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|nterPerence bet ween channel s of a radi o conmuni cati
a mobile radio conmunication system 2. Descriptid

In the field of nobile radio comunications, it has been custonary te
enpl oy a fixed allocation process for conﬁyolllng fixed frequencies to be
used in each radi o base station (hereinafter referred to as "base

METHOD OF AND APPARATUS FOR DYNAMIC CHANNEL ALLOCATION

BACKGROUND OF THE INVENTION
1. Field of the Invention:

The present invention relates to a method of and
an apparatus for dynamic channel allocation to reduce
interference between channels of a radio communication
system, particularly a mobile radio communication
system.

2. Description of the Related Art:

In the field of mobile radio communications, it
has been customary to employ a fixed allocation process
for controlling fixed.frequencies~to be used in each
radio base station (hereinafter referred to as "base
stations") at the stage of planning of installation of
the base station in view of the prevention of interfér—
ence between the base stations for effective utiliza-
tion of frequencies.

The fixed allocation process, however, is unable
to flexibly handle calls which vary from time to time.

For example, when all channels of a base station X
are busy, whereas sufficient empty channels are avail-
able in an adjacent station Y, then any new call origi-
nated within the base station X suffers a call loss.
If any empty channel available in the adjacent station

Y can be used by the base station X, such a new call
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stations") at the stage of planning of installation of the base station in
view of the prevention of interfer- ence between the base stations for
effective utiliza- tion of frequencies. The fixed allocation process,

however, is unable to flexibly handle calls which vary fromtinme to tine.

For exanple, when all channels of a base station X are busy, whereas

sufficient enpty channels are avail - abl e im Zmr adj acent station Y, then
origi- nated within the base station X suffers a call Ioss.
avai lable in the adjacent station Y can be used by the

any new cal

any enpty channel

base station X, such a new cal

does not suffer a call loss.

To eliminate the above shortcoming of the fixed
allocation process, there has been employed a dynamic
channel allocation system which allows all base
stations involved to freely use all available channels.

While various schemes are present for the dynamic
channel allocation system, the dynamic channel
allocation system basically operates by allowing all
base stations involved to freely use all available
channels after it has been checked whether a channel
which is going to be used by a base station is not
being used by an adjacent base station. Such a check
is carried.out becausé if each base station independ-
ently selected a éhannel without regard to the service
area configuration bf the base stations, then interfer-
ence would possibly be caused due to fading or the |
like.

A dynamic channel allocation system has been
proposed in which base stations individually Studies_
their service area configuration to reduce
interference. Such a proposed dyﬂamic channel
allocation system is disclosed in “"Proposal of a self-
controlled distributed channel allocation system, a
channel isolation system", Koretsuna Furuya et al.,
Electronic Communication Society, General National

Conference 10-47, 1986, and Japanese laid-open patent
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-2- does not suffer a call loss. To elinminate the above shortconing of the
fixed all ocation process, there has been enpl oyed a dynam c channel

al |l ocation system which allows all base stations involved to freely use al
avai |l abl e channels. Wil e various schenes are present for the dynamc
channel allocation system the dynam c channel allocation system basically
operates by allowing all base stations invotvdd-to freely use all available
channel s after it has been checked whet her a channel

publication No. 61-244137. The dynamic channel
allocation system based on channel isolation principles
will be described below.

FIG. 1 shows a general mobile communication sys-
tem. In FIG. 1, a mobile exchange 1 having a control
circuit 1, connects calls to a public telephone network
PSK and controls connection and distribution of calls
of four base stations 2; ~ 2,. The base stations 2; ~
2, are connected respectively to antennas 3; ™ 3,.

The base stations 2, ~ 2, have respective service
areas 4; ~ 44, as shown in FIG. 2. 1In FIG. 2, mobile
radio stations (hereinafter referred to as (mobile
stations") 5,, 5, are.present in the respective service
areas 4;, 4;. If the same frequency f, is used at the
same time in the area where service areas 43, 44 over-
lap each other, signals which use the same frequency-fl
interfere with each other. However, if different
frequencies £9, f4 are used in the area where service
areas 4,, 4, overlép each other, signals which use the
different frequencies fa, f3 do not interfere with each
other.

Priorities Py Py, "¢y Py, "+, P, as shown in
FIG. 3 are initially assigned respectively to channels
Cis €3y -4 C4, -+, C, differently for each base
station such that the channels will not overlap each

other between adjacent service areas of base stations.



which is going to be used by a base station is not being used by an

adj acent base station. Such a check is carried out because if each base
station independ- ently selected a channel without regard to the service
area configuration of the base stations, then interfer- ence would possibly
be caused due to fading or the like. A dynam ¢ channel allocation system
has been proposed in which base stations inﬁi%iﬂually studies their service
area configuration to reduce interference. Such a proposed dynam c channe
al l ocation systemis disclosed in "Proposal of a self- controlled

di stributed Chaﬂmglté%*OQ@&A&“EfQStSQ%daherein include the concept of

slots which are used in channels based on time-division
principles.

The priorities Py, P32,---, Pj, ", P, shown in
FIG. 3 are updated according to a routine shown in FIG.
4. The routine shown in FIG. 4 is carried out fér each
of the base stations 2; ~ 24. For example, the routine
shown in FIG. 4 for all the base stations 2, 2,4 is
stored in the control circuit la shown in FIG. 1.

According to the routine shown in FIG. 4, an
initial value of the priority P; (i = 1,2, --,n) is
established as system data in an external memory or an
internal memory.(ste§ 1001). Then, a priority change
count a is éet to "0" (step 1002). If a communication
request comes from a mobile station or a public network
(step 1003), then the priority table shown in FIG. 3 is
read from the memory, and a channel having the maximum
priority is selected (step 1004). Then, it is deter-
mined whether the selected channel is an empty channel
or not (step '1005). If the selected channel is an
empty channel, then the priority P of the selected
channel is increased (step 1006) as follows:

P =P + AP(a)
where AP(a) represents a priority function determined
by the priority change count a. The priority function

AP(a) is larger as-the priority change count a is



channel isolation systeni, Koretsuna Furuya et al., Electronic

Commruni cation Society, Ceneral National Conference 10-47, 1986, and
Japanese | ai d- open pat ent -3- publication No. 61-244137. The dynam c
channel allocation system based on channel isolation principles will be
described below. FIG 1 shows a general nobile comunication sys- tem In

FIG 1, a nobile exchange 1 having a contrcdt Titcuit 1[err] connects calls
to a public tel ephone network

smaller as shown in FIG. 5. Then, the channel selected
in the stép 1004 is allocated (a step 1007).

