 513, from Fig. 7A to Fig. 7B in the channel
availability data 704 column, the channel availability
data of the ACO tables of all of that base station’s
neighbors should be updated. 1In this case, the neighbors
would be base station 514 and 512.

Channel availilability data for a particular base
station can be determined by processor 544 examining the
channel occupancy data as described for Figs. 4A and 4B.
For example, for base station 514, the table in Fig. 7A 1is
examined by processor 544 to determine that there is an

"X" 1n each channel column and that therefore there are no
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channel pairs available. This data is stored as the
number "0" as shown in data 704 in the row for base
station 514 of Fig. 7A.
The number of base stations hardwired to a mobile

5 swltching center is usually much larger than the number of
neighboring base stations surrounding any one base
station. The present invention provides a dynamic channel
allocation technique which operates only on a base station
and 1ts neighbors and not the entire network. Although

10 Fig. 6 shows only 6 base stations connected to the mobile
switching center 540, there are typically hundreds or
thousands of such base stations.

The data shown in Figs. 7A-B, 8A-B, 9A-B, and 10A-B
1s duplicative. For example, the row for base station 514

15 1n Fig. 7A 1is the same as the row.for base station 514 in
Fig. 8A. Since the tables of Figs. 7A, 8A, 9A, 10A (and
later when they are modified 7B, 8B, 9B, and 10B) are
located 1n the same mobile switching center, it is
prefterable to combine the tables into one combined table

20 as shown in Figs. 11A-B. By combining the tables,
duplicative data can be eliminated and substantial memory
savings in the mobile switching center are achieved. 1In
addition, changes in channel occupancy data and channel
avallability data need only be made once.

25 Channel palr assignment in the single table case
located 1n a single mobile switching center functions in
largely the same manner as the multiple tabular case
located 1in a single mobile switching center, described
with reference to Figs. 7A-B, 8A-B, 9A-B, 10A-B. However,

30 when the processor 544 examines the ACO tabular
information for a particular base station it looks at a
particular set of data in the combined table.

For example, for base station 514, the set of data
labelled 1106, 1n Figs. 11A and 11B would be examined for

35 channel pailr occupancy and availability data, to determine
1f a channel could be assigned. The data labelled 1106 1is

exactly the same as the table shown in Fig. 7A.
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In this application, the term base stations includes
microcells such as disclosed in "Microcells in Personal
Communications Systems," IEEE Communications Magazine,

December 1992.

Various modifications to the embodiments disclosed

will be apparent to one skilled in the art.
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Claims:

1. A base station comprising:

a receilver having an input and an output,

a transmitter having an input and an output,

a filter having a data signal input and a data signal
output, whose data signal input is connected to the output
of the receiver, saild filter further having a control input,

means for generating signals of different frequencies,
sald means having a data signal input, a data signal output,
whose data signal output is connected to the input of the
transmitter, said means further having a control input,

a processor, having a data signal input, a data signal
output, whose data signal input i1s connected to the data
signal output of the filter, and whose data signal output is
connected to the data signal input of the means for
generating signals of different frequencies, said processor
further having first and second control outputs connected to
the control inputs of the filter and the means for
generating signals of different frequencies respectively,

a storage device having an input which is connected to
the data signal output of the processor, and an output which
1s connected to the data signal input of the processor, said
storage device storing channel occupancy data corresponding
to frequency channel usage by said base station and by
neighboring base stations and channel availability data
corresponding to the number of channels available to said
base station and each of its neighboring base stations,

wherein the processor receives at its data signal input
frequency channel requests from mobile units from the output

of the filter via the output of the receiver and assigns
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frequency channels to mobile units based on the channel
occupancy data and the channel availability data in the

storage device,

wherein 1f there is at least one available channel at
5 the base station the processor assigns one of the available
channels to a requesting mobile unit, otherwise if the base
station has no available channels the processor assigns to
the requesting mobile unit a channel which is not being used
by the base station and which is being used by only one
10 neighboring base station when that neighboring base station
has at least one avalilable channel, and wherein the
processor updates said channel occupancy data and said
channel availlability data in the storage device to reflect
the assignment of a channel to a requesting mobile unit, and
15 wherein channel usage by said neighboring base stations

1s acquired from the neighboring base stations.

