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The invention relates to channel selection in a mobile radio
communication system, and more particularly to methods and
S apparatuses for selecting a channel to be used in a mobile
radio communication system cell, the selection being made in
a way that reduces the occurrence of co-channel interference.

In a cellular mobile radio commun:.cat:.on systen, the geograp-

hic area served by the system is divided into geographically

10 defined cells, each of which is serviced by a base station.

" In the system, there is a finite number of carrier frequencies

that are available for use dufing communications. A freguency

group, consisting of a subset of all of the available frequen-

cies, is assigned to each cell for that cell's use during

15 communications. However , because the number of frequency

groups is limited, it - is necessary to reuse them within the

area served by the system. . Because the use of a particular

frequency by tw6 different cells can result in co-channel

interference, possibly reducing the carrier-to-interference

20 ratic below an acceptable quality threshold, an attempt is

made to assign frequency groups to cells in a manner that

results in any given cell using a different fregquency group

from its neighbors. A group of cells is called a cluster when

the combination of their individually assigned frequency

25 groups includes all available frequencies assigned to the

system. There are usually a number of clusters within a

system, each repeating a part:.cular frequency allocation,
called a reuse pattern.

Cells to which i:he same frequericy group has been allocated are
30 called co-channel cells. It follows from this description
that each co-channel cell is assigned to a different cluster
from all other co-channel cells.
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that are available for use during comunications. A frequency group,
consisting of a subset of all of the available frequen- cies, is assigned

tq each cell {weyosighgfs cell's use during 15 comunications. W#’é’of’?ﬁse

because the nunber of frequency groups is limted, it is necess

themw thin the area served by the system Because the use of a particular
frequency by two different cells can result i41 co-channel interference,
possi bly reducing the carrier-to-interference 20 ratio bel ow an acceptabl e
quality threshold, an attenpt is nmade to assign frequency groups to cells
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interference which arises from the simultaneocus use of a
particular frequency by two different co-channel cells. This

- can be achieved by aSsigning frequencies so that the distance

5 between co-channel cells is maximized. However, maximizing
this distance means assigning fewer frequencies to each cell.
This may conflict with systenm requirements to increase the
capacity of each cell h}? increasing the number of frequencies
assigned thereto.

10 In a _( normal reuse pattern, such as the 21-cell frequency
repeat pattern, the average expected co~channel interference .
in a given cell is based on the assuinption that all co-channel
frequencies in all co-channel cells are used. That is, for a
cell having a frequency group f, containing frequencies f£,,

15 £, f5. £4, - - ., the average expected co-channel inter-
ference in a given cell is calculated by assuming that each of
the cell's frequencies are simultaneously in use by the cell

-and by the co-channel cells (i.e., those cells to which the
same frequency group has been assigned), even though this is

20 often not the case. '

For example, reference is made to Figure 1, which shows a
system having a 7-cell frequency repeat pattern. Two cell
clusters, each consisting of seven cells, are shown. The
first cell cluster 100, consists of cells labeled C,, Cy,, Cpa/
25 ¢, Ciss Cyes and Cy;. The second cell cluster 102 consists of
cells labeled C,,, Cyp, Cx, Cp, Cs Cy, and C,y. The showing of
only two cell clusters is done here solely for convenience.
It should be understood that, in practice, a mobile telephone
system may have more than two cell clusters. It should also
30 be understood that the following discussion is not limited to
systems having a 7-cell frequency repeat pattern, but is
equally applicable to all repeat patterns, including the
‘popular 12-cell and 21-cell frequency repeat patterns.
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fromits neighbors. A gron a cluster when the
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@epeati ng a particul ar frequency
all ocation, called a reuse p to 3hich the sane frequency group

has been allocated are 30 called co-channel cells. It follows fromthis
description that each co-channel cell is assigned to a different cluster

fromall .other co-channel, cells. ] ]
- As shown in Figure 1, each cell is assigned a frequency group,

denoted here as thelle_tter"‘_f". with a letter subscript. For
example, each of cells C,, and C,, has been assigned the’

" frequency group f£,.

5 Specific frequencies are denoted here as the letter f with a
numeric subscript. In the 7-cell frequency repeat pattern
shown in Figure 1, frequency group f, consists of the frequen-
cies £,, SO S fzz. .« v s, frequency group £, consists of the
frequencies £, £5, £44s £5 . - . , @and so on.

10 A mobile station, M, -in cell C,, operates on one of the
frequencies in group £,, such as £,,.  The call may or may not
experiencé co~-channel interference from another user located
in cell C,,, depending on whether the same freguency, in this
case f,,, is being utilized in cell C,.

15 In high traffic, <typically 70 - 80% of the traffic
frequencies, or channels, are in use. If traffic utilization
rises higher than 80%, the user 's perceived congestion becones
intolerable. It follows that, in high traffic, the proba-
bility that a particu_lar channel is simultaneously being used

20 'in both cells C,, and C, is high. This simultaneous use

' results in a high expected co-channel interference.

Referring now to Figure 2, the middle cell C,,, first shown in
Figure 1, is illustrated along with its six closest co—-channel
cells, Cy, Gy, C4qs Csqr Cgr and Cp. It should be understood
25 that each of the illustrated co~channel cells is located at
the center of a seven-cell cluster, similar to the first cell
cluster 100. However, for simplicity, the remaining cells
from each cluster, which are located between those shown, are

not illustrated.

30 As previously stated, each éo-channel cell has been assigned |
the same frequency group. For the sake of convenience in the -
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remainder of this discussion, references made to particular
frequencies within a frequency group will assume that the
frequencies within the group are numbered sequentially, from
1 ton, wheren is an integer. It will also be understood that
each particular f_requeney receives the same numbering
assignment in each co-channel cell. |

Figure 3 illustrates a method for assigning an available
frequency for use within a cell. For the purpose of example,
a frequency group 300 is shown which has twenty-one sequen-
tially numbered frequencies. As shown by the arrow 302,
frequencies are assigned by taking the leftmost frequency that
is available in the list. That is, priority assignments have

‘been made to each of the frequencies, such that priority of

selection increases the closer to the left a given frequency
is in the 1list. c°nsequen€1y, frequency 1 is first inves-
tigated to see whether it is available/suitable. If it is
not, the search continues to frequency 2, and so on, until an
available/suitable frequency is found. If no frequency is
found, congestion arises.

In the method described above with reference to Figure 3, if
all cells have the same list and the same algorithm for
selecting frequencies, then frequency 1 will often be used and

'frequency 21 will almost never be used. Consequently, the

co~channel interference conditions on frequency 1 will
generally be as poor or good as the system is designed for,
and frequency 21 will often provide good co-channel inter-
ference values in the rare instances in which it is assigned
for use by a cell. Thus, even when each cell experiences low
traffic, the co-channel interference experienced by the few
assigned frequencies will still be high, since the same
frequencies are likely to be assigned by each cell.

The reader will recogni'ze that the deficiencies in the method
just described are preseht when each frequency is assigned to



a§sighed thereto. 10 In a normal TeUu ttern, such as the 21-cell
freguency repeat patterﬂﬁsmab&ﬂas\'ﬁééﬁigeﬁfﬁpect ed co-channel interference in a

gkven cell i woasewidn t | flat all co-channel f r eQUPCTYSESH007YS
al . co-channel cells are m , for a cell having a frequency group
f[err] containing frequen s f[err], flerr], fl[err], . . .,

the .average expected co-channel inter- ference in a given cell is
cal cul ated by assuming that each of the cell's frequencies are
sinul taneously in use by the cell and by the co-channel cells (i.e., those

cell's to which ¢hitysarne f chanmedy ignowp spstémercalkedn@bequearecy t Divdision
this is Multiple Access (FDMA), and also when each frequency is
assigned to more than one channel, in a Time Division Multiple

Access (TDMA) system.

5 Therefore, it is an obj ect of the present invention to select
frequencies for use in co-channel cells in an FDMA mobile
communication system in such a manner that the quality of a
connection (as measured by the amount of co-channel inter-
ference on a frequency) is improved when the traffic level is

10 less than a maximum capacity. | '

' Another object of the invention is to select frequencies for
use in co-channel cells in such a manner that the cell
hardware associated with a particular frequency is not
unevenly used, relative to the cell hardware associated with

15 other frequencies in the cell.

Af er object of the invention is to select frequencies for
use in  co-channel cells operating in a synchronized TDMA
environment in such a manner that the quality of a connection
is improved when the traffic level is less than a maximum

20 capacity.

A still further object of the invention is to select channels
for use in co-channel cells operating in a synchronized TDMA
environment in such a manner that the quality of a connection
is improved when the traffic level is less than a maximum

25 capacity.

Yet another object of the invention is to select channels for
use in co-channel cells operating in a TDMA environment in an
asynchronous state wherein the TDMA structures of co-channel
cells are sliding slowly relative to each other and the time
30 differences are lnxbwn._ This state is referred to hereafter as
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According i:_o the present invention, the foregoing and other
objects are attained by allocating frequency use in a manner
that takes advantage of lower average frequency use during
periods of lower traffic, such as in off-peak hours.

In accordance with an exemplary FDMA embodiment of the
invention, a frequéncy is selected for use in a. pexiding
communications operat:.on by first forming a segquence of
frequencies that is the same in all co-channel cells. Next,
for each cell, one frequency in the sequence of frequencies is
designated to have a highest priority, the designated frequen-
cy being different in at least two cells. Then, for each
cell, progress:.vely lower priorities are assigned to remai-
ning frequencies by beginning -the assigning with a next
frequency that follows the des;gnated frequency in the
sequence, and continuing to assign in sequence through the
1ist until each of the different frequencies has been assigned

-a priority. Alternately, the sequence of frequencies in each

co-—charinel cell can 'l?e different and arranged in a manner so
that the liighest priority channels in one co-channel cell are
of a relatively low priority in the other co~channel cells.
Thus, in each cell, a frequency is selected for use in the
pending communications operation by choosing, from the
sequence of frequencies, an available frequenéy having a
higher priority than all other available frequencxes in the
sequence of frequencies.

In accordance with another embodi_ment of the invention, the
above~described steps of, for each cell, designating and

- assigning are performed periodically, so that the same
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frequency with the same pnor:.ty is not designated twice in
succession.

In yet another embodiment of the invention, the above-des-
cribed step of designating is further based on knowledge of -
current frequency use in the systenm. ' :

According to another embodiment of the present invéntion, the
sequence of frequencies in the co-channel cells is not the

‘same, but is ins_te'ad varied based upon the priority usage of

frequencies in other co-channel cells. The frequency plan for
each co-channel cell can be based on descendingly ranked
priority channels for that co-channel cell, followed by
channels_ which are used as priority channels in other co-
channel cells listed in an ascending manner.

In still another embodiment, the invention is utilized in a

fully synchronizéd time division multiple access (TDMA)

system by forming a sequencé of channels that is the same in.
all co-channel cells. Then, for each cell, one channel in the

sequence of channels is designated to have a highest priority,

the designated channel being different in at least two cells.

Then, for each cell, prégressively lower priorities are

assigned to remaining channels by beginning the assigning with

a next. channel that follows the designated channel in the

sequence, and conti_nuing to assign in sequence through the

list until each Of the diff_erent channels has been assigned a

priority. Finally, in each cell, a channel is selected for E
use in the pending communications operation by choosing, from

the sequence of channels, an unselected channel having a

higher priority than all other unselected channels in the

sequence of channels.

In yet another embodiment, the invention is adapted for use in
a cellular communication system operating in accordance with
a pseudo-synchronized time division multiple access (TDMA)



5 Specific frequencies Mxﬂt_ﬁd here as the letter f wth a-nuneric

In the 7-cell frequenty repeat-pattern shown in Figure 1,
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By PE6BniNg 40sedi®fice’ of difandd1¥ 'ifat is the same in all
cells. Then_, for each cell, one channel in the sequence of
channels is designated to have a highest priority, the
designated channel being different in at least two cells.
Next, progressively lower priorities are assigned to remai-
ning channels in each cell by beginning the assigning with a
next channel that follows the designated channel in the
sequence, and continuing to assign in sequence through the
list until each of the different channels has been assigned a
priority. Then, in each cell, a first unselected channel is
identified from the sequence of channels. The first un-
selected channel has a higher priority than all other un-
selected channels in the sequence of channels. Finally, an
unselected channel is selected for use in the pending com-
munications operation in each cell by selecting a channel
having a priority that is alternatively equal to or less than
the prlorlty of the first unselected channel in response to a
determination that the time difference is greater than a
predetermined amount.