If the selected channel is not an empty channel in
step 1005, then the priority P of the selected channel
is reduced as follows (1008):

P=P - (P'(a)

Thereafter, it is determined whether there is any
remaining channel which has not been selected in the
step 1004 (step 1009). If there is any remaining chan-
nel, then the selected channels are excluded (step
1010), and the control returns to the step 1004. If
there is not any remaining channel, then a call loss
occurs, and a busy signal is generated (step 1011).

After the selected channel is allocated in the
step 1007 or the busy signal is generated in the step
1011, the priority change count a is incremented by wpe
(step 1012). Then, it is determined whether the prior-
ity change count.a has reached an upper limit value n =
ag, ©.9., "256" (step 1013). If the priority change
count a = ag, then the control returns to the step
1003. If the priority change count a > ag, then the
control returns to the step 1002 where the priority
change count a is cleared to "0", and thereafter the
control proceeds to the step 1003.

As described above, the priority is given to each

of the channels, and those channels which have higher



PSK and controls connection and distribution of calls of four base stations

2[err] ~ 2[err]. The base stations 2[err] ~ 24 are connected respectively
to antennas 3[err] ~ 3[err]. The base stations 2[err] ~ 2[err] have
respective service areas 4[err] ~ 4[err]; as showmm in FIG 2. In FIG 2,

nobi | e radi o stations (hereinafter referred té) as (nobile stations")
S5[err], 5[err] are present in the respective service areas 4[err], 4[err].
If the sanme frequency flerr] is used at the same tinme in the area where
service areas 43, 44 over- Iap each other signal s which use the sane

frequency f[erré?% f{{ég ff&%%%ﬁd |fTKgf§fgégﬁt of

frequencies f2 are use |n t e area ere service areas 4[err], 4[err]
overlap each otfefhamhdlals MU dhdtkf ddth time the channel is used,

and is reduced if the channel cannot be used.

The dynamic channel allocation system based on
channel isolation principles uses the priority function
AP(a) for calculating the priority P. Various pat-
terns have been proposed for use as the priority func-
tion AP(a). However, the priority function AP(a) with
the priority change count a used as a parameter as
shown in FIG. 5 is mainly employed in the art for
easily determining the priority P. To realize the
priority function AP(a) actually, however, the value
of the priority change count a diverges infinitely:
Therefore, the prierity change count a is cleared to
"0" when its value reaches an upper limit. This poses
a problem because the data accumulated in the past are
eliminated, preventing the system from developing a
learning effect.,

The priority function AP(a) is greater as the
priority change count a is smaller and is smaller as
the priority chenge count a is greater. Consequently,
the dynamic channel allocation system tends to become
stabilized quickly when the service area configuration
starts to be learned. However, when the dynamic chan-
nel allocation system is subjected to an abrupt change

in the environment after the service areas have suffi-



different frequencies flerr], f[err] do not interfere with each other.
Priorities Plerr], Plerr], , Plerr], ..., P[err] as shown in FIG 3 are
i.nitially assigned respectively to channels Cerr], Cerr], , Cerr],
Cn d:fferenLIy for each base station such that the channels will not

overl ap each ot her between adjacent service areas of ' . 4-
The term "channel s" used herein include the‘cBnEept o] Eﬁb%gé&h@gg g%@ used
in channel s based on tinme-division EPL

ciently been settled, e.g., when a new base station is
added to a service area, the dynamic channel allocation
system responds slowly, and it takes time before it
becomes stabilized for asigning good and appropriate
priority. For example, FIG. 6 shows a simulated result
of priority ratio when an interference detection ratio
changed from 0.5 to 0.8 for the priority change count
determined by the conventional return mode using the

priority function AP(a) shown in FIG. 5.

SUMMARY OF THE INVENTION

It is an object of the present invention to pro-
vide a method of and an apparatus for dynamic channel
allocation to allocate channels specifically to re-
quests for channel allocation while maintaining accumu-
lated data of the past.

To achieve the above object, there is provided in
accordance with the present invention a method of
dynamic channel allocation in a mobile communication
system, comprising the steps of assigning priority (P;)
to each of channels between radio base stations (2; ~
2,4) and ratio mobile stations (5; " 53), incrementing
by "1" a priority change count a, representing the
number of times that the priority changés, each time a

request for channel allocation occurs with respect to

This Sheet Has Been-Reﬂlaced
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principles. The priorities Plerr], Plerr], , Plerr],..., Pferr] shown

in FIG 3 are updated according to a routine shown in FIG 4. The routine

shown in FIG:- 4 is carried out for each of the base stations 2[err] ~

2[err]. For exanple, the routine shown in FIG 4 for all the base stations

21 ~ 24 is stored in the control circuit la shown in Fqﬁ%V$ F~ehRg. 10
t

the routine shown in FIG 4, an initial valueBof the p é‘fASJBfEN
1, 2, ,N) is established as systemdata in an external §PMMEBn
i nt er nal nennry step,1001). Then, a priority change count I S_Ser—te—0"

(step 1002). 1%¥1S Tadterrebilestatliees  csptectiath & AaeMnel s?htion or a

public netmnrk

higher priority in response to each request for channel
allocation, allocating the selected channel to the
request for channel allocation and increasing the
priority of the selected channel by a first priority
function AP(a) depending on the priority change count
a, if the selected channel is not busy, reducing the
priority of the selected channel by a second priority
function AP’(a) depending on the priority change count
a, if the selected channel is busy, clearing the prior-
ity éhange count a to "0" when the priority cbange
count a reaches a predetermined upper limit n, updating
and saving the priority M; = PM; depending on a numeri-
cal value n xi, which is the product of the upper limit
n and the number of times i that the priority change
count a reaches the upper limit n, each time the prior-
ity change count a reaches the upper limit n, and using
the priority M; consecutively without change as the
priority of the éhannel for channel selection'until the
priority change count a reaches the upper limit n.

