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a method, 10 and associatedq . CLfCcuLtry, or_se ey permitting
additional wusers to cormuritié{’ ractby R‘R&‘ip -of - ©OtR3ged ..o conmmuni cati on
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deni ed access to comuni cate by way of the communi cati on system
The quality of communication is thereby controlled as the
TECHNICAL FIELD OF THE INVENTION
5 The present invention relates generally to a multi-
user communication system, such as a cellular

communication system, which permits a plurality of users
to concurrently communicate therethrough. More
particularly, the present invention relates to a method,
10 and associated circuitry, for selectively permitting
additional wusers to communicate by way of the
communication system. |
The additiohal user is permitted access to the
communication system only when the levels of communication
15 quality of ongoing communications are better than a
selected