2. The base station of claim 1 and further comprising
an ilnput port which 1s connected to the data signal input of
the processor, whereln the processor receives data from the

20 input port concerning frequency channel usage by neighboring
base stations and stores that data in said storage device as

part of said channel occupancy data.

3. The base station of claim 1 and wherein the
processor receives data from the output of the receiver via
25 the filter concerning frequency channel usage by neighboring
base stations and stores that data in said storage device as

part of said channel occupancy data.
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4, The base station of claim 1 wherein the processor
assigns a channel to a mobile unit by examining the channel
occupancy data and assigning a channel which is not being

used by said base station or by a neighboring base station.

5. The base station of claim 4 and further wherein
the processor determines from the channel availability data
that there i1s no channel available to the base station and
the processor assigns a channel by examining the channel
occupancy data and assigning a channel which is not being
used by said base station and which is being used by only
one neighboring base station when the channel availability
data 1ndicates that the neighboring base station has at

least one available channel.

6. The base station of claim 1 and further comprising
an input port which 1s connected to the data signal input of
the processor, wherein the processor receives data from the
input port concerning frequency channel availability at
neighboring base stations and stored that data in said

storage device as part of said channel availability data.

7. The base station of claim 2 wherein the processor
receives data at 1ts input from the input port concerning
the seizure of a channel which the base station is currently
using by one of said neighboring base stations, and said
processor changes the channel assignment at the base station
from the seized channel to a newly assigned channel based on
sald channel occupancy data, and wherein after the change in

channel assignment the processor changes the channel

“w———
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occupancy data 1n the storage device to show that the base
station 1s no lcnger using the seized channel and is now

using the newly assigned channel.

8. The base station of claim 1 further comprising an
output port which 1s connected to the data signal output of
the processor wherein the processor sends channel occupancy
data to the output port to send to neighboring based
stations following the assignment of a channel by the base

station.

9. The base station of claim 7 further comprising an
output port which is connected to the data signal output of
the processor wherein the processor sends channel assignment
data to the output port to send to neighboring base stations
following the change in channel assignment to a newly

assigned channel.

10. The base station of claim 1 wherein each channel

is further comprised of a pair of channels.

11. The base station of claim 1 wherein the
neighboring base stations are defined by a reuse constraint

of one cell buffering.

12. The base station of claim 1 wherein the
neighboring base stations are defined by a reuse constraint

of two cell buffering.
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13. The base station of claim 10 wherein the

neighboring base stations are defined by a reuse constraint

of one cell buffering.

14. The base station of claim 10 wherein the

neighboring base stations are defined by a reuse constraint

of two cell buffering.

15. A method for assigning channels at a base station
comprising the steps of:

storing channel occupancy data corresponding to channel
usage by sald base station and by its neighboring base
statlions and channel availability data corresponding to the
number of channels available to said base station and each
of its neighboring base stations,

receiving a channel access request,

determining from said channel occupancy data and said
channel availability data whether there is a channel which
1s not being used by said base station or by its neighboring
base stations, wherein if there is at least one available
channel at the base station assigning one of the available
channels, otherwise 1f the base station has no available
channels assigning a channel which is not being used by the
base station and which 1s being used by only one neighboring
base station when that neighboring base station has at least
one avallable channel,

updating the channel occupancy data and said channel
availability data after a channel assignment, and

wherein channel usage by said neighboring base stations

is acquired from the neighboring base stations.

e S T O .ttt e
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16. The method of claim 15 and further comprising the
steps of:

receiving data concerning frequency channel usage by
neighboring base stations and storing that data as part of

said channel occupancy data.

17. The method of claim 15 further comprising the step
of:

receiving data concerning channel availability at
neighboring base stations and storing that data as part of

said channel availability data.