The first priority function and the second priori-
ty function may be identical to each other.

When the higher priority M; is saved, the priority
changeed depending on the priority function is not used
as the priority.

According to the present invention, there is also

This Sheet Has Been Replaced
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(5tep 1003), then the priority table shown in FIG 3 is read fromthe

menory, and a channel having the maximumpriority is selected (step 1004).
Then, it is deter- mned whether the selected channel is an enpty channel
or not (step 1005). If the selected channel is an enpty
priority P of the selected channel is increased (step
P+ [err]P(a) where AP(a) represents a prio*i®2y-functidn det¢mpbﬂ§@ by t he
priority change count a. The priority function AP(a) i

priority change count a is
provided an apparatus for dynamic channel allocation in

a mobile communication system, comprising a channel
priority counter for incrementing a priority change
count a by "1" for each of the channels each time the
channel is checked for assigment in ewaponaw ro a re-.
quest for channel allocation between a base station and
a radio mobile station, means for selecting a channel
having a higher priority with smaller interference from
other base stations, means for allocating the selected
channel in response to the request for channel alloca-
tion and increasing the priority of the selected chan-
nel by a first priority function AP(a) depending on
the priority change count a, if the selected channel is
not busy, means for reducing the priority of the se-
lected channel by a second priority function AP’(a)
depending on the priority cﬁange count a, if the se-.
lected channel is busy, means for clearing the priority
change count a to "0" when the priority change count a
reaches a predetérmined upper limit n, means for updat-
ing and saving, as the higher priority, the priority M;
depending on a numerical value n x i, which is the
product of the upper limit n and the number of times i
that the priority change count a reaches the upper
limit n, each time the priority change count a reaches
the upper limit n, and means for using the priority M;

consecutively without change, as the priority of the

is Sheet Has Been Reﬁaced
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-5- smaller as shown in FIG 5. Then, the channel selected in the step 1004
Is allocated (a step 1007). If the selected channel is not an enpty channel
i.n step 1005, then the priority P of the selected channgl_is.reduced as _
follows (1008): P =P - (P (a) Thereafter, it is detern] ngid SHETHHEAS LBEEN

I s any remai ni ng channel which has not been selected inithe SiﬁﬁAé§p4 (step
1009). If there is any remmining chan- nel,-th&n-t he seleetes ah

TTTCU TTrrecrTT

excl uded (step 1010), and the control returns to the step 1004. If

channel for channel selection until the priority change
count a reaches a next count n x (i + 1).

Each of the first priority function and the second
priority function may be greater as the priority change
count a is smaller.

The above and other objects, features, and advan-
tages of the present invention will become apparent
from the following description with references to the
accompanying drawings which illustrate an example of

the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a general mobile
communication system;

FIG. 2 is a view of service areas of the mobile
communication system shown in FIG. 1;

FIG. 3 is a table of channels and priorities used
in a conventional dynamic channel allocation process;

FIG. 4 is a’flowchart of an operation.sequence of
the conventional dynamic channel allocation process;

FIG. 5 is a graph showing a priority function used
in the operation sequence shown in FIG. 4;

FIG. 6 is a graph showing a simulated result of
the priority ratio for the priority change counts

.determined by the conventional dynamic channel alloca-

tion process;

This Sheet Has Been Replaced




there is not any remaining channel, then a call |oss occurs, and a busy
signal is generated (step 1011). After the selected channel is allocated in
the step 1007 or the busy signal is generated in the step 1011, the
priority change count a is increnented by "1" (step 1012). Then, it is
determ ned whether the prior- ity change count a has reached an upper limt
value n = a[err], e.g., "256" (step 1013). +fllhe priority change count a =
alerr], then the control returns to the.step 1003. If the priority change
count a > aferr], then the control returns to the step 1002 where the
priority change counfIG-i% &$ecarElovghapt ofny fh%ﬁ%aé%%ﬁl?%ep oM rol

ds to the st 003. i
proceeds to eoSeggt%on sequence of a dynamic channel allocation

process according to the present invention, with a
priority chaﬁge count up to n;

FIG. 8 is a flowchart of a second portion of the
operation sequence of the dynamic channel allocation
process according to the present invention, with the
priérity change count beyond n;

FIG. 9 is a graph showing a simulated result of
the priority ratio for the priority change counts
determined by the dynamic channel allocation process
according to the present invention; and

FIG. 10 is a block diagram of a major portion of a
dynamic channel allocation apparatus according to the

‘present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 7 shows a first portion of an operation se-
quence of a dynaﬁic channel allocation process accord-
ing to the present invention, and FIG. 8 shows a second
portion of the operation sequence of the dynamic chan-
nel allocation process according to the present inven-
tion, the second portion including steps 101 through to
113 according to the present invention added after the
step 1013 shown in FIG. 4

. The steps of the operation sequence shown in FIG.



As descri bed above, the priority is given to each of the channels, and

t hose channel s whi ch have hi gher -6- priorities are successively _

al l ocated. The priority of a channel is increased each tinme the channel is
used, and is reduced if the channel cannot be used. The dynam c channel

al | ocati on system based on channel isolation principles uses the priority
function AP(a) for calculating the priority~A2Various pat- terns have been
proposed for use as the priority func- '

7 are the same as those of the conventional operation

. sequence shown in FIG. 4 and will not be described in
detail below. The operation sequence shown in FIG. 8
according to the present invention will be described
below.

If the priority change count a has reached the
upper limit n in the step 1013, then placing M; = PM;
(step 101). If the value of M; is subsequently saved
for the channel, then the value of M; is used as a
priority and fixed. The priority change count a is
returned to "0" (step 102). Thereafter, the value of
the priority change count a is counted without being
used as inﬁorméﬁion for directly effecting on the

- carrier sénsing (channel allocation). When a communi-
cation request occurs, the carrier sensing is carried
out from a channel with a maximum priority (step 104).

With respect to channels for which the value of M;
is saved, the value of M; is used as the priority. If
the channel seleéted in the step 104 is not a busy
channel (step 105), then the priority P of the selected
channel is increased by AP(a) which depends on the
priority change count a (step 106), preparing for a
next carrier sensing cycle. If the priority M; is
saved, then M; is not changed, and the priority P is
increased but not to be subjected to the carrier sens-

ing. Thereafter, a channel allocation process is



tion AP(a). However, the priority function AP(a) with the priority change
count a used as a paraneter as shown in FIG 5 is mainly enployed in the
art for easily determning the priority P. To realize the priority function
~AP(a) actually, however, the value of the priority change count a diverges
infinitely. Therefore, the priority change count a is cleared to "0" when
Its val ue reaches an upper |imt. This poses B3 pfobl em because the data
accurul ated in the past are elimnated, preventing the system from

devel oping a learning effect. The priority function AP(a) is greater as the
priority changeetfemted (stepwl0%y-and is snaller as

" If the channel selected in the step 104 is busy,
then the priority P of the selected channel is reduced
by AP(a) which depends on the priority change count a
(étep 108), preparing for a next carrier sensing cycle.
If the priority M; is saved, then M; is not changed,
and the priority P is reduced but not to be subjected
to the carrier sensing.

After the priority P has been reduced (step 108),
it is determined whether there is a channel other than
the channel selected in the step 104 (step 109). 1If
there is such a channel, then the éhannel selected in
the step 104 is excluded‘(gtep 110), and the control
returns back to the step 104 to repeat-a next channel
allocation cycle. If there is no remaining channel in
the step 109, then a busy signal is generated, stopping
the attempt to connect the call (step 1l1l1).

After the selected channel is allocated in the
step 107 or the Lusy signal is generated in the step
111, the priority change count a is incremented by "1°"
(step 112). If the priority change count a has reached
to the predetermined upper limit value n (step 113),
then the control returns the count back to the step
101, saving again the value of PM; (i is the number of
times that a has reached n), which has been increased

or reduced, as M;, and the step 102 and following steps -



the priority change count a is greater. Consequently, the dynam c channel

al l ocation systemtends to becone stabilized quickly when the service area
configuration starts to be | earned. However, when the dynam c chan- nel

al l ocation systemis subjected to an abrupt change in the environnment after
t he service areas have suffi- -7- ciently been settled, e.g., when a new
base station is added to a service area, the gnénic channel all ocation
systemresponds slowy, and it takes tinme before it

are carried out. If a > n in the step 113, then the
control returns to the step 103 to handle a new channel
allocation request.

Accordingly, the priority is corrected into a new
priority each time when the priority change count a
reaches n. As a result, the priority P is determined
as shown in FIG. 9.

FIG. 10 shows a block diagram of a dynamic channel
allocation apparatus according to the present inven-
tion. |

As shown in FIG. 10, the dynamic channel alloca-
tion apparatus according to the present invention
includes a channel priority display unit 6; for each of
the channels. The channel priority display unit 6; has-
an n-0 clear counter 7 which clears to "0" at each-

. time the priority change count a reaches n, a priority
fixing unit 8 for fixing and holding the priority each
time the priority change count a reaches n, a ériority
storage unit 9 f;r increasing or reducing and.storing
the priority after the priority change count a reaches
n, and a channel usage indicator 10 for indicating
whether the channel in question is busy or not. The
dynamic channel allocation apparatus also includes a
channel selector 11 for selecting a channel in response
to a channel selection request, a AP(a) calculating

unit 12 for increasing the preceding priority function



becomes stabilized for asigning good and appropriate priority. For exanple,
FIG 6 shows a sinulated result of priority ratio when an interference
detection ratio changed from0.5 to 0.8 for the priority change count
determ ned by the conventional return node using the priority function
AP(a) shown in FIG 5. SUMVARY OF THE INVENTION It is an object of the
present invention to provide a nethod of amrdl&n-apparatus for dynamc
channel allocation to allocate channels specifically to requests for
channel allocation while maintaining accunul ated data of the past. To

achi eve the abdwe otjicat pmerdtys fwngkiead 4?1(%bcb¥d'é}i’1%e5%\)r?‘1%t‘? e present
I nvention a nethod of  a nethod of dynam c channel aIIocatngi{nlﬁ Eggile

comuni cat i on SPANIRL dendiats BFYvh@ng & ABf (a) reducing
reducing the preceding priority by a second priority
function AP’(a) if the selected channel is busy.

When a channel selection request occurs, the
channel selector 11 scans the channel priority display
units 6; to select a channel with the maximum priority.
If the channel is not busy, the channel selector 11 in-
structs the channel to be used, and at the same time
controls the AP(a) calculating unit 12 to increase the
priority in the priority storage unit 9 in the corre-
sponding channel priority display unit. If the channel
is busy, the channel selector 11 controls the (P’(a)
reducing unit 13 to reduce the priority in the priority
storage unit 9 in the corresponding channel priority
display unit. For scanning the priorities, each of the
channel priority display units 6; allows the priority
storage unit 9 to be read until the priority change
count a reaches ; for the first time, and thereafter
allows the priority fixing unit 8 to be read and allows
the priority in the priority storage unit 9 to be
increased or reduced.

According to the present invention, as described
above, each time the priority change count a at each
channel due to allocation check reaches the upper limit

n, the priority is set to M;, and will be used as a



assigning priority (P[err]), for allocation of conmunication channel, to
each of channels between radi o base stations (2[err]-2[err]) and ratio
mobi l e stations (5[err]-5[err]); selecting a channel of highest priority in
response to each request for channel allocation; providing a priority
degree change tinme counter for each channel to increnents "1" for each tine
when the channel is selected for allocatiomr f =a comunication between the
base station and nobile station: 8 allocating the selected channel to

the request for channel allocation and increasin t%ga§¥£cniéy of the
sel ected channdUBRPISNG REGHIGY (5P AT dh APR ocatron

cycles. Therefore, the problems which are posed when
the priority change count suffers an overflow or reach-
es the upper limit are solved. The dynamic channel
allocation process and apparatus according to the
present invention can maintain accumulated data of the
past, and can quickly be stabilized even when an abrupt
change happens in the environment.

While a preferred embodiment of the present inven-
tion has been described using specific terms, such
description is for illustrativé purposes only, and it
is to be understood that changes and variations may be
made without departing from the spirit or scope of the

following claims.



corresponding to sai d prlorlty change count a, if the selected channel is
not busy; reduthis et f@ of the selected channel by a second

priority functl depending on said priority change count a,
if t he selected y; clearing saad prlorlty change count ato

"0" when the prlorlty change count a reach&s-an~uppe
preparing for the next requi-renment of channel alloca TW EE&"F HASQEEE@[

priority degre as descri bed above LACED el
al I ocati on, ﬁHB%EE%OhL§E§E§C%§fIZEd in further conpr|S|ng the steps~of :
di scri m nat i ng. whet Rer then@thhl b¥ GYARAScCOHAhnB1" §39BRALEOA 1B WPPer

nost val ue n;

mobile communication system having the steps of:

assigning priority (P;) to each of the channels
between radio base stations (2 ~ 24) and radio mobile
stations (5; "~ 53);

incrementing by "1" a priority change count a
which represents the number of times that the channel
has been selected to check for assignment to channel-
allocation with respect to a radio mobile station;

selecting a channel having higher priority in re-
sponse to each request for channel allocation;

allocating the selected channel to the request for
-channel allocation and increasing the priority of the
selected channel by a first priority function AP(a)
depending on said ériority change count a; if the
selected channel is not busy;

reducing the priority of the selected channel by a
second.priority function AP’ (a) depending on said
priority change count a, if the selected channel is
busy;

clearing said priority change count a to "0" when
the priority change count a reaches an predetermined
upper limit n, cyclically; characterized in that said
method further comprising the steps of:

updating and saving the priority as M; = Py; for

———————
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9 updating and saving the priority Merr] = Plerr] corresponding to the

priority chafbjes Biﬁ‘)l’ﬁw}’@i, whi ch neans that each {ine of the priority

change count pper limt n; and using saiJdrmsi Vi

whi ch i s saved, H u ity of the channei for channel S%ﬂ%EQ?ME%GE#i
t.the™

said priority change count a reaches the uppet®ITmt n

L NEe.

According to the present invention, there is also provided the apparatus

el R A

Function A b (eCh cHREFHE, BlotlFy OhdRae ol 4 H0e

ount a

I's smaller. limit n, where i represents times of reaching the

priority change count a to upper limit n so that the M;
is derived from priority change count n x i; and
using said priority M; consecutively without

change as the priority of the channel for channel

selection until said priority change count a reaches

the upper limit n at the next time.

2. The method according to claim 1, wherein said

first and second priority functions are characterized

in that as the value of the priority function is great-

er, the number of priority change count a becomes

smaller.

3. A method according to claim 1, wherein said

first priority function and said second priority func-

tion are identical to each other.

(3

4. A method according to claim 1, wherein during

the time said higher fixed priority M; is saved, the

priority which varies by the priority function is not

used for the priority.

5. An apparatus for dynamic channel allocation

in a mobile communication system having:

-

|



¢ 10 - The above-and—other—objects, features, and advan- tages of the
present invention Wlslgheepﬁgs% Ragent fromthe following description with

references to the W ngs which illustrat®yg gﬂﬁq L ot lhe
present invention. | ON OF THE D@AMVNGS HIG 1 ﬁ §» N

di agram of a genera I cation sy§ten1 FI G !

service areas of the nnblle communi cati on system shown in FIG I“QfTCT—B S

a tabl e of channel s ang pricgrihlies 43P bR S ¥RE 1ol Pablerbitfgr£ Channel

al | ocati on process;
priority change count a by "1" for each of the channels

each time a channel is selected to check for channel
allocation between a base station and a radio mobile
station;

means for selecting a channel having a higher
priority with smaller interference from another base

~ stations;

means for allocating the selected channel to the
request for channel allocation and increasing the
priority of the selected channel by a first priority
function AP(a) depending on said priority change count
a, if the selected channel is not busy;

means for reducing the priority of the selected
channel by a second priority function AP’(a) depending
on said priority change count a, if the selected chan-
.nel i§ busy;

means for clearing said priority change count a to
"0" when the priq;ity change count a reaches an upper
limit n, cyclically; characterized in that said appara-
tus further comprising:

means for updating and saving, as the high priori-
ty M; for each time the piority change count a reaches
the upper limit n, where i represenfs timeé of reaching
the priority change count a to upper.limit n, so that

the M; is derived from a value of priority change count

T



FIG 4 is a flowhart .of a ‘% sequence of the conventional dynamc
a graph showing a priority function

R.aper tio
channel allocation p
used in the operatioﬁﬁmﬂﬁ?@“ﬁr in FIG 4; FIG 6 is a graph showing a
sinmulated result of t i io for the priority-.change _counts

det erm ned by the conventional dynami c channél aIIocaﬁ‘ﬁﬂ@ﬁﬂﬂf?qgﬁﬁﬁfﬂdt
"

FIG 7 is a flowhart of a first portion of an operatﬁgp SeRuUPNIE O
dynam ¢ channeln &l ligcahdon

means for using said priority M; consecutively
fixedly as the priority of the channel for channel
selection until said priority change count a reaches

next count n x (i + 1).

6. An apparatus according to claim 5, wherein
as the values of the first and said second priority
function are greater, the priority change count a is

smaller.

7. An apparatus according to claim 5, wherein
said first priority function and said second priority

function are identical to each other.

R



process according to the present invention, with a priority change count up
ton, FIG 8 is a flowhart of a second portion of the operation seguence
of the dynam c channel allocation process according to the present

i nvention, with the priority change count beyond n; FIG 9 is a graph
showing a sinulated result of the priority™ratio for the priority change
counts determ ned by the dynam c channel allocation process according to
the present invention; and FIG 10 is a BESER i agram of a maj or portion of
a dynanmi c channel al | YEBHO F ANDaARRARATUR EOR AIYNAM TG CHANNEDS Al@TATION ent i on.

A dynamic channel allocation process successively
allocates channels of higher priorities to reqﬁeéts for
channel allocation. When a priority change count
overflows or reaches an upper limit, the priority
change count is cleared to zero. However, past data
are not eliminated, and a change in a base station
service area can be handled. Specifically, when the
priority change count reaches an upper limit n, the
priority at that time is stored as M;, and fixed as it
is until the priority change count reaches the upper
limit n next time. ﬁhen priority change count reaches
the upper limit n twice, the priority at that time is
updated to M, and stored fixedly for use as the priori-
ty until the priority change count subsequently reaéhes

the upper limit n.

(Figure 8)



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT FI G -7 shows a first
portion of an operation se- quence of a dynam c channel all ocation process
accord- ing to the present invention, and FIG 8 shows a second portion of
t he operation sequence of the dynami c chan- nel allocation process -
according to the present inven- tion, the second portion including steps
101 through to 113 according to the preskf invention added after the step
1013 shown in FIG 4 The steps of the oieration sequence shown in FIG

Fig. 1 (PRIOR ART
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- 12 - 7 are the sane as those of the conventional operation sequence shown
in FIG 4 and wll not be described in detail bel ow. The operation sequence
shown in FIG 8 according to the present invention will be described bel ow.
1f the priority change count a has reached the upper linmt nin the step
1013, then placing Merr] = PMerr] (szt/gp 101). If the value of Merr] is
subsequently saved for the channel, then the value of Merr] is used as a
priority and fixed. The priorityxecha [ rned to "0" (step
102). Thereafter, the val ue of LS??@%§Q&@3§%m ais counted

wi t hout bei ng
41

Fig.3 (PRIOR ART)

CHANNEL Ci|C2|C3| | Ci === | Cn

PRIORITY | P1 { P2 | P3| - | Pi | - | Pa




—— -

.used as information for directly effecting on the carrier sensing (channel
all ocation). Wien a conmmuni - cation request occurs, the carrier sensing is
carried out froma channel with a nmaximumpriority (step 104). Wth respect
‘to channels for which the value of M is saved, the value of Merr] is used
as the priority. If the channel selecigd in the step 104 is not a busy
channel (step 105), then the priority P of the sel ected_channel is

i ncreased by AP(a) which dep on the ¢ C )count a (step 106),
preparing for a next carrieregsk?ia’g cygzg‘qghe rgg ity Merr] is
saved, then Merr] is not changed, and the priority P is increased but not
to be subjected to the carrier sens-

START
CHANNEL

[PRIORITY _ !/—’1001
INLTIALLZATION

”

coreunzcaron~_NO

REQUEST '1 003
YES

SELECTION OF
rrcrEsT PrIcRITY |—1004
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SELECTED CHANNE 1010
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~3+ | [ExcLUDE THE
3 1 SEND BUSY TONE [ | *XCLIRZ -
i CHANNEL

NO @ 1012 1011 -

YES 1013




I'ng. Thereafter, a channel allocation process is - 13 - effected (step
107). If the channel selected in the step 104 is busy, then the priority P
of the selected channel is reduced by AP(a) which depends on the priority
change count a (step 108), preparing for a next carrier sensing cycle. If
the priority Merr] is saved, then Merr] is not changed, and the priority
P is reduced but not to be subjected to the carrier sensing. '

4/8
Fig. 5 (PRIOR ART)
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After the priority P has been reduced (step 108), it is determ ned whet her
there is a channel other than the channel selected in the step 104 (step
109). If there is such a channel, then the channel selected in the step 104
I s excluded (step 110), and the control returns back to the step 104 to
repeat a next channel allocation cyclgyglf there is no renaining channel in
the step 109, then a busy signal is generated, stopping the attenpt to
connect the call (step 111). AfterJFhEéS ected channel is allocated in the
step 107 or the busy signal is gen dBed!in the step 111, the priority
change count a is increnented by "1" (step 112). If the priority change

count a has reached
(.START )

CHANNEL PRIORLTY :
INITIALIZATION —1001

SELECTION OF
JHIGHEST PRIORITY

CHANNEL . 1004

1008
/ .

P=P+AP@IN P<P-aP(a)
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NOT BUSY YES
HANNE

a<a+] (_ . No 1009 | 1010
1012 I N
NO | SEND BUSY TONE | |oaotDE imt

a>n
YES 1013
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1011




to the predeterm ned upper Iimt value n (step 113), then the control
returns the count back to the step 101, saving again the value of PM (i is
the nunber of times that a has reached n), which has been increased or
‘reduced, as Merr], and the step 102 and foll owi ng steps - 14 - are
carried out. If a >n in the step 113, 2£en the control returns to the step
103 to handl e a new channel all ocation quest. Accordingly, the priority
is corrected into a new

Fig. 8
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priority each time when the priority change count a reaches n. As a result,
the priority Pis determned as shown in FIG 9. FIG 10 shows a bl ock

di agram of a dynam c channel allocation apparatus according to the present
inven- tion. As shown in FIG 10, the dynam c channel alloca- tion
apparatus according to the present invention includes a channel priority
display unit _6[err] for each of theg,channels. The channel priority display
unit 6[err] has an n-0 clear count 87 which clears to "0" at each time the
priority change count a reaches 1T'g? gviority fixing unit 8 for fixing and
hol ding the priority each 18.
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time the priority change count a reaches n, a priority storage unit 9 for .
I ncreasing or reducing and storing the priority after the priority change
count a reaches n, and a channel usage indicator 10 for indicating whether
the channel in question is busy or not. The dynam ¢ channel allocation
apparatus al so includes a channel s§7§xncw 11 for selecting a channel in
response to a channel selection request, a AP(a) calculating unit 12 for

i ncreasing the preceding priorityps } On by a first priority function
AP(a) if the selected tFlélfniU
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-Chg ﬁﬁel I s not busy,—and—a AP(ay Teducing unit 13 for re | he
pi’%gedi.*ng priority,by,.a 555940 Lerity function AP (a) |%W§il/:%t ed
channel is busy. W? ek Fis BEGA Rebt Yol ecti on request occurs, t annel
:sel ector 11 scans tﬁ ﬂﬁﬁ[ﬂ ﬂ.ori ty display units 6[err]i\?®§el ect a

zchannel with the ma “If the channel is not busy, the channel
selector 11 in- structs the channel to be used, and at the sane tine
controls the AP(a) calculating unit 12 to increase the prijpf in the
lpriority storage unit 9 in the corre- sponding channel pri ofHIS \s :
unit. If the channel is busy, SUMMARYNF T8H BXYBENTIONconfrol s B
reducing unit 13 to reduce the priority in the priority '

It is an object of the present invention to provide a method of and an
apparatus for dynamic channel allocation to allocate channels specifically to requests
for channel allocation while maintaining accumulated data of the past.