EF - WI

The foregoing obj ects and features of the present invention
will be more readily appreciated upon reading the following
detailed description, when read in conjunction with the
Figures in which: '

Figure 1 is a diagranm of part of a cellular telephone system
utilizing a 7-cell frequency repeat pattern:

Figure 2 is a diagram showing a middle cell from a 7-cell
cluster, and its six closest co-channel cells:; '

Figure 3 shoﬁs a related method of allocating frequencies in
co~-channel cells; '



frequencies, or channels—are in use. If traffic utilization rises higher

t han 80% th%@?g@ o percei ved congest i on becomes intolerable. It foll ows
that, in high T, thé’“ mehR cémat a particul ar chanRel/SE/00795
Si rr=u| t aneousl y being used err] and Clerr] is high.

Thi s simultaneous use resu xpec ed co-channel interference.
Referring now to Figure 2, them e | Cerr] first shown in Figure 1,
is illustrated al ong vvith its six cl osest co-channel cells, Cerr], derr],
Cerr], (err], C[er | It shoul.d be understood 25 that each
of the illustrat é&‘é’ﬁﬁcrﬂa%el 531F§tF§tFﬁcaF§Gq‘&F“FHe abhpeatipn, in “seven
seven-cel | cl usicy~clsdrhéRr cedllsheid i 4t FDMA| system in accordance with one

exemplary embodiment of the invention;

Figure 4(b) illustratés frequency allocation in seven
§ co-channel cells in an FDMA system in accordance with another
exemplary embodiment of the invention; .

Figure S shows co?channel interference between two cells in a
fully synchronized TDMA system;

Figure 6 shows a priority list for use in a three cell fully
10 synchronized TDMA system, in accordance with another exemp-
lary embodiment of the invention;

Figure 7 shows co—channel interference between two cells in a
pseudo~-synchronized TDHA systen; '

Figure 8 illustrates channel alldcation in accordance with
15 another exemplary embodiment of the invention to be used in a
pseudo-synchronized TDMA system; and

Figure 9 illustrates another exemplary embodiment of the
invention which evenly distributes the allocation of frequen-
cy usage in a cell.

20 IPTION O '

- Referring now to Figure 4(a), a method in accordance with an
exemplary embodiment of the present invention is shown. The
arrow 402 indicates that selection of frequency is made by
i:aking the leftmost frequency being available in the 1list.

25 That is, each fréqﬁency has been assigned a priority such that
a given frequency's priority of selection increases the closer
to the left that frequency is in the 1list. Consequently, for
cell C,,, the selection order 404 requires that frequency 1 be



cl;ustér 100. However, fmﬁﬁ—ty—'—t—he—f emai ning cells from each

cluster, which are Iocatggs o e shown, are not illustrated. 30 As
previ ously st¥Q&H0708%ch ¢ aced s been assigned the PETISEN4/00795
frequency group. For the % ence in the remai nder of this

di scussi on, references ma r f iequencies within a frequency
group w | assume that the frequenC| es within the group are nunbered

sequentially, from

investigated first to determine whether it is available and
suitable for use. If it is not, then frequency 2 is inves-
tigated, and so on, until a frequency is found that is both
available and suitable for use.

5 This method differs frem' the conventional method that was
described with reference to Figure 3, in that the selection
orders for each of the co-channel cells are no longer iden-
tical to one another. Instead, priorities have been assigned
in each cell so that, for example, the selection order 404

10 corresponding tocell C,, is the sequencel, 2, 3, . . . 20, 21;
the selectlon order 406 corresponding to cell C,, is the
sequence 4, 5, 6, . . . 21, 1, 2, 3; the selection order 408
corresponding to cell C;; is the sequence 7, 8, 9, . . . 21; 1,
2, 3, 4,5, 6; and so forth for the remaining cells having

15 selection orders 410, 412, 414, and 416, as shown in Figure
4 (a). The result is that the frequency that is designated to |
be investigated first is different for each of the co~channel
cells. ’

The number of frequencies by which each first frequency

20 differs from co-channel cell to co-channel cell is one less
than the number of frequencies that would have to be in use in
a given cell before any particular frequency can be in use in
more than one cell, assuming equal load on all ‘co-channel
cells. In the embodiment shown in Figure 4(a), this offset

25 has been set to 3, but it will be recognized by those skilled
in the art that the offset could be set differently to
optimize performance in a particular system.

Thus, in the embodiment shown in Figure 4(a), if each cell
carries no more than three calls, then none of the Ifrequencies

30 will be used more than once. This situation corresponds to
very low traffic. The more traffic there is, the more
frequencies which are used more than once.



1"to n, where n is an integer. It will also be understood that 5 each
particul ar frequency receives" ering assignnent in each

co- channel cwid9siFogur e iyl Lystpates a method for assigning apcesebimibe
frequency for use within pur pose of exanple, a frequency
group 300 is shown whi chJMﬂE H

'

-seqyen- 10 tially nunbered
frequencies. As shown b , frequenci es are assigned by taking
the |l eftnost frequency that is available in the list. That is, priority
assignments have been nmade to each of the frequencies, such that priority:
of selection iphecsieaationlios which hbecél] icariesmdredient three calls

is not very likely. A more realistic case is illustrated with
-the thick vertical line 418 which indicates an average usage
of three channels per cell, but with a varying load level per
5 cell. In this case, the fregquency corresponding to frequency
7 and frequency 16 are used twice, frequency 9 and frequency
12 are unused, and the remaining frequencies are used only -

once.

Thus, in accordance with this embodiment of the invention, the

10 load would have to approach the maximum of twenty-one channels
before co-channel interference would reach the same high
values: that were obtained using the conventional method
previously described with reference to Figure 3 at low traffic
load levels. '

15 According to another exemplary embodiment, illustrated in
Figure 4(b), those channels which are assigned to the right of
the "priority" channels are assigned in ascending order of
their respective priority usage in the channel assignments of
other co-channel cells. Thus, for example, in cell C, channel

20 6 is given the fourth highest priqrity, ‘as compared with
channel 4 in the exemplary embodiment of Figure 4(a), because
channel 6 has the third highest priority assignment in cell

Ca-

Accordingly, the sequence 6, 9, 12, 15, 18, and 21 of channel

25 sequence 420 in cell C,, corresponds to those channels which
. have the third highest priority in the other co~channel cells.
The ascending order' continues with those channels having
second highest priority (i.e., S5, 8, 11, 14, 17, and 20),

. followed by those channels having the highest priority (i.e.,
30 4, 7, 10, 13, 16, and 19) in the other co-channel cells. In
this way, co—channel' interference will be reduced during lower
than maximum capacity usage periods since the channels
designated as being of a high pi'iority for one co-channel cell



15 is in the Iist. y 1is first inves- tigated to

see’whether it is avai I a / | abl e is not, the search continues to
f requency 2, WR858WLHN, &, bete/ SUI tabl e frequency PETISEAHENTS f

no frequency is found, In the nmethod descri bed above
with reference to Fi gure haveiz he sane list and the sane
al gorithm for selecting frequenC| es then frequency 1 will often be used
and frequency 21 will al nost never be used. Consequent |y, the co-channel

interference conditions on frequency 1 will 25 generally be as poor or
good as the systé®n@s,dchapneds ok and 2 in cell C,) have relatively low

priority in the channel assigmnent sequences of the other co-
channel-cells, for example channel assignment sequences 422~
432.

5 Those skilled in the art will appreciate that although the
channel assignments have been illustrated in Figure 4(b) as
following cell order, i.e., in cell C,, the sequence 5, 8, 11,
14, 17, and 20 corresponds to the third highest priority
channel assignment in cells C,, Gy, C., Cs, Cs and C,,

10 respectively, that any desired order can be used as long as
the channels are assigned in ascending priority order. Thus,
in the exemplary embodiment of Figure 4(b), the order of the
channels ranked 4th through 21st in pricrity can be changed as
long as those channels having third highest priority in other

15 co-channel cells have a higher priority than those channels
having a second highest priority in other co-channels cells,
which in turn have a higher priority than those channels
having a highest priority in other co-channel cells.

Moreover, if more than one co-channel c_ells are served by the
'20 same MSC, then the system will know which channels are used
for traffic in each of these co-channel cells. This knowledge
can be used to further reduce co-channel interference.
Suppose, for example, that cells C;; and C,; are served by the
same MSC and channel assignments are made according to the
25 channel assignment scheme shown in Figure 4(b). Further,
suppose that channels 12 and 15 are currently being used for
traffic in cell C;, and channels 7, 8, and 9 are currently
being used for traffic in cell Cy;. If another call is to be
established in cell C;,, the next channel in the list is 1S.
30 However, since the system knows that channel 15 is already in
use in cell C, channel 18 will be allocated to the new call
instead of channel 15 to reduce the likelihood of co-channel
interference. This knowiedge of co-channel usage can be used



and fr.equency 21 will eftenprovide -good co-channel inter- ference val ues

in tthe rare instances in which it is assigned for use by a cell. Thus, even

when each celYO@¥BIH3 o sBeerf Replacedhe ‘co- channel i nt er f erROTSEI4/00795
experi enced by the few 30 u ﬁ uencies wll still be high, since
t he same frequencies are signggl by each cell. The reader

will- recogni ze that the deficiencies in the nmethod just described are
present when each frequency is assigned to
in any of the above-described embodiments whenever such
knowledge is available.

The deséription has, so far, taken the case where each carrier

frequency has a single channel assigned to it. Such a systenm

5 is referred to as a Frequency Division Multiple Access (FDMA)

- system. Another feature of the present invention is that the

improvement described above is still present if one carrier

frequency is assigned to carry more than one conversation,

such as in a Time Division Multiple Access (TDMA) systen,

10 which defines each communication channel as cne or more time
' slots on a particular carrier frequency.

For example, if each carrier frequency is divided into three
time slots, then only one carrier is used for every three
conversations in each cell. This situation is illustrated in
15 Figure 5. The three time slots 506 defined by the TDMA system
are sequentially repeated over time, as shown. Figure 5
depicts the situation in which cell 1's carrier frequenéy 502
is the same as, and fully synchronized with, cell 2's carrier
frequency 504. The result is interference on all three
20 channels. ' |

As described below with respect to Figure 6, it can be seen
that by using the same method described above with respect to
FDMA systems, the co~channel interference which arises in the
conventional TDMA system described in Figure 5 can be similar-
25 ly avoided. This is because the method increases the like-
lihood that each cell's group of three channels 506 is
assigned to a different carrier frequency. ' :

In this exemplary embodinent of the invention, priorities are
assigned to TDMA time slots on a given frequency (i.e.,
30 channels) ina manner that reduces the likelihood of co-chan-
nel interference. As shown in Figure 6, p:iorities have been
assignéd to channels in a TDMA system having three time slots



5 only one channel in a_systemcalled Frequency Divi sion Milti pl e Access
(FBMA)., and al so when each frequency is assigned to nore than one channel,
in a Tinme DIVYPISBHIRUI t i pies SB&CH&SBeénTQﬁLdSyStem 5 Ther ef or e, PCWSES/0AT9S

obj ect of the present inve frequenci es for use in co-channe
cells in an FDVA nobile co teddi n such a nmanner that the
quality of a connection (as neasure he anmpbunt of co-channel inter-
ference on a frequency) is inproved when the traffic level is 10 |Iess

t han a maxi num capacity. C .. .
per frame on a given frequency. Cell 1's priority list 604

causes it to attempt to allocate a pending communication first

to channel 1, then to channel 2, and then to channel 3. Cell

2's priority list 606 causes it to attempt to allocate a

5 pending communication first to channel 2, then to channel 3,

and then to channel 1. Similarly, Cell 3's priority list 608

causes it to attempt to allocate a pending communication first

to channel 3, then to channel 1, and then to channel 2. The

direction of the arrow 602 indicates that if a cell is unable

10 to allocate a pending communication to the highest priority

channel, it proce_eds to the right in the 1list to f£ind the next
available one.