18. The method of claim 15 further comprising the
steps of:

receiving data at a base station concerning the seizure
of a channel, which the base station is currently using, by
a neighboring base station, changing the channel assignment
at the base station from the seized channel to a newly
assigned channel based on said channel occupancy data, and

updating the channel occupancy data after the change in

channel assignment.

19. The method of claim 15 further comprising the step
of:
sending channel occupancy data to neighboring base

stations following the assignment of a channel by the base

station.
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20. The method of claim 18 further comprising the step
of:

sending channel assignment data to neighboring base
stations following the change 1n channel assignment to a

newly assigned channel.

21. The method ¢of c¢laim 15 wherein each channel is

comprised of a pair of channels.

22. The method of claim 21 wherein the neighboring

base stations are defined by a reuse constraint of one cell

buffering.

23. The method of claim 21 wherein the neighboring

base stations are defined by a reuse constraint of two cell

buffering.

24. The method of claim 15 wherein the neighboring

base stations ar=s defined by a reuse constraint of one cell

buffering.

25. The method of claim 15 wherein the neighboring

base stations are defined by a reuse constraint of two cell

buffering.

26. A mobile switching center comprising:

a processor having an i1nput and an output,

a storage device having an input and output, the output
of the storage device being connected to the input of the
processor and the input of the storage device being

connected to the output of the processor, wherein the
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storage device stores sets of data, each set of data
including channel occupancy data and channel availability
data for a particular base station, said channel occupancy
data corresponding to frequency channel usage by said base
station and by its neighboring base stations, said channel
avalilability data corresponding to the number of channels
available to saild base station and each of its neighboring
base stations,

wherein the processor recelives a channel access request
from a requesting base station and assigns a channel to a
requesting base station based on the channel occupancy data
and the channel availability data for that base station in
the storage device, wherein 1if there is at least one
avallable channel at the base station the processor assigns
one of the available channels to the base station, otherwise
if the base station has no available channels the processor
assigns to the base station a channel which is not being
used by the base station and which is being used by only one
neighboring base station when that neighboring base station
has at least one availlable channel, and wherein the
processor updates the channel occupancy data and the channel
availability data after a channel 1i1s assigned, and

wherein channel usage by said neighboring base stations

is acquired from the neighboring base stations.

27. The mobile switching center of claim 26 and
wherein the processor examines the channel occupancy data,
and assigns a channel which is not being used by said base

station or by its neighboring base stations.

e L e




10

15

20

CA 02118273 1999-05-19

- 29

28. The mobile switching center of claim 26 wherein

the processor determines from the channel availability data

that there 1s nc channel available to the base station and
the processor assigns a channel by examining the channel

occupancy data and assigning a channel which is not being
used by said base station and which is being used by only
one neighboring base station when the channel availability
data indicates that the neighboring base station has at

least one available channel.

29. The mobilile switching center of claim 26 wherein
the neighboring base stations are defined by a reuse

constraint of one cell buffering.
30. The mobile switching center of claim 26 wherein
the neighboring base stations are defined by a reuse

constraint of two cell buffering.

31. The mobile switching center of claim 26 wherein

~each channel i1is comprised of a pair of channels.

32. The mobile switching center of claim 31 wherein
the neighboring base stations are defined by a reuse

constraint of one cell buffering.

33. The mobile switching center of claim 31 wherein
the neighboring base stations are defined by a reuse

constraint of two cell buffering.




10

15

20

25

CA 02118273 1999-05-19

- 30 -

34. A base station comprising:

means for receiliving signals from a plurality of mobile
units on a plurality of frequency channels,

means for transmitting signals to a plurality of mobile
units on a plurality of frequency channels, .

storage means for storing frequency channel occupancy
data corresponding to frequency channel usage by said base
station and by its neighboring base stations and channel
avallability data corresponding to the number of channels
available to said base station and each of its neighboring
base stations,

a processor for assigning frequency channels to mobile
units wherein the processor assigns frequency channels to
mobile units based on said channel occupancy data and said
channel availability data, wherein if there is at least one
available channel at the base station the processor assigns
one of the available channels to a requesting mobile unit,
otherwise if the base station has no available channels the
processor assigns to the requesting mobile unit a channel
which is not being used by the base station and which is
being used by only one neighboring base station when that
neighboring base station has at least one available channel,
and wherein the processor updates the channel occupancy data
and the channel availability data after a frequency channel
1s assigned, and

wherein channel usage by sailid neighboring base stations

1s acquired from the neighboring base stations.