To achieve the above object, there is provided in accordance with the present
invention a method of Ia method of dynamic channel allocation in a mobile
communication system, comprising the steps of:

assigning priority (P;), for allocation of communication channel, to each of
channels between radio base stations (2;~24) and ratio mobile stations (5,~52);

selecting a channel of highest priority in response to each request for channel
allocation;

providing a priority degree change time counter for each channel to
increments “1” for each time when the channel is selected for allocation for a

communication between the base station and mobile station:

Voo g7
13 [ 388



.Sstorage unit 9 in the correspondi ng channel priority display unit. For
stanning the priorities, each of the channel priority display units 6[err]
allows the priority storage unit 9 to be read until the priority change
ccount a reaches n for the first tine, and thereafter allows the priority
sfixing unit 8 to be read and allows the prjority in the priority storage
unit 9 to be increased or reduced. Accordﬁ%g to the present invention, as
descri bed above, each tinme the priority change count a at each channel due
tto allocation check reaches the upper limt n, the priority is set to
Merr], and will beallesetingasheaselected channel to the request for channel allocation and

increasing the priority of the selected channel by a first priority function A P (a)
corresponding to said priority change count a, if the selected channel is not busy;

reducing the priority of the selected channel by a second priority function A P’
(a) depending on said priority change count a, if the selected channel is busy;

clearing said priority change count a to ‘;0” when the priority change count a
reaches an upper limit n; and |

preparing for the next requirement of channel allocation by arranging priority
degree for all channels as described above per each channel allocation, said method

characterized in further comprising the steps of:

discriminating whether the priority change count a reaches to the upper most

value n;




.- 16 - subsequent priority for next n channel allocation cycles. Therefore,
the probl ens which are posed when the priority change count suffers an
overflow or reach- es the upper limt are solved. The dynam c channel
:al l ocati on process and apparatus according to the present invention can
smai ntain accunul ated data of the past, an% can quickly be stabilized even
when an abrupt change happens in the environnment. Wiile a preferred
enbodi nent of the present inven- tion has been described using specific
lterms, such
) updating and saving the priority M; = Py corresponding to the priority change

count a = n x i, which means that each time of the priority change count a reaches the
upper limit n; and
using said priority M; which is saved, as the priority of the channel for

channel selection until said priority change count a reaches the upper limit n at the nest

time.
According to the present invention, there is also provided the apparatus
according to claim 4 wherein as the values of the first and second priority function A P

(a), A P’(a) are the larger, the priority change count a is smaller.




deseription is for illustrative purposes only, and it is to be understood
: athat changes and variations may be nade wi thout departing fromthe spirit

or scope of the follow ng clains. 17 CLAIMS 1. A nmet hod of dynam c

channel allocation in a nobile comunication system conprising the steps
* of: assigning priority (P[err]), for allocation of comunication channel,
.to each of channels between radi o base stations (2[err]-2[err]) and radio
nobil e stations (5[err]~5[err]);

[

The above and other objects, features, and advan-
tages of the present invention will ?ecome apparent
from the following description with references to the
accompanying drawings which illustrate an exampie of

the present invention.

BRIEF DESCRIPTION OF ‘THE DRAWINGS

FIG. 1 is a block diagram of a general_mobile

communication system;
- FIG. 2 is ;3view of service areas of the mobile

communication_sy;tem shown in FIG. 1;

FIG. 3 is a table of channels and priorities used
in a conventional dynamic channel allocation process;

FIG. 4 is a.flowchart of an operation sequence of
the conventional dynamic channel allocation process;

FIG. 5 is a graph showing a priority function used
in'the operation sequence shown in FIG. 4;

FIG. 6 is a graph showing a simulated result of
the priority ratio for thé'priority change counts
deﬁermined by the conventional dynamic channel alloca-

tion process;



.sel ect | ng a channel of highest priority in response to each request for

channel allocation; providing a priority degree change tinme counter for
each channel to increments "1" for each tinme when the ch&hﬂ&hdﬂkssem
-for allocation for a communication between the base statl

-station; allocating the selected channel H? the request f

allocation and increasing the priority of “the sel ected channel

priority function [err] P (a) correspondln 0 said priority change count
ta, if the selected channel is not busy, éﬁﬂ§|ng the priority of the

sel ected channel by a second priority function [err]P (a) depending on
said priority changk cound negthed ofi dymamid eheneel allheationlin iagnghikyconuherscition
said priority change count a to "0" when the priority change count a
reaches an upggten,icoivipribing aisteps of:

assigning priority (P;), for allocation of communication channel, to each of
channels between radio base stations (21~24) énd ratio mobile stations (5;~53);

selecting a channel of highest priority in response to each request for channel
allocation;

providing a priority degree change time counter for each channel to

“1”

increments for each time when the channel is selected for allocation for a
communication between the base station and mobile station;
allocating the selected channel to the request for channel allocation and
increasing the priority of the selected channel by a first priority function A P (a)
corresponding to said priority change count a, if the selected channel is not busy;
reducing the priority of the selected channel by a second priority function A P’
(a) depending on said priority change count a, if the selected channel is busy;

clearing said priority change count a to “0” when the priority change count a

reaches an upper limit n; and

THIS ‘SHEET HAS BEEN
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.18 pr"epar ing for the next requirenent of channel allocation by arranging
priority degree for all channels as described above per each channel
al l ocation, said nmethod characterized in further conprising the steps of:
«di scrimnating whether the priority change count a reaches to the upper
-nost val ue n; updating and saving the pri ?él ty Merr] = PMerr]
corresponding to the priority change count®a = n x i, which neans that each
time of the priority change count a reaches the u]oper Limt n; and ysing
tsaid priority M er rirepingHor hengybrequisemeni of shangel qlipcation bypagmeing:priewty
channel selection until said priority change count a reaches the upper
limt n at thdegnessfor all channels as described above per each channel allocation, said method
characterized in further comprising the steps of:
discriminating whether the priority change count a reaches to the upper most
value n;
updating and saving the priority M; = Py corresponding to the priority change
counta=pnx i, which means that each time of the priority change count a reaches the
upper limit n; and
using said priority M; which is saved, as the priority of the channel for
channel selection until said priority change count a reaches the upper limit n at the nest
time.
2. A method according to claim 1, wherein said first priority function
and said second priority function are identical to each other.
3. A method according to claim 1, wherein when said highest priority

M; is saved fixedly, the priority changed by the priority function is not used as the

priority.

-
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L3

tine. 2. A nmethod according to claim1l1l, wherein said first priority
functi-on and said second priority function are identical to each other. 3 .
A nmet hod according to claim1l, wherein when said highest priority Merr] is
:saved fixedly, the priority changed by the priority function is not used as
-the priority. 19 4. An appar at us wr dynam ¢ channel allocation in
a nobi |l e conmuni cation system conprising: a channel priority counter for

i ncrementing a priority change count a tgiy
s 4. An apparatus for dynamic channel allocation in a mobile

communication system, comprising:

a channel priority counter for incrementing a priority change count a by “1”
for each of channels each time a request for chaﬁnel allocation between a base station k
and a radio mobile station is assigned;

means for selecting a channel having a highest priority with smaller
interference from a number of other base stations;

means for allocating the selected channel to the request for channel allocation
and increasing the priority of the selected channel by a first priority function A P (a)
corresponding to said priority change count a, if the selected channel is not busy;

means for reducing the priority of the selected channel by a second priority

function A P’ (a) corresponding to said priority change count a, if the selected channel

is busy;

R AR



for+each of channels each tinme a request for channel allocation between a
“base station k and a radio nobile station is assigned; neans for selecting
a channel having a highest priority with smaller interference froma nunber
.of other base stations; means for allocating the selected channel to the
-request for channel allocation and increasing the priority of the selected
channel by a first priority function AP %%) corresponding to said priority
change count a, if the selected channel is not busy; nmeans for reducing the
cpriority of the selweansdfortelganing seid prientyoshange icowntty to (RS twham theppriqrity
corresponding to said priority change count a, if the selected channel is
busy; change count a to “0” when the priority change count a reaches an upper limit n; said

apparatus characterized in further comprising:
means for updating and saving, as the highest priority, the priority M; = Pwm

corresponding to priority change count n x i which means that each time of the priority

change count a reaches the upper limit n; and

means for using said priority M; which is saved, as the priority of the channel
for channel selection until said priority change count a reaches a nest countn x (i. +1).

5. The apparatus according to claim 4 wherein as the values of the first
and second priority function A P (a), A P’ (a) are the larger, the priority change count a
is smaller.

6. The apparatus according to claim 4 wherein as the values of the first

and second priority function A P (2), A P’ (a) are identical to each other.
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20 neans for clearing said priority change count a to "0" Jé\%ﬁ;g% priority
change count a to "0" when the priority change count a re@ e pper -
limt n;, said apparatus characterized in further conprisi ng:zpggans for :
updating and saving, as the highest priority, the priority Mefr] = Plerr]
corresponding to priority change count n x i which nmeans that each tinme of
the priority change count a reaches the upper Iimt n; and neans for using
said priority Merr] which is saved, as the priority of the channel for

channel sel ectéQentlyi bedRi dePELOA) L ¥, §N2NGReA0NNhed -bARE AT R IS sCOUNt N

X (i. +1). 5. e apparatus according to claim4 wherein as the val ues
of the first agddegcendapsbovity hvBe}i @Re d¥némic kAahheR alabcardadme
| arger, the priority change count a is snaller. 6. The appar at us

according to chgsted rbspehdsaslowtyyabna@siof takesfivise before it
becomes stabilized for asigning good and appropriate
priority. For example, FIG. 6 shows a simulated re'sult.
of priority ratio when an ir.\terf_erence detection ratio
changed from 0.5 to 0.8 for the priority change count
determined by the conventional return mode using the

priority function AP(ea) shown in FIG. 5.

REPLACEMENT SHEET
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SUMMARY OF THE INVENTION

It is an object of t‘ll_e,"‘iir’és'e'_r'i't' inve'ntio"n t'q‘. provide a method of and an
apparatus for dynamic chaanI' a'llocation to allocatg ;:hannels specifically to requests
for channel allocation while maintéining accumulated data of the past.

To achieve the above object, there is provided. in accordance with the present

" invention a method of a method of dynamic .c-hannel allocation in a mobile
communication system, comprising the steps of:

assigning priority (P;), for allocation of communication channel, to each of
channels between radio base stations (2)~24) and ratio mobile stations (5,~5z);

selecting a channel of highest priority in response to each request for channel
allocation;

providing a priority degree change time counter for each channel to
increments “1” for each time when the channel is selected for allocation for a

communication between the base station and mobile station:

Poofba—%



and second pr"‘i"ority function AP (a), AP (a) are identical to each other.

17
CLAIMS

1. A method of dynamic channel allocation i1'1 a mobile communication
system, comprising the steps of:

assigning priority (Pi), for-allocation of communication channel, to each of
channels between radio base stations (2,~2,) and radio mobile stations (5,~5,);

selecting a channel of highest priority in response to each request for channel
allocation;

providing a priority degree change time counter for each channel to
increments “1” for each time when the channel is selected for allocation for a
communication between the base station and mobile station;

allocating. the selected channel to the request for channel allocation and
increasing the priority of the selected channel by a first priority function A P (2)
corresponding to said priority change count g, if the selected channel is not busy;

reducing the priority of the selected channel by a second priority function A P’
(a) depending on said priority change count a, if the selected channel is busy; |

clearing said priority change count a to “0” when the priority change count a

reaches an upper limit n; and

A