The vertical line 610 shows that if only one conversation is
taking place on the same frequency in each cell, the cells'

15 differing channel selection eliminates co-channel inter-
ference.

Sometimes in TDMA systens, inaccurécy in the time reference
can cause the TDMA structures to slowiy slide relative to one
another. In other words, there is a time difference between

20 when a first cell recognizes a given time slot', and when a
second cell recognizes that same time slot. This situatien,
referred to as pseudo-synchronization, is depicted in Figure
7., where two cells in a TDMA system are both using the same
frequency. There, it can be seen that the second cell's

25 carrier frequency 704 is shifting to the right with respect to
the first cell's same carrier frequency 702, causing its group
of three channels 708 to similarly shift with respect to the
first three channel group 706.

To compensate for this, in accordance with another exemplary
30 embodiment of the in'v_ehtion , a modified method may be applied
to the pseudo-synch:onized TDMA situation in order to reduce
the likelihood of co~channel interference. The priority of
channel selection within a given cell is still made as shown



Anot her object of the i-vention is to select frequencies for use in
co-channel cells |n such a rranner that the cell hardware associated with a

particul ar fW@ relative to the cel PCISESwaI7eS
associated wt h 15 ot her
invention is to sel ect fr

the cell. A further object of the

se | B5co-channel cells operating in
a synchroni zed TDVA enV|ronnent I'n suc a manner that the quality of a
“connection i-s inmproved when the traffic level is |less than a maxi mum 20

capaC| ty. A still further object of the invention is to select channels
in Figure 6 and described above with respect to fully synchro-

nized TDMA. However, _instead of allocating the first channel

that is available and suitable, starting from the left side of

the list, this exemplary allot:_ation method also compensates
5 for the time difference 710.

Referring to Figure 8, this exemplary method begins at block
801, where a channel is selected that is an integral number of
time slots to the right (the rounded off time difference) of
the highest ranked channel available in the list. If the
10 result of this addition is a channel number that is within the
set of channels assigned to this cell, then the channel is
allocated to the pending call and the process ends at block

807.

Otherwise, when the addition of the time difference to the
15 highest ranked channel would result in a channel assignment
outside the. set of channels ass:.gned to this cell, as deter-
mined in block 803, then the channel is instead allocated by
subtracting the highest channel number from the channel number
determined in block 801. For example, if there are three
20 channels on this carrier frequency éssigned to the cell of
ihterest, and the result of processing block 801 is that
channel 4 would be assigned, then this would be detected in
block 803, and corrected in block 805 so that channel number
1 (i.e., 4 - 3) would be instead be assigned to the pending

25 call.

Another exemplary embodiment of the invention is shown in
Figure 9, which beneficially avoids uneven burnout of hardware
(e.g., output ampi_ifiers) within a cell. Such burnout can
result from an unchénging frequency priority assignment,
30 because carrier frequencies having a high priority are
selected for use much more often than carrier frequencies
having a lower priority. As shown in the figure, each cell
uniquely prioritized its sequence of available frequencies as



for use in co-channel cells operating in a synchroni zed TDVA envi ronment in
such a rrannegvé;ééwt he quality of a connection’is inproved when the traffic

level is |les

-y aX | THAShetPHasGRBAplaYed YEL anot her obj ect BET/SERH00795

i nvention is to select cha | n co-channel cells operating in a
TDMA envi ronnment .in an asy wheeei n the TDVA structures of
co-channel cells are slidi Ive to each other and the tinme 30

differences are known. This state is referred to hereafter as

10

15

20

before. However, to avoid uneven burnout of hardware, the

priority scheme within each cell can be shifted periodically.
For example, one might ;_shi_ft the sequenée of each cell by one
every night, as shown in Figure 9. The selection order 904

. for cell C,, starts out being 1, 2, 3, 4, . . . 20, 21.

However, it may be chai;g__ed overnight, so that the next day the
selection order 904' is 2, 3, 4, . . . 20, 21, 1. The other

' selection orders 906, 908, 910, 912, 914, and 916 may similar-

ly be converted to, respectively, the selection orders 906°,
908, 910°¢, 912', 914', and 916'. This shiftiz;g operation may
continue daily, so that the hardware use will be evenly
distributed. '

The invention has been described with reference to particular
embodiments. However, it will be readily apparent to those
skilled in the art that it is possible to embody the invention
in specific forms other than those of the preferred em-
bodiments described above. This may be done without departing
from the spirit of the invention.  The preferréd embodiments
are merely illustrative and should not be considered restric-
tive in any way. The scope of the invention is given by the
appended claims, rather than the preceding description, and
all variations and equivalents which fall within the range of
the claims are intended to be embraced therein.



a pseudo- synchroni zed TDVA envi ronment of S| npl y pseudo- synchroni zati on.
SUMVARY OF THE | NVENTI ON Actor di n nvention, the foregoing
i oo oo UIMTUNORTT sy 55 1 et

and other 5 obj
é’ﬂt"’é 2013t | ower aver agec¢

t hat takes adv

requency use during peri oBCT/SEI40vas

traffi.c, such as in off-peak hours. In accordance with an_exenplary FDVA
enbodi ment of the invention, a frequency is sél®zcted for use in a pending

10 communi cations operation by first form ng a sequence Of ThisSheet Has Been Repla

10

15

20

25

30
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1. A method of selecting a communication channel for com-
munication in a cellular radio commum.catlon system com-

N Tl

prising the steps of: _
" providing a channel group having a plurality of different

- channels to each of-a plurality of cells;

establishing, for each of said plurality of cells, a
selection sequence which prioritizes said plurality of
different channels; and

_ selecting, in one of said plurality of cells, a channel
which is currently unused in said one of said blurality of

‘cells having a highest priority as said communication channel.

2. The method of selecting a comunieation channel of clainm

1, wherein said step of establish:.ng further comprises the
step of:

designating, for each selection sequence, a set of high
priority channels arranged in descending priority order which
are different for each of said plurality of cells.

3. The method of selecting a communication channel of claim
2, wherein said step of establishing further comprises the
step of:

using a same channel pattern for each of said plurality
of cells but starting said selection sequence of each of said
plurality of cells at a different channel in the channel
pattern. |

4. The method of selecting a communication channel of claim
2, wherein said step of establishing further comprises the
step of: |
providing a plurality of lower priority channels in each
said selection sequence following said set of high priority
channels, said lower priority channels of each cell comprising



frequencies that is thenssmse: tadpah/res
one frequency in the seq

hi ghest pri orwoyslomlme d

two cells. Then,

frequency that follows the designated frequency in the sequ

Q.gannel cells. Next, for each cell;
,lﬂ encies is designated to have a

! en- cy bei ng di fferent [ pcqt}snbﬁmgg
greSS| vely |ower pri

= A

assigned to remai- ni ng frequenci es by beégi ngigng the assi gnH% W th a next

continuing to assign in sequence through the list until eac

Iﬁﬂllﬂ i Illl

di fferent -frequenci es has been assigned 20 a priority. Alternately,

sequence of fre%&%}%éﬁs foeAG iR othéasees S NiditpPRosify aifiinels of the

arranged In a man

10

15

20

25

30

otr]-?er of said pluralz.ty of cells.

5. The method of selecting a communication channel of claim
4, wherein sa1d step of establishing further comprises the
step of: '

grouping each ~of said plurality of lower priority
channels in gach said selection sequence according to its
respective priority in a set of high priority channels of
another cell.

6. The method of selectixig a communication channel of claim
1, wherein said step of -sélecting further comprises the steps
of: ' o

determin_ihg whether said highest priority unused channel
is being used in another of said plurality of cells, and

if said highest priority unused channel is being used in
another of said plurality of cells, then selecting the next
highest priority channel which is not currently being used in
said one of s_aid plurality of cells and which is not currently
being used in another of said plurality of cells.

7. The method of selecting a communication channel of claim
6, wherein said step of selecting further comprises the step
of: _ B

if all channels which are currently unused in said one of
said plurality of cells are currently being used in at least
one other of said pi\ira'l'ity of cells, then selecting a highest
priority unused channel which is used only once in ancther of
said plurality of cells.

8. In a cellular communication system having a plurality of
co-channel cells, each co-channel cell having a same channel
group cémprising a plurality of different channels, each
channel being usable by the co-channel cell in a com-
munications operation, a method of select:mg in a co-channel



that the highest priofity cthanmets—n—ore co-channel cell are of a
relatively low priority

' 0- channel cells. Thus, in each cell,
a-frequency i\¥0§§4ﬂwﬁec,m3m im”iﬂi'&&; pendi ng comuni cat'i oNBCYPEI400793N

by .choosing, fromthe s

nci es, an avail abl e frequency

having a higher priority than all other availgble frequencies in the
sequence of frequencies. In accordance wth another enbodi nent of the

i nvention, the 30 above-described steps of, for each cell, designating and
assigning are performed periodically, so that the sane

10

15

20

25

30

35

cell, from the plurality of different channels, a channel for
use in a pending communications operatién, comprising the
steps of: -
in each co-channel c_:eil, forming, from the plurality of
different channels, a sequence of channels, such that fdr each
channel in the sequence, a next channel is the same in all co-~
channel cells:;

in each co-channel cell, designating one channel in the
sequence of channels to have a highest priority, the desig-
nated channel being different in at least two co-channel
cells; | | .

in each co-channel cell, assigning progressively lower
priorities to femaining channels, by starting with a next
channel that follows the designated channel in the sequence of
channels, and continuing to assign lower priorities in
succession to channels in the segquence until each of the
different channels has been assigned a priority; and

in each co-channel cell, selecting a channel for use in
the pending communications operation by choosing, from the
sequence of channels, an unselected channel having a higher
priority than all other unselected channels in the sequence of
channels.

9. In a cellular communication system having a plurality of
co-channel cells, in which a time difference between co-
channel cells is a known number, and wherein each co-channel
cell has a same channel group comprising a plurality of
different channels, each channel being usable by the co-
channel cell in a communications operation, a method of
selecting in each co-channel cell, from the plurality of
different channels, a channel for use in a pending com-
munications operation, comprising the steps of:

in each co-channel cell, forming, from the plurality of
different channels, a sequénce of channels, such that for each
channel in the sequence, a next channel is the same in all co-

channel cells; .
. This Sheet Has Been Rerlaced
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7 frequency with the—smﬂ?—pﬁ—eﬁ—t—y——l—s—ﬁet designiated tw ce in succession.

In yet another enbodi pvention, the above-des- cribed step of
desi gnat i ngW%"'f’%’t‘-ﬁe ge of 5 current frequeGI/SES¥007S t he
system According to .of the present invention, the
sequence of frequenC|es |n the co- channel cebls is not the sane, but is

I nstead varied based upon,the priority usage of

in each co-channel cell, designating one channel in the
sequence of channels to have a highest priority, the desig-
‘nated channel being different in at least two co-channel
cells; |
5 in each co-channel cell, assigning progressively lower
priorities to remaining channels, by starting with a next
channel that follows the designated channel in the sequence of
channels, and continuing to assign lower priorities in
succession to channels in the sequence of channels until each’
10 of the different channels has been assigned a priority:;
in each coéchannel cell, identifying, from the sequence
of channels, a first unselected channel having a higher
priority than all other unselected channels in the sequence of
channels or a successor channel; '
15 in each co-channel cell, selecting for use in the pending
communications operation an unselected channel having a
' priority that is alternatively equal to or less than the
priority of the first unselected channel in response to a
comparison between the time difference and a predetermined
20 amount of time.

10. A method for reducing co-channel interference in a
cellular radio communication system having a plurality of co-

channel cells comprising the step of:
selecting, in a co-channel cell, from a plurality of
-25 traffié channels shared by said plurality of co~channel cells,
an idle traffic channel which is least in use in the other of
said plurality of co-channel cells.

11. The method for reducing co-channel interference of claim

10, wherein said other of said plurality of co~channel cells

30 comprise co-channel cells which are geographically closest to
said co-channel cell. '

12. .The method for reducing co~channel :Lnterference of claim

10, further comprising the step of:
' This Sheet Has Been Repi
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frequenC|es in other co-channgl cells. The frequency plan for 10 each

co- channel cqbbgg,aﬂube based on descendi ngly ranked priority c I
that co-channel ceft —fotoewed-by channels which are used as p:?(glpﬁ9y/oaﬁs

channel s in other un]annel cells llisted in_an ascending manner. In still

anot her enbodi nent, m”u"f utilizeddin a 15 full y synchroni zed
time division nul t| system by form ng a*sequence of

channel s that is the sane |n alﬁ do-channel cells. Then, for each cell, one

channel in the seque S, ave hi ghest

priority, - -the desi gnacfetdg % °%|e?#‘gp€£r§g$%8a°?‘aln@aegs rce‘g Py said
plurality of co-channel cells is least in use by checking an
idle/used status for each of said other of said plurality of
co-channel cells. '

5 13. A method for selecting a traffic channel in a cellular

radio communication system comprising the steps of:
'providing_a channel group having a plurality of different
traffic channels to each of a plurality of co-channel cells;
. establishing, for each of said co-channel cells within
10 a group of co-channel cells, a selection sequence of high
priority channels which prioritizes selection of a number of
said traffic channels such that high priority channels for one’
co-channel cell differ from high priority channels assigned
to selection sequences for said one co-channel cell's nearest

- 15 co-channel cells; and _
selecting, in one of said plurality of co-channel cells,
a traffic channel which is currently unused and has a highest'
priority for selection in said one of said plurality of co-
channel cells.

20 14. The method for selecting a traffic channel of claim 13,
further comprising the step of:
establishing, for each of said co-channel cells within
a group of co'-channel cells « @ selection sequence of lower
priority channels which prioritizes selection of a number of -
25 traffic channel such that the lower priority traffic channels
of said one co~channel cell are used as high prlorzty traffic
channels in said one co-channel cell's nearest co-channel
cells.

.This Sheet Has Been Rep
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20 " Then, for each cell, progressivély | ower priorities are assigned to

rerai

foll ows the designated channel in the sequence, and continuing
sequence through the |ist untl[

a55|g
use i
of ch
unsel
enmbod

ni ng channel s by beglnnlng t'he assigning with a next channel thap

each of the dlfferent channels
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(57) Abstract

Amethodmaceuuhroomummnsystempmvxdesselecuonofaclnnnelforusemapendmgeommummonsoyeunon.me
ulxmm&mngﬁwhhhhoodofco—chamelmmfemme. hmhwcbanmleeﬂ.&equmu&omlheceﬂ's&equencygmwmcrdaed :
in a sequence. A different frequency in each cell is designated as having a highest priority. Successively lower pricrities are then assigned, |
in each cell, 0 remaining frequencies in sequence. Then, in each cell, sclection is made by identifying the available frequency having
the highest priority. Themelhodmaybemodﬁedﬁopmvxdeﬁotevendvsnhmonofhardmusebychmgmgd:epnmuesmewhcdl
penod‘u:lly.Themehodmy@kmdﬁedformcmaﬁﬂysymhomzedmdvmnmﬂuplem(mmsyswmhyperformng
the above steps with respect w0 channels instead of frequencies. The method may further be modified for use in a
mMAsysaem(i.e.,onemwhxchthe'IDMAumeslotsot'onecellmslowlyshfungmxh:espeablheumcslotsofam!hercell)by
selecting, mslndofthehxghestpnmtychannel.omhavmgalowetpnomybasedonanmcdlffemmebetweenconwpondmgnmcslou
in two co-channel cells.




-a cel lular communi cation system operating in accordance with a

“‘pseudo- synchroni zed tine diVisidn,nuItipIe access ( TDWVA) 8 systemin
which a ti rpglsjgherserice between channel s i s known, by forni ngPETSERUMIe Of
channel s that is the sanme in all cells. Then, for each cell, one channel in

the sequence of channels is designated to have a highest priority, the 5
desi gnat ed channel being different in at |east two cells.

Fig. 1

102
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Next, "progressively lower priorities are assigned to remai- ning channels
in each cell by beginning thé assigning with a next channel that follows

t he desi gnat ey sd@@ne! in the sequence, and continuing to assi GETSEI00795
sequence through the 10 list until each of the different channel s has been
assigned a priority. Then, in each cell, a first unsel ected channel is
identified fromthe sequence of channels. _.The first un- sel ected channel
has a higher priority than all other und &8l ected channels in the seqguence
of channels. Finally, an-15 wunselected channel is selected for use in the
pendi ng com muni catrons operation in each cell by selecting a channel

 Fig 2.

@ o
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e
having a priority that is alternatipyglky u%l to or less than the priority-
of the first unselected channel inr Ixsd er ni nation that the
time differenW@®95@7@iSeater than a 2 d anount. BRIBGT/SE94/00795
DESCRI PTI ON OF THE DRAW NGS The .f or )ik and features of the
present invention will be nore readily appreciated upon reading the
followng detailed description, when read in conjunction with the 25
Figures in which: Figure 1 is a di agramBﬂ"&)art of a cellular tel ephone

systemutilizing a 7-cell Brequenc repea& pattern;
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Figure 2 is a dlagran1shomnng a dIe ceII fron1a 7-cell cluster, and its

six closest co-channel cells;: 3 a rel ated net hod of
al l ocating WAt es in co- cha F|gure 4(a) PCT/SENMNTS
frequency allocation in seven co |n an FDVA systemin
accordance with one exenpl ary. enbodlnent of t e invention;
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seven 5 co-channel cells in

Figure 4(b) illustrates frequenﬁusﬁig ﬁ&m n.in
_ ary enbodi nent of the

"an FDVA system in accordance. mAt
Invention; wopsne3 shows co- ch nce between twoPCHSE/NTISa
fuIIy synchronlzed TDVA system a priority list for use in a
three cell fully 10 synchronlzed TDNA sy&Lenl I n accordance wi th anot her
exenp- |ary enbodi nent of the invention; Figure 7 shows co-channel
interference between two cells in a péidéb-synchronlzed TDVA systen1 F|gure
8 illustrates channel allocation ES accorg?nce mkgh
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15 anot her exenplary enbodi nent ,!puf 111 he | nventdion to be used in a

pseudo- synchroni zed TDVA system nReplhdediSt r at es anot her exenpl ary
enbodi nent oWO9587913vent i on whi CQ' ut es the al | ocRET/SES4M0795
frequen- cy usage in a cell. 20" HE PREFERRED ENMBODI MENTS

Referring now to Figure 4(a), a nmethod in accordance with an exenplary
enbodi ment of the present invention is shown. The arrow 402 indicates that
sel ection of frequency is made by .t aki ng-—?g | & 668t frequency bei ng
available in the list. 255d&at is, eac ‘quency has been assigned a
priority such that - : : _

X
‘ _ A
CELLi t | 2 [ 3|1t |2 |3 |1t | 2] 3 pso2
CELL2:f 1 [ 2 | 3|1 |23 [t ]| 2] 3 504

= TIME

Fig 6
602
}erwo
CELL{ : { | 2 3 |-604
CELL2:| 2 3 i |-606
CELL 3: 3 { 2 . lLe6os

cett:l 1 2t 3l 1231 2] 3 F72
' CELL 2: | |

- = ws e me

N /. 704
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\
= given frequency's priority o sel ection increases the closer to the left

that frequency is in the li'st. BeenRrepifcgf cell Clerr], the selection
order 404 WQ059%43t hat freqUen nvestigated fi r!ymswmom
determ ne whether it is avail abl m for use. If it is not, then
frequency 2 is inves- tigated, and so on, I a frequency is found that

is both avail abl e and swtable for- us<a7/8 :

| ( START )
l

(HIGHEST RANKED CHAN NO. | g0,
+ ROUND (TIME DIFFERENCE))

NEW _CHAN NO =

NEW.CHAN_.NO > HIGHEST CHAN.NO 2 803"

NEW. CHAIV__IVO = NEW_CHAN_NO—HIGHEST CHAN_NO |-805

( END }ao?

Fig. &
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«5 This nethod differs fron1théﬂmﬂMu£H&mmaﬂt epligfihod that was described with
~%reference to F| ure 3, in that.- orders for each of the
_co-channel 078} no Ionger : mm” Ey one anot her . Ingfgéﬁp‘“m’”
prlorltles have been assigned in eac that, for exanple, the

Sel ection order. 404 10 corresponding, tocell Cllis thesequence 1, 2, 3,

. 20, 21; the selection order 406 corrﬁgpgndlng to cell Cerr] is the

sequence 4, 5, 6, . . . 21, 1, 2, 3 el ection order 408 correspondi ng
to cell CJerr] is the s zzénce 7, 8, 9, .. 21, 1,5%3?3, 4, 5, 6; .and so
forth for the remainin S haV|ng 15 selection o] s 410, 412, 414,
and 416, as shown—v—n—ngm-e— _ — -
904 | 904’
L 4

.C”. 1 2 3 4-' {

Caqy. |1O] 11 [12] 13 {-—+——- H|12]13 M»j

914 - 914’

916 | 916’

Fig 9 |
SUBSTITUTE SHEET
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4(a). T_h_e_.Lesul‘t +—s that the freguency-that i.s designated to be
I nvest ) ferent, feor ea'c f ‘the co- channef~ cells. The
nunber S pyj whi ch:‘egqh pffers from

co- chahnegl

fr8queft e@fb&[ﬂﬁgul dhh

parti cil n be in: use- |"n~----m)re than ;pne %] 'assum ng equal
| oad on all co- channel Il's. 1n the enbodi r:{ent shown®thFi gure 4(a),
of f set TE 0 3, but-it will

the art that the offset coul d be set diff
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' system.
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be .rec I zed by those skilled in
: _'.I..‘y%3 )é)k

CHANNEL SELECTION IN A CELLULAR COMMUNICATION 8YSTEM

..........

BACKGROUND

The invention relates to channel selection in a mobile radio
communication system, and more particularly to methods and
apparatuses for selecting a channel to be used in a mobile
radio communication system cell, the selection being made in
a way that reduces the occurrence of co-channel interference.

In a cellular mobile radio communiqatiort syStem, the geograp-
hic area served by the systen is divided into geographically
defined cells, each of which is serviced by a base station.
In the system, there is a finite number of carrier frequencies
that are available for use dur:.ng commum.cations. A frequency
group, consisting of a subset of all of the available frequen-
cies, is assigned to each cell for that cell's use during
communications. However, because the number of fregquency
groups is limited, it is necessary to reuse them within the
area served by the system. Because the use of a particular
frequency by two different cells can result in co-channel
interference, possibly reducing the carrier-to-interference
ratio below an acceptable quality threshold, an attempt is
made to assign frequency groups to cells in a manner that
results in any given cell using a different freguency group
from its neighbors. A group of cells is called a cluster when
the combination of their individually assigned frequency
groups includes all available ' freqﬁencies assigned to the
_There are usually a number of clusters within a
system, each repeating a particular frequency allocation,

called a reuse pattern.

Cells to which the same frequency group has been allocated are
called co-channel cells. It follows from this description
that each co-channel cell is assigned to a different cluster

this

from all other co-channel cells.

REPLACED SHEETS
] Description : paged ........
& Claim(s) :paged..n..

SG
to paged ..........
to paged .H...... _

71 Drawing(s) paged correene O paged ..........

M Abstract

DATE GF RECEIPT ... .

.........................




optimze performance in a particular system Thus, in the enbodi ment shown
in Fi'gure 4(a), if each cell carries no nore than three calls, then none of

the frequencies 30 will be used nore than once. This situation corresponds
to wery low traffic. The nore traffic there is, the nore frequencies
whi ch are used nore than once. 11 The situatio_n in which no cell carries

nore than three calls
2

It is desirable to try to limit the effect of co-channel
interference which arises from the simultaneous use of a
particular frequency by two different co-channel cells. This
can be achieved by assigning frequencies so that the distance

5 between co-channel cells is maximized. However, maximizing
this distance means assigning fewer frequencies to each cell.
This may conflict with system requirements to increase the
capacity of each cell by increasing the number of frequencies
assigned thereto.

10 In a normal reuse pattern, such as the 21-~-cell frequency |
repeat pattern, the average expected co-channel interference
in a given cell is based on the assumption that all co-channel
frequencies in all co-channel cells are used. That is, for a
cell having a frequency group f, containing frequencies f,,

15 £, £ £ - e , the average expected co-channel inter-
ference in a given cell is calculated by assuming that each of
the cell's frequencies are simultaneously in use by the cell
and by the co-channel cells (i.e., those cells to which the
same frequency group has been assigned), even though this is

20 often not the case.

For example, reference is made to Figure 1, which shows a
system having a 7-cell frequency repeat pattern. Two cell
clusters, each cbnsisting of seven cells, are shown. The
first cell cluster 100, consists of cells labeled C,;, Cy;, Cys,
25 Cy, Ci, Cy, and Cy;. The second cell cluster 102 consists of
cells labeled Cpy, Cp, Cps Cav Cpsr Cp, and Cy. The showing of
only two cell clusters is done here solely for convenience.
It should be understood that . in practice, a mobile telephone
system may have more than two cell clusters. It should also
30 be understood that the following discussion is not limited to
systems having a 7-cell fz:equency repeat pattern, but is
equﬁlly ‘applicable to all repeat patterns, including the
popular 12-~cell and 21-cell frequency repeat patterns.

REPLACEMENT SHEET
020CT 1996

bean o eory aME Ny Mias 200 TAVE SRR



Is not very likely. A more realistic case is illustrated with the thick

vertical line 418 which indicates an average usag \

cell, but with a varying |oad l.evel per 5 cell. WMM@
fregtency corresponding to frequency 7 and frequéngy 16 are used
frequency 9 and frequency 12 are unused, and the]|rénd? 8i3GF 199gquengi es are
Thus, in accordance with this em)o I rent of the }nyention,

used only once.

f1s per

i ce,

the 10 1oad woul d have to approach the max®nmum 1)f t went'y-one-ttanpel s

before co-channel interference would reach the s

h.‘_yg_l_g\es t hat were

obt ai ned usi ng the conventional nethod
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As shown in Figure 1, each cell is assigned a frequency group,
denoted here as the letter "f" with a letter subscript. For
example, each of cells C,, and C,, has been assigned the
frequency group £,. -

Specific frequencies are denoted here as the letter £ with a

: nume;r:ic subscript. In the 7-~cell frequency repeat pattern

shown in Figure 1, frequency group f, consists of the frequen-
cies £,, £,, fy5, £, - . . , frequency group £, consists of the
frequencies £,, £f,, £, £5 . . . , and so on.

A mobile station, M, in cell C,, operates on one of the
frequencies in group £,, such as f,,. The call may or may not
experience co-channel interference from ancther user located
in cell ¢,,, depending on whether the same frequency, in this
case f,,, is being utilized in cell C,;.

In high traffic, typically 70 - 80% of the traffic
frequencies, or channels, are in use. If traffic utilization
rises higher than 80%, the user's perceived congestion becomes
intolerable. It follows that, in high traffic, the proba-
bility that a particular channel is simultaneously being used
in both cells C;; and C; is high. This simultaneous use
results in a high expected co-channel interference.

Referring now to Figure 2, the middle cell C,;, first shown in
Figure 1, is illustrated along with its six closest co-channel
cells, Cp, Gy, Gy G5y G4y, and c,',. It should be understood
that each of the illustrated co~-channel cells is located at

. the center of a seven-cell c_luster, similar to the first cell

cluster 100. However, for simplicity, the remaining cells
from each cluster, which are located between those shown, are
not illustrated.

As previously stated, each co-channel cell has been assigned
the same frequency group. For the sake of convenience in the



previously described wth reference to Figure 3 at |OM/traffIC | oad | evels.
15: According to anot her exenplary enbodi ment y=ifd-1r et gure 4(b),

t hose channel s which are assigned to the ri ghfABFLAGERED G SELE channel s
are_assigned in ascending order of their respgcfive prlorlty ishige in the
channel dssignnents of other co-channel cellsi Thug2gg¥igsanpl e, in cel
Clerr] channel 20 6 is given the fourth hi ghg¢sq priority, asjcpbnpared with
channel 4 in the exenplary enbodi nent of Fi gufe*4ftar—tecause’ channel 6 has
the third highest priority assignnment in cell j(Jerr]. '

remainder of this discussion, references made to particular
frequencies within a frequency group will assume that the
frequencies within the group are numbered sequentially, from
1 ton, wheren is an integer. It will also be understood that
§ each particular frequency receives the same numbering
assignment in each co-channel cell. '

Figure 3 illustrates a method for assigning an available
frequency for use within a cell. For the purpose of example,
a freguency group 300 is shown which has twenty-one sequen-

10 tially numbered frequencies. ' As shown by the arrow 302,
frequencies are assigned by taking the leftmost frequency that
is available in the list. That is, priority assignments have
been made to each of the frequencies, such that-'priority of
selection increases the closer to the left a given frequency

15 is in the list. Consequently, frequency 1 is first inves-~
tigated to see vhether it is available/suitable. If it is
not, the search continues to frequency 2, and so on, until an
available/suitable frequency is found. If no frequency is
found, congestion arises.

20 In the method described above with reference to Figure 3, if
all cells have the same list and the same algorithm for
selectihg frequéncies, then frequency 1 will often be used and
frequency 21 will almost never be used. Consequently, the
co-channel interference conditions on frequency 1 will

25 generally be as poor or goocd as the system is designed for,
and frequency 21 will often provide good co-channel inter-
ference values in the rare instances in which it is assigned
for use by a cell. Thus, even when each cell experiences low
traffic, the co-channel interference experienced by the few

30 assigned frequencies will still be high, since the same
ffequencies are likely to be assigned by each cell.

The reader will recognize that the deficiencies in the method
just descr:.bed are present when each frequency is assigned to



Accordi ngly, the sequence 6, 9, 12, 15, 18, and

21 of channel 25 sequence

420" i'n cell Cerr] corresponds to those channel g==ph i rd

hi ghest priority in the other co-channel cells. {Ki€l/AGHERED 2dlpr

contd nues with those channels having second hi ghedt prlorlty (Tlelf, 5, 8,
11, 14, 17, and 20), followed by those channels;th|@g whgohpsy priority
(i.e., 30 4 7, 10, 13, 16, and 19) in the otheq ¢ annel celfisf In this
way, Co- channel interference will be reducid dutli f i mum
capacity usage periods since the channels- deS|gWated as being of hi gh

pri orlty for one co-channel cell
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only one channel in a system called Fregquency Division
Multiple Access (FDMA), and alsc when each frequency is
assigned to more than one channel, in a Time Division Multiple
Access (TDMA) system. ' ‘

Therefore, it is an object of the present invention to select

frequencies for use in co-channel cells in an FDMA mobile -
communication systenm in such a manner that the quality of a

connection ( as measured by the amount of co-channel inter-

ference on a frequency) is improved when the.traffic level is

less than a maximum capacity.

Another object of the invention is to select frequencies for
use in co-channel cells in such a manner that the cell
hardware associated with a particular frequency is not

‘unevenly used, relative to the cell hardware associated with

other frequencies in the cell.

A further object of the invention is to select frequencies ‘for

‘use in co-channel cells operating in a synchronized TDMA
'environment in such a manner that the quality of a connection

is improved when the traffic level is less than a maximum
capacity. '

A still further object of the invention is to select channels
for use in co-channel cells operating in a synchronized TDMA
environment in such a manner that the quality of a connection

is improved when the traffic level is less than a maximunm

capacity.

Yet another object of the invention is to select channels for
use in co-channel cells operating in a TDMA environment in an
asynchronous state wherein the TDMA structures of co-channel
cells are sliding slowly relative to each other and the time
differences are known. This state is referred to hereatfter as



12 (e.g., channels 1 and 2 in cell Cerr]) have relatively low priority in
the ¢channel assignnent sequences of the other co- dfigi ¥ ,]s 1Qp!
exanpl e channel assignment sequences 422- 432. 5 Th ' i g art
w | |; appreciate that although the channel assignmen have been il ljudtrated
in Figure-4(b) as following cell order, i.e., inc A& 0T 193 s4qyence
5 8, [err], 14, 17, and 20 corresponds tost he thirld |hi ghest priorifty

— —+
—.n

ity f e

a pseudo-synchronized TDMA environment or simply pseudo-
synchronization.

Y OF NVENTIO!

According to the present invention, the foregoing and other
5 objects are attained by allocating frequency use in a manner

that takes advahtage of lower average frequency use during

preriods of lower traffic, such as in off-peak hours.

In accordance wiﬁh an exemplary FDMA embodiment of the
invention, a frequency is selected for use in a pending
10 communications operation by first forming a sequence of
' -frequencies that is the same in all co-channel cells. Next,
- for each cell, one frequency in the sequence of frequencies is
designated to have a highest priority, the designated frequen-

cy being different in at least two cells. Then, for each

15 cell, progressively lower priorities are assigned to remai-
ning frequencies by beginning the assigning with a next
frequency that follows the "designated frequency in the
sequence, and continuing to assién in sequence through the
list until each of the different frequencies has been assigned

20 -a priority. Alternately, the sequence of frequencies in each
co-channel cell can be different and arranged in a manner so
that the highest priority channels in one co-channel cell are

of a relatively low priofity in the other co-channel cells.
Thus, in each cell, a frequency is selected for use in the

25 pending communications operation by choosing, from the
sequehce of frequencies, an available frequency having a
higher priority than all other available frequencies in the

sequence of frequencies.

In accordance with another embodiment of the invention, the
30 above-described steps of, for each cell, designating and
assigning are performed periodically, so that the same



channel assignnent in cells CJerr], (err], Jerr],=Clerr],
Clerr], 10- respectively, that any desired order cqRipeaps

channel s are assigned in ascending priority order. J1reseiuiti e UKD ar y
enbodi ment of Figure 4(b), the order of the channetsfranked 4t h thjoligh

21st in priority can be changed as long as those chaj né@?thﬁhﬂng thifd
hi ghest priority in other 15 co-channel cells havg )
t hose channel s having a second highest pridrity i
which in turn have a higher priority than those c
priority in other co-channel cells. Mreover, if nore than one co-channel

higher pri ory
if ot her co- cnarmre

2R

cells are servedrByuéfify with the same priority is not designated twice in
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succession.

In yet another embodiment of the invention, the above~des-
cribed step of designating is further based on knowledge of
current frequency use in the system.

According to another embodiment of the present invention, the
sequence of frequencies in the co-channel cells is not the
same, but is instead varied based upon the priority usage of
frequencies in other co~channel cells. The frequency plan for
each co-channel cell can be based on descendingly ranked
priority channels for that co-channel cell, followed by
channels which are used as priority channels in other co-
channel cells listed ~i.n an ascendixig_ manner.

In still another embodiment, the invention is utilized in a
fully synchronized time division multiple access - (TDMA)
system by forming a sequence of channels that is the same in
all co-channel cells. Then, for each cell, one channel in the
sequence of channels is designated to have a highest priority,
the designated channel being different in at least two cells.

Then, for each cell, progressively lower priorities are-

assigned to remaining channels by beginning the assigning with
a next channel that follows the designated channel in the
sgquence, and continuing to assign in sequence through the
list until each of the different channels has been assigned a
priority. Finally, in each cell, a channel is selected for
use in the pending communications operation by choosing, from
the sequéﬁce of channels, an unselected channel having a
higher priority than all other unselected channels in the
sequence of channels. -

In yet another embodiment, the invention is adapted for use in
a cellular communication system operating in accordance with
a pseudo-synchronized time division multiple access (TDMA)

eks-0aVi Ng._a hijjghest



20 same MSC, then the systemwil |
in edch of these co-channel cells. This know eg
reduce co-channel interference. Suppose, for e 2

Clers] are served by the same MSC and channel |
according to the 25 channel .assi gnment scheng

Furt her, suppose that channels 12 and 15 are cyr fer

traffic in cell

Clerr] and channels 7, 8, a&ad P are currently bei ng used

"know whi ch channel S are used for traffic

and

for traffic in cell Cferr]. If another call iE slabli in cell
Clerr], the next channel in the list is 15. 30 However since the system

knows t hat channel 15
tem
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n wqilirc%adytime difference between channels is known,
by forming a sequence of channels that is the same in all
cells. Then, for each cell, one channel in the sequence of
channels is designated to have a highest priority, the
designated channel being different in at least two cells.
Néxt, progressively lower priorities are assigned to remai-
ning channels in each cell by beginning the assigning with a
next channel that follows the designated channel in the
sequé.nce , and continuing to assign in sequence through the
list until each of the different channels has been assigned a
priority. Then, in each cell, a first unselected channel is
identified from the sequence of channels. The first un-
selected channel has a higher priority than all other un-
selected channels in the sequence of channels. Finally, an
unselected channel is selected for use in the pending com-
munications operation in each cell by selecting a channel
having a priority that is alternatively equal to or less than
the priority of the first unselected channel in response to a
determination that the time difference is greater than a
predetermined amount.

R S PTION O GS

The foregoing objects and features of the present invention
will be more readily appreciated upon reading the f_ollowin_g

detailed description, when read in conjunction with the

Figures in which:

l‘:igure 1 is a diagram of part of a cellular telephone system
utilizing a 7-cell frequency repeat pattern;

Figure 2 is a diagram showing a middle cell from a 7-cell
cluster, and its six closest co-channel cells:; _

Figure 3 shows a related method of allocating frequencies in
co-channel cells:; .



use in cell Cerr], channel 18 will be allocated to the new call instead of
ﬁhac\llnelj‘ 15 ]EO reduce the |ikelihood of co-channel interference. This

now edge of co-channel usage can be used 13 i '
above-described enbodi ments whenever such know edmmm ﬁirﬁﬂEETrhe
description has, so far, taken the case where each tarrier frequepcly has a

singl e channel assigned to it. Such a system 0 2 0CT 1996
_ 9

Figure 4(a) illustrates frequency allocétion in seven
co~channel cells in an FDMA system in accordance with one
exemplary embodiment of the invention;

. E—

Figure 4(b) illustrates fréduency allocation in seven
5 co-channel cells in an FDMA system in accordance with another
exemplary embodiment of the invention;

Figure 5 shows co-channel interference between two cells in a
- fully synchronized TDMA system;

Figure 6 shows a priority list for use in a three cell fully
10 synchronized TDMA system, in accordance with another exemp-
lary embodiment of the invention;

Figure 7 shows co-channel interference between two cells in a
pseudo-synchronized TDMA systen; ’

Figure 8 illustrates channel allocation in accordance with
15 another exemplary embodiment of the invention to be used in a
pseudo~synchronized TDMA s_ystem. and

Figure 9 illustrates another exemplary embodiment of the
invention which evenly distributes the allocation of frequen-
cy usage in a cell.

20 SCRIPTION O D ODT S

Referr:.ng now to Figure 4(a), a method in accordance with an
exemplary embodiment of the present invention is shown. The
arrow 402 indicates that selection of frequency is made by
taking the leftmost frequency being available in the list.
25 Thai: is, each frequency has been assigned a priority such that
' a given frequency's priority of selection increases the closer
to the left that frequency is in the list. Consequently, for
cell C,,, the selection order 404 requires that frequency 1 be



Anot her feature of the present invention is t
above is still present if one carrier frequen
t han one conversation, such as in a Tinme D vi ?ﬁ% Ie A
system 10 which defines each conmmuni cati on cHa ne é )
slots on a particular carrier frequency Eor ax:nnle if each, drrier
frequency is divided into three. tine si ot t fren onIy one carrig¢r is used
for every three conversations in each cell. Thius«stsiad ifll ustrated
in 15 Figure 5. The three tinme slots 506 defined by the TDNA system
investigated first to determine whether it is available and

suitable for use. If it is not, then frequency 2 is inves-
tigated, and so on, until a frequency is found that is both
available and suitable for use.

garry nore
}#S (TD'VA)

5 This method differs from the conventional method that was
described with reference to Figure 3, in that the selection
orders for each of the co-channel cells are no longer iden-
tical to one another. Instead, priorities have been assigned
in each cell so that, for example, the selection order 404

10 corresponding to cell C,, is the sequencel, 2, 3, . . . 20, 21;
the selection order 406 corresponding to cell C, is the
sequence 4, 5, 6§, . . . 21, 1, 2, 3; the selection order 408
corresponding to cell G, is the sequence 7, 8, 9, . . . 21, 1,
2, 3, 4, 5, 6; and so forth for the remaining cells having

15 selection orders 410, 412, 414, and 416, as shown in Figure
4(a). The result is that the frequency that is designated to
be investigated first is different for each of the co-channel
cells.

The number of frequencies by which each first frequency

20 differs from co-channel cell to co-channel cell is one less
than the number of frequencies that would have to be in use in
a given cell before any particular frequency can be in use in
more than one cell, assuming equal load on all co-channel
cells. In the embodiment shown in Figure 4 (a), this offset

25 has been set to 3, but it will be recognized by those skilled
in the art that the offset could be set differently to
optimize performance in a particular system.

Thus, in the embodiment shown in Figure 4(a), if each cell
carries no more than three calls, then none of the frequencies

30 will be used more than once. This situation corresponds to
very low traffic. The more traffic there is, the more
frequencies which are used more than once.



are sequentlally repeated over tine, as shown. Fi gure 5 dep| cts the
situation in which cell 1's carrier frequency 50QR-stfe.s. and fully

synchroni zed with, cell 2's carrier: frequency SQLJLJM. VR ITTEERT
interference on all three 20 channels. As descrji fEttreton=m<myrdspect to
Figure 6, it can be seen that by using the same jnglt hgd.dase Hibove with
respect to FDVA systens, the co-channel interfed fjce”Wht ¢ sgsifin the
conventional TDVA system described in Figate 5 gar-besiqular; ‘53 |y
avoi.ded. This is because the nmethod increases the |ike- |Ih00d t hat each

. i
cell's group of three channels 506 is : , UL s [ e

The situation in which no cell carries more than three calls
is not very likely. A more realistic case is illustrated with
the thick vertical line 418 which indicates an average usage
of three channels per cell, but with a varying load level per

5 cell. In this case, the frequency corresponding to frequency
7 and frequency 16 are used twice, frequency 9 and frequency
12 are unused, and the remaining frequencies are used only
once.

Thus, in accordance with this embodiment of the invention, the

10 load would have to approach the maximum of twenty-one channels
before co-channel interference would reach the same high
values that were obtained using the conventional method
previously described with reference to Figure 3 at low traffic
load levels.

15 According to another exemplary embodiment, illustrated in
Figure 4 (b), those channels which are assigned to the right of
the "priority" channels are assigned in ascending order of
their respective priority usage in the channel assignments of
other co-channel cells. Thus, for example, in cell C,; channel

20 6 is given the fourth highest priority, as compared with
channel 4 in the exemplary embodiment of Figure 4(a), because
channel 6 has the third highest priority assignment in cell

Ca-

Accordingly, the sequence 6, 9, 12, 15, 18, and 21 of channel
25 sequence 420 in cell C,; corresponds to those channels which
have the third 'tiighe’st priority in the other co-channel cells.
The ascending order continues with those channels having
second highest priority (i.e., 5, 8, 11, 14, 17, and 20),
followed by _thbse channels having the highest priority (i.e.,
30 4, 7, 10, 13, 16, and 19) in the other co-channel cells. In
this way, co-channel interference will be reduced during lower
than maximum capacity usage periods since the channels
designated as being of a high priority for one co~channel cell



assigned to a different carrier frequency. In this exenpl ary enbodl ment of.

the i'nvention, priorities are assigned to TDVA i fRSduotg=egrm=e ﬁ.q
derrhpod of
BRG]

frequency (i.e., 30 channels) in a manner that r WEM
co-chan- nel interference. As shown in Figure 6, pri
tbgﬁfﬁ@t %996 14|per

assigned to channels in a TDVA system havi ng thregq
franme on a given frequency. Cell 1's prioriltzy list

(e.g., channels 1 and 2 in cell C;,) have relatively low

- priority in the channel assignment sequences of the other co-
channel -cells, for example channel assignment sequences 422-
432.

5 Those skilled in the art will appreciate that although the
channel assignments have been illustrated in Figure 4(b) as
following cell order, i.e., in cell C,, the sequence 5, 8, 11,
14, 17, and 20 corresponds to the third highest priority
channel assignment in cells C,, Gy, C;+ Csys C4 and Gy,

10 respectively, that any desired order can be used as long as
the channels are assigned in ascending priority order. Thus,
in the exemplary embodiment of Figure 4(b), the order of the
channels ranked 4th through 21st in priority can be changed'as

' long as those channels having third highest priority in other

15 co-channel cells have a higher priority than those channels
having a second highest priority in other co-channels cells,
which in turn have a higher priority than those channels
having a highest priority in other co-channel cells.

Moreover, if more than one co-channel cells are served by the

20 same MSC, then the system will know which channels are used
for traffic in each of these co~channel cells. This knowledge

can be used to further reduce co-channel interference.
Suppose, for example, that cells C;, and C,, are served by the
same MSC and channel assignments are made according to the

25 channel assignment scheme shown in Figure 4 (). Further,
suppose that channels 12 and 15 are currently being used for
traffic in cell C,, and channels 7, 8, and 9 are currently

. being used for traffic in cell Cy. If another call is to be
established in cell C;,, the next channel in the list is 15.

30 However, since the system knows that channel 15 is already in
use in cell C;,, channel 18 will be allocated to the new call
instead of channel 15 to reduce the likelihood of co-channel
interference. This knowledge of co~channel usage can be used



causes it to ajtenpt to allocate a pending communication Tirst™to channel
1, then to chgf ] AT gagmsmio channel 3. Cell 2's priority list 606
causes it to g a 5 pendi ng conmuni cation first to channel
2, then to ch 0 channel- 1. Simptarty—CeH-3~s priority
list 608 causds ] « all ocate a penélng comuni cation first to
channel 3, thgnj | 1, jjakd then to channel 2. The direct+en-of the
arrow 602 i ndij if a cgll is unabl® 10 to allocate a pending
conmmuni cat i on “t-e—t-he~hi. ority channel, it proceeds to the right in
the list to find the next avail abl e one.

in any of the above-described embodiments whenever such
knowledge is available.

The description has, so far, taken the case where each carrier

frequehcy has a single channel assigned to it. Such a systen

5 1is referred to as a Frequency Division Multiple Access (FDMX)

system. Another feature of the present invention is that the

improvement described above is still present if one carrier

frequency is assigned to carry more than one conversation,

such as in a Time Division Multiple Access (TDMA) systenm,

10 which defines each communication channel as one or more time
slots on a particular carrier frequency.

For example, if each carrier frequency is divided into three
time slots, then only one carrier is used for every three
conversations in each cell. This situation is illustrated in
15 Figure 5. The three time slots 506 defined by the TDMA system
are sequentially repeated over time, .as shown. Figure 5
depicts the situation in which cell 1's carrier frequency 502
is the same as, and fully synchronized with, cell 2's carrier
frequency 5$04. The result is interference on all three
20 channels. o

As described below with respect to Figure 6, it can be seen
that by using the same method described above with respect to
FDMA systems, the co-channel interference which arises in the
conventional TDMA system described in Figure 5 can be similar-

25 1ly avoided. This is because the method increases the like-
lihocd that each cell's group of three channels 506 is
assigned to a different carrier frequency.

In this exemplary embodiment of the invention, priorities are
assigned to TDMA time slots on a given frequency (i.e.,
30 channels) in a manner that reduces the likelihood of co-chan-
nel interference. As shown in Figure 6, priorities have been
assigned to channels in a TDMA system having three time slots



The vertical line 610 shows that if only one conversati Stk pl ace
on the sanme frequency in each cell, the cells' 15 R%A@M@Tcmg

selection elimnates co-channel inter- ference. S metinmes in T slyst ens,
I naccuracy in the tine reference can cause the T stg 29T #96t 0f S| oWl y
sl-rde relative to one another. In other words, there is atime diffgerence
between 20 when a first cell recognizes a given {il eh a
second cell recognizes that sane tinme slot.”This ed to as

pseudo-synchroni zation, is depicted in Figure 7, T™h a TDVA
system are both using the sane '
per frame on a given frequency. Cell 1's priority list 604

causes it to attempt to allocate a pending communication first
to channel 1, then to channel 2, and then to channel 3. Cell
2's priority list 606 causes it to attempt to allocate a
5 pending communication first to channel 2, then to channel 3,
and then to channel 1. Similarly, Cell 3's priority list 608
causes it to attempt to allocate a pending communication first
to channel 3, then to channel 1, and then to channel 2. The
direction of the arrow 602 indicates that if a cell is unable
10 to allocate a pending communication to the highest priority
channel, it proceeds to the right in the list to find the next .
available one.

The vertical line 610 shows that if only one conversation is
taking place on the same frequency in each cell, the cells'

15 differing channel selection eliminates co-channel inter-
ference. | '

Sometimes in TDMA systems, inaccuracy in the time reference
can cause the TDMA structures to slowly slide relative to one
another. In other words, there is a time difference between

20 when a first cell recognizes a given time slot, and when a
second cell recognizes that same time slot. This situation,
referred to as pseudo-synchronization, is depicted in Fiqure
7, where two cells in a TDMA system are both using the same
frequency. There, it can be seen that the second cell's

25 carrier frequency 704 is shifting to the right with respect to
the first cell's same carrier frequency 702, éaﬁsing its group
of three channels 708 to similarly shift with respect to the
first three channel group 706.

To compensaté for this, in accordance with another exemplary
30 embodiment of the invention, a modified method may be applied
to the pseudo-synchronized TDMA situation in order to reduce
the likelihood of co~channel interference. The priority of
channel selection within a given cell is still made as shown



frequency. There,
fregquency 704 is shifting to the right wth respedipphpt
sanme carrier frequency 702, causing its group of t]feéaik
sinmilarly shift with respect to the first three c a'nel
conrpensate for this, in accordance with another e

the i nventi on,

i nterference.
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in Figure 6 and described above with respect to fully synchro-
nized TDMA. However, instead of allocating the first channel
that is available and suitable, starting from the left side of
the list, this exemplary allcdcation method also compensates
for the time difference 710.

Referring to Figure 8, this exemplary method begins at block
801, where a channel is selected that is an integral number of
time slots to the right (the rounded off time difference) of
the highest ranked channel available in the list. If the
result of this addition is a channel number that is within the
set of channels assigned to this cell, then the channel is
allocated to the pending call and the process ends at block
807.

Otherwise , when the addition of ‘the time difference to the
highest ranked channel would result in a channel assignment
outside the set of channels assigned to this cell, as deter-
mined in block 803, then the channel is instead allocated by
subtracting the highest channel number from the channel number
determined in block 801. For example, if there are three
channels on this carrier frequency assigned to the cell of
interest, and the result of processing block 801 is that
channel 4 would be assigned, then this would be detected in
block 803, and corrected in block 805 so that channel number

1 (i.e., 4 - 3) would be instead be assigned to the pending

call.

Another exemplary embodiment of the invention is shown in
Figure 9, which beneficially avoids uneven burnout of hardware
(e.g., output amplifiers) within a cell. Such burnout can
result from an unchanging frequency priority assignment,
because carrier frequencies having a high priority are
selected for use much more often than carrier frequencies
having a lower priority. As shown in the figure, each cell

" uniquely prioritized its sequence of available frequencies as



15 in Figure 6 and described above with respect to fully. synchro- nized
TDVA® However, instead of allocating the first channel that is available
and suitable, starting fromthe left side of the list, this exenplary

al  acati on nethod al so conpensates 5 for the tinme difference 710. Referring
to Figure 8, this exenplary nethod begins at block 801, where a channel is
selected that is an integral nunmber of tine slots to the right (the rounded
off tinme difference) of 16 '

before. However, to avoid uneven burnout of hardware, the
priority scheme within each cell can be shifted periodically.
For example, one might shift the sequence of each cell by one
every night, as shown in Figure 9. The selection order 904

5 for cell C, starts out being 1, 2,3, 4, . . . 20, 21.
However, it may be changed overnight, so that the next day the
selection order 904' is 2, 3, 4, . . . 20, 21, 1. The other
selection orders 906, 908, 910, 912, 914, and 916 may similar-
ly be converted to, respectively,‘the selection orders 906°',

10 908', 910', 912', 914', and 916'. This shifting operation may
continue daily, so that the hardware use will be evenly
distributed. |

The invention has been described with reference to particular
embodiments. However, it will be readily apparent to those

15 skilled in the art that it is possible to embody the invention
in specific forms other than those of the 'preferred en-
bodiments described above. This niay be done without departing
from the spirit of the invention. The preferred embodimeni_:s
are merely illustrative and should not be considered restric-

20 tive in any way. The scope of the invention is given by the
appended clains, rather than the preceding description, and
all variations and equivalents which fall within the range of
the claims are intended to be embraced therein.
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t he hi ghest ranked channel available in the list. If the 10 result of this
addition is a channel number that is within the set of channels aSS|gned to

t-hi s cell, then thel channel is al I ocated to thgu

dlfference to
'aSS|gn
n1ned|

t he hi ghest channel nunber from the channal? nu
If there are three

For exanpl e,

10

15

20

25

30

v€~&’r~|"“'&ﬁd"'t he
. he RBRLACBMENT Shgls e
‘ hest ranked channel resutt™TT a ¢hannel
et of channel s assigne tlo Srsabd, 4s gdeter-
ﬁ the channel is instea | | g?a?%ﬁq%%lé sybtjracti ng
' #n bl ock 801.

Noga WRYS DN Sessd

IS I S:

1. A method of selecting a communication channel for com-
munication in a cellular radio commun:.catlon system com-
prising the steps of:

providing a channel group having a plurality of different
channels to each of a plurality of cells; _ _

establishing, for each of said plurality of cells, a
selection sequence which prioritizes said plurality of
different channels; and _ :

selecting, in one of said plurality of cells, a channel
which is currently unused in said one of said piurality of
cells having a highest priority as said communication channel.

2. The method of selecting a communication channel of claim
1, wherein said step of establishing further comprises the

~ step of:

designating, for each selection sequence, a set of high
priority channels arranged in descending priority order which
are different for each of said plurality of cells.

3. The method of selecting a communication channel of clainm
2, wherein said step of establishing further comprises the
step of:

using a same channel pattern for each of said plurality
of cells but starting said selection sequence of each of said
plurality of cells at a different channel in the channel
pattern.

4. The method of selecting a communication channel of clainm
2, wherein said step of establishing further comprises the
step of:

providing a plurality of lower priority channels in each
said selection sequence following said set of high priority
channels, said lower priority channels of each cell comprising

This Sheet Has Been RTlaced
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.20 channels on this carrier frequency assigned tq_the cell of interest,

and.the result of processing block 801 is that chg m'rﬂ N1
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channels found in the sets of high priority channels of the
other of said plurality of cells.

‘5. The method of selecting a communication channel of claim

4, wherein said step of establishing further comprises the
step of:

grouping each of said plurality of lower priority
channels in each said selection sequence accordlng to its
respective priority in a set of high priority channels of
another cell.

6. The method of selecting a communication channel of clainm

1, wherein said step of selecting further comprises the steps

of: , —
' determining whether said highest priority unused channel
is being used in another of said plurality of cells, and

B if said highest priority unused channel is being used in
another of said plurality of cells, then selecting the next
highest priority channel which is not currently being used in
said one of said plurality of cells and which is not currently
being used in another of said plurality of cells.

7. The method of selecting a communication channel of claim
6, wherein said step of selecting further comprisés the step

. of:

if all channels which are currently unused in said one of
said plurality of cells are currently being used in at least
one other of said plurality of cells, then selecting a highest
priority unused channel which is used only once in another of
said plurality of cells. '

8. In a cellular communication system having a plurality of
co—channel cells, each co-channel cell having a same channel

‘group comprising a plurality of different channels, each

channel being usable by the co-channel cell in a com-
munications operation, a method of selecting in a co-channel

Sheet Has Been Reﬂlaccd
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sel ected for use much nore often than carrier frequencies haV|ng a Iomer

priority. As shown in the figure, each cell uniquejy ““.srr.\fge \
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cell, ffom the plurality of different channels, a channel for
use in a pending communications operation, ' conprising the
steps of: o

in each co-channel cell, forming, from the plurality of
different channels, a sequence of channels, such that for each
channel in the sequence, a next channel is the same in all co-
channel cells; _

in each co-channel cell, designating one channel in the
sequence of channels to have a highest priority, the desig-
nated channel being différent in at least two co-channel
cells;

in each co-channel cell, assigning progressively lower
priorities to remaining channels, by starting with a next
channel that follows the designated channel in the séquence of
channels, and continuing to assign lower priorities in
succession to channels in the sequence until each of the
different channels has been assigned a priority; and

in each co-channel cell, selecting a channel for use in
the pending communications operation by choosing, from the

. sequence of channels, an unselected channel having a higher

priority than all other unselected channels in the sequence of
channels.

9. In a cellular communication system having a plurality of
co-channel cells, in which a time difference between co-
channel cells is a known number, and vherein each co-channel
cell has a same channel group comprising a plurality of
different channels, eéach channel being usable by the co-
chaniniel cell in a communications operation, a method of
selecting in each co-channel cell, from the plurality of
different channels, a channel for use in a pending con-

munications operation, comprising the steps of:

in each co-channel cell, forming, from the plui'ality of

" different chanriels, a sequence of channels, such that for each

channel in the sequence, a next channel is the same in all co-
channel cells:
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However, it may-be changed overni ght, so that t he next day the sel ection
or der 904' . 20, 21, 1. The qgtfEr-sel; Yo WeaY:

908, %GMm may sinilar- Iy Wy
Thi s

the sele 10 908', 910’ : T4 and 918 || Thi
shifti ng Bm r\ ntinue dail y, SO "t hat ih eplpppTabEs will be
evenly “Yhe*invention has been dedcrij bed with refd@régnce to

particul ar enbodi ment s. However, it wll

skilled in the art that it is pOSSIb|e to enmbddy the inventio
forms other than those of the preferred em et

in each co-channel cell, designating one channél in the
sequence of channels to have a highest priority, the desig-
nated - channel being different in at least two co-channel
cells; ' '

lin specific

5 in each co-channel cell, assigning progressively lower
priorities to remaining channels, by starting with a next
chax}nel that follows the designated channel in the sequence of
channels, and continuing to assign lower priorities in
succession to channels in the sequence of channels until each

10 of the different channels has been assigned a priority:;

in each co-channel cell, identifying, from the sequence
of channels, a first unselected channel having a higher
priority than all other unselected. channels in the sequence of
channels or a successor channel; .

15 in each co-channel cell, selecting for use in the pending
communications operation an unselected channel having a
priority that is alternatively equal to or less than the
priority of the first unselected channel in response to a
comparison between the time difference and a predetermined

20 amount of time. | '

10. A method for reducing co-channel interference in a
cellular radio communication system having a plurality of co-
" channel cells comprising the step ofs
selecting, in a co-channel cell, from a plurality of
'25 traffic channels shared by said plurality of co-channel cells,
an idle traffic channel which is least in use in the other of
said plurality of co-channel cells.

11. The method for reducing co-channel intefference of clainm
10, wherein said other of said plurality of co-channel cells

30 comprise co-channel cells which are geographically closest to
said_'co-cha'nnel cell.

12. The method for reducing co-channel interference of claim
10, further comprising the step of:
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determining which of the traffic channels shared by said
plurality of co-channel cells is least in use by checking an
idle/used status for each of said other of said plurality of
co-channel cells.

13. A method for selecting a traffic channel in a cellular
radio communication system comprising the steps of:
providing a channel group having a plurality of different
traffic channels to each of a plurality of co~-channel cells:;
establishing, for each of said co-channel cells within
a group of co-channel cells, a selection sequence of high

priority channels which prioritizes selection of a number of

said traffic channels such that high priority channels for one
co-channel cell differ from high priority channels assigned
to selection sequences for said one co-channel cell's nearest
co-channel cells; and _
selecting, in one of said plurality of co-channel cells,
a traffic channel which is currently unused and has a highest
priority for selection in said one of said plurality of co-
channel cells. | '

14. The method for selecting a traffic channel of claim 13,
further comprising the step of: '

establishing, for each of said co-channel cells within
a group of co-channel cells, a selection sequence of lower
priority channels which prioritizes selection of a number of
traffic channel such that the lower priority traffic channels
of said one co-channel cell are used as high priority traffic
channels in said one co-channel cell’s nearest co-channel
cells.
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WHAT IS CLAIMED | S: 1. A net hod of selecting a desired communication
channel for communication in a cellular radio communication system

conprising the steps of: 5 provi ding a fixed channel group having a
plurality of different channels, which is a subsqpzaf" i.,_'._t,_':__"_"__;‘ Wr of
channel s avail able in said radi o communication sysf ﬁE ' cﬂ@fjﬂ‘
plurality of non-adjacent cells, said plurality ¢ eflsis a-
subset of a total nunber of 10 cells i22 said r system

est abl i shing, for each.of said plurality of non-

Abstract

CHANNEL SELECTION IN A CELLULAR COMMUNICATION SYSTEM

A method in a’ cellular communication system pfovides
selection of a channel for use in a pending communications
operation, the selection reducing the likelihood of co-channel
interference. In each co-channel cell, £frequencies from the
cell’s frequency group are ordered in a sequence. A different
frequency in each cell is designated as having a highest
priority. Successively lower priorities are then assigned, in
each cell, to remaining frequencies in sequence. Then, in each
cell, selection is made by identifying the available frequency
having the highest priority. The method may be modified to
provide for even distribution of hardware use by changing the
priorities in each cell periodically. The method may also be
modified for use in a fully synchronized time division multiple
access (TDMA) system by performing the above steps with respect
to channels instead of frequencies. The method may further be
modified for use in a pseudo—sYnchronized TDMA system (i.e. one
in which the TDMA time slots of one cell are slowly shifting with
respect to the time slots of another cell) by selecting, instead
of the highest priority channel, one having a lower priority
based on a time difference between corresponding time slots in’

. two co-channel cells.

Figure 4b
_—/
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adj acent cells, a fixed selection sequence which prioritizes said
plurality of different channels; designating, in each fixed selection
sequence, a set 15 of high priority channels arranged in descendi ng
priority order which are different for each of said plurality of
non- adj acent cells; providing a plurality of lower priority channels in
each said sel ection sequence follow ng $#i@ set of high 20 priority
channel s, said lower priority channels of each cell conprising channels
found in.the sets of high priority channels of the other of said plurality
of non-adj acent

s S SRR




cells; ranking a group of said plurality of lower priority 25 channel s in
each "said sel ection sequence according to ascending priority of said group
in a sane set of high priority channels of another non-adjacent cell; and
selecting, in one of said plurality of non-adjacent cells, a communication
channel which is currently unused in 30 said one of said plurality of
non-adj acent cells having a highest priority as said desired conmunication
channel . 2. The met hod of selectiEg/g conmuni cati on channel of claim1,
wherein said step of selecting further

Fig. 2
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conprises the steps of: 35 determ ni ng whether said highest priority
unused 18 channel is being used in another of saldeLuLallty of ceIIs
and if said highest priority unused channel is being|Q AT

said plurality of cells, then selecting the 5 next hif
which is not currently being
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bei.ng used in another of said plurality of cells. 3. T
SR °
currently unused in said one of said plurality of cells

_ ' _ I
used in said one of said plurality of cells and which is NEWSHEET
sel ecting a conmuni cati on channel 10 of claim2, wher

sel ecting further conprises the step of: if all channel

used in at |east one other of said g pgality of cells, t en sel ecting ‘15
a highest priority unused channel which is used only once
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4. The nethod of selecting a conmunication channel of claim11, wherein
sai.d step of selecting further conprises the step of: WESY A1 0
know edge in an MSC of comuni cati on channel usage in ﬁ&A&EWQQHZSuﬁbl

plurality channel. 5. The net hod of selecting a co hi cat 1 on channgl { of
claim1l wherein said step of grouping further conprisgsjtigp29cipiel: RS
grouping each of said lower priority channels agcording to ascepd| ng

priority of Qach of the sets of high gn}grity channel f—eacth—of—tte o} her
non- adj acent -cel | s. I
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6. In a cellular comunication systemhaving a plurality of non-adjacent
cel.l5, each non-adjacent cell 30 havi ng a sane channel group conprising a
plurality of different channels, each channel bei Ln.each cell in

a conmuni cati ons operation, a nmethod of selecting i e
plurality of different channels, a channel 19 f ng
comuni cations operation, conprising
6/8 i .
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the steps of: in each non- adjacent cell, formng, fromthe plurality of
di fferent channels, a fixed, predetern1ned sequence of 5 channels; in
each non- adj acent ceII, designating a first subset in the sequence of

channel s to have a highest priority, the designated fipst—stbset-—beirg
different in at | east two of said non-adjacent cells; REPLACENE%H%&EE
non- adj acent cell, assigning progressively |ower priorfitffés 10 1emal nijng

channel s, by assigning priority to a group of channel § ifn ggpg@@1ggborde
relative - 7/8 - _

WA emwnn s

( smrT )
1

; . _(HIGHEST RANKED CHAN NO.
NEW_CHANNO . =, aounD (TIME DIFFERENCE))

1801

NEW _CHAN NO > H|GHEST CHAN.NO 2 803

NEW _CHAN_NO . = NEW_CHAN NO-HIGHEST CHAN_NO 805

(' END }807'
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to their respective priority uéage in a sane first subset of another of
sel ecti ng a channel

sai d non--adj acent cells; and 15

in said cell,

for use in said pending comruni cati ons operati Oft:; (IC m t he
seguence of channels, an unsel ected channel hav?-ﬁs"ﬁ‘gﬁq%gﬂﬁﬁflty t han
al | other unselected channels in the sequence of ghannels. 3 7.
The nmethod of claim6, wherein said unsel ected £hg mgzcmﬁ-gm§elected in
both said cell and all of said other non-adjace1t cells. 8. a TDVA
cel lul ar communi cati on system having a - ‘ )
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1. A method of selecting a desired communication
channel for communication in a cellular radio communication
system comprising the steps of:

5 providing a fixed channel group having a plurality of
different channels, which is a subset of a total number of
channels available in said radio communication system, to
each of a plurality of non-adjacent cells, said plurality
of non-adjacent cells is a subset of a total number of

10 celles in gaid radio communication system;

establishing, for each of said plurality of non-
adjacent cells, a fixed selection sequence which
prioritizes said plurality of different channels;

designating, in each fixed selection sequence, a set

15 of high priority channels arranged in descending priority
order which are different for each of said plurality of
non-adjacent cells;

providing a plurality of lower priority channels in
each said selection sequence following said set of high

20 priority channels, said lower priority channels of each
cell comprising channels found in the sets of high priority
channels of the other of said plurality of non-adjacent
cells;

ranking a group of said plurality of lower priority

25 channels in each said selection sequence according to
ascending priority of said group in a same set of high
priority channels of another non-adjacent cell; and

selecting, in one of said plurality of non-adjacent
cells, a comomunication channel which is currently unused in

30 said one of said plurality of non-adjacent cells having a

highest priority as said desired communication channel.

2. The method of selecting a communication channel
of claim 1, wherein said step of selecting further
comprises the steps of:

35 determining whether said highest priority unused

ey
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channel is being used in another of said plurality of

cells, and
if said highest priority unused channel is being used
in another of said plurality of cells, then selecting the
5 next highest priority channel which is not currently being
used in said one of said plurality of cells and which is
not currently being used in another of said plurality of
cells.

3. The method of selecting a communication channel
10 of claim 2, wherein said step of selecting further
comprises the step of:
if all channels which are currently unused in said one
of said plurality of cells are currently being used in at
least one other of said plurality of cells, then selecting
15 a highest priority unused channel which is used only once
in another of said plurality of cells.

4, The method of selecting a communication channel
of claim 1, wherein said step of selecting further
comprises the step of: ' .

20 using knowledge in an MSC of communication channel
usage in another of said plurality channel.

5. The method of selecting a communication channel
of claim 1 wherein said step of grouping further comprises
the step of: |

25 grouping each of said 1lower priority channels
according to ascending priority of each of the sets of high
priority channels of each of the other non-adjacent cells.

6. In a cellular communication system having a
plurality of non-adjacent cells, each non-adjacent cell

30 having a same channel group comprising a plurality of
different channels, each channel being usable in each cell

in a communications operation, a method of sgelecting in a
cell, from the plurality of different channels, a channel
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the steps of:

in each non-adjacent cell, forming, f£rom the plurality
of different channels, a fixed, predetermined sequence of

5 channels;

in each non-adjacent cell, designating a first subset
in the sequence of channels to have a highest priority, the
designated first subset being different in at least two of
said non-adjacent cells;

10 in each non-adjacent cell, assigning progressively
lower priorities to remaining channels, by assigning
priority to a group of channels in ascending order relative
to their respective priority usage in a same first subset
of another of said non-adjacent cells; and

15 in said cell, selecting a channel for use in said
pending communications operation by choosing, £from the
sequence of channels, an unselected channel having a higher
priority than all other unselected channels in the sequence
of channels.

20 7. The method of claim 6, wherein said unselected
channel is unselected in both said cell and all of said
other non-adjacent cells.

8. In a TDMA cellular communication system having a

plurality of cells, in which a time difference exists

25 between time slot recognition in said cells, and wherein

each cell has a same channel group comprising a plurality

of different channels, each channel being usable by each

cell in a communications operation, a method of selecting

in a cell, from the plurality of different channels, a

30 channel for use in a pending communications operation,
comprising the steps of:

in each cell, forming, from the plurality of different

channels, a sequence of channels, such that for each

channel in the sequence, a next channel is the same in all
35 cells;
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in each cell, designating one channel in the sequence
of channels to have a highest priority, the designated
channel being different in at least two of said cells;

in each cell, assigning progressively lower priorities
to remaining channels, by starting with a next channel that
follows the designated channel in the sequence of channels,
and continuing to assign lower priorities in succession to
channels in the sequence of channels until each of the
different channels has been assigned a priority;

in each cell, identifying, from the sequence of
channels, a first unselected channel having a higher
priority than all other unselected channels in the sequence
of channels as a successor channel;

in one of said cells, selecting for use in the pending
communications operation another unselected channel based
upon said time difference.
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Abstra-ct

CHANNEL SELECTION IN A CELLULAR COMMUNICATION SYSTEM

A method in a cellular communication system provides
‘selection of a channel for use in a pending communications
operation, the selection reducing the likelihood of co-channel
interference. In each co-channel cell, frequencies from the
cell’s frequency group are ordered in a sequence. A different
frequency in each cell is designated as having a highest-
priority. Successively lower priorities are then assigned, in
each cell, to remaining frequencies in sequence. Then, in each
cell, selection is made by identifying the available frequency
having the highest priority. The method may be modified to
provide for even distribution of hardware use by changing the
priorities in each cell periodically. The method may also be
modified for use in a fully synchronized time division multiple
access (TDMA) system by performing the above steps with respect
to channels instead of frequencies. The method may further be
modified for use in a pseudo-synchronized TDMA system (i.e. one
in which the TDMA time slots of one cell are slowly shifting with
respect to the time slots of another cell) by selecting, instead
of the highest priority channel, one having a lower priority

based on a time difference between corresponding time slots in
two co-channel cells.
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