CA 02118273 1998-01-12

1/8

SWITCHING
CENTER

BASE BASE BASE
STATION STATION STATION

60 62




02118273 1998-01-12

CA

2/8

122

120

110
\

124

130

136

128

134

132

FIG. 2

--““---‘-“------ﬂﬁﬁ—------“ﬂ--------------

- aas e e o ey fan Gub AN AN GE WEE A WS G owr e dam ayp ok Per ey sh A D G W G R Ak

|

o <] !

¥ 0|

Of .

> 3 | !
> P

< m
|

o . 0

>— 5 o (8
/2 LL m"
N2 o'
Y "

S TE IR AaEE W T G W G A YR G PR R VR TR W P A e e e e el e e b e AR e

228

226

227




CA 02118273 1998-01-12

3/8

300

302

Channel Pair

_____ ChamnelPair
IEIEEIII
Station G| H Pairs
x| x| e
II.IIIII“

------.-—
2a x| L L] Ix] [ o

--.---I.—
BTN I R I
o | LTI T o

FIG. 4A



CA 02118273 1998-01-12

4/8

310

Channel Pair 314
Station| A C F |G| H| Pairs
126 | | x| | [x[ [ | i
otz | x| | x| | ]
c2a x| || || [x]
128 | | x| | ] [x[
e | L e
13 | |
we | | | [ [ | [ ] o




400

412
AN

CA 02118273 1998-01-12

5/8

404

Yes

Pair In Base
Station ACO

406 Any
Pairs
Being Used By

One Neighbor?

408 Free

Pairs In
Neighbor's ACO
Table?

410 Yes

Assign Free Pair (404)
Or 1 User Pair (406)

From Base Station's
ACO Table

Send Out Data Re
Pair Assigned
To Neighboring
Base Stations

FIG. 5



02118273 1998-01-12

CA

6/8

9tS

NOILVLS
45Vd

91§

49OVdOLS S1%°]
d0S5300dd [ P&

HILNID ONIHOLIMS

NOILVLS
35Vvd

SIS

129

NOILVLS
35vd

NOILVLS
45Vvd

143 A B

0)2°

ctS

NOILVLS
3Svd

¢S

LES

NOILLVLS
35Vvd

LS



CA 02118273 1998-01-12

: - 700 — —

- 702 — 1 704
Base |
Staton A | B | C | # |
514 | X 0

513 I X

515 X 0 !
FIG. 7A
—— 800 —
| 802 1 r8041
|
se
!_tlogl C #_4
513 1
514 | X 0
512 | 0

Statio

Base

FIG. 9A

7/8

700 - _
702 — 1704
_S?;t?c?g__ B | C #
514 X | o
X |0
X | 0
FIG. 7B
800 —
—— 802 — r8041
518 | [ X 10
514 | X | X 0
512 R
FIG. 8B
——— 900 — 1
— 902 11904~
st A | B | C | #
515 | X | 0
516 0
514 | 0




CA

02118273 1998-01-12

-~ 1000 ———
— 1002 /1004

s?aat?s A | B C | #

| 5131 0

N B

. 1
'511ﬁ|Lx | X | x| o0

FIG. 10A

P 1100 -
— 1102 T |'r11041
Base
[Station| A B B C #
512 0

FIG. 11A

8/8

— 1000 — -
— 1002 —r1004-
Base B
Staton A | B | C | #
512 0
513 X 0
1
511 | X X X {0
FIG. 10B
— 1100 —
' 1102 — r104
Base
EﬁanDl lx__. E; (3 __j#




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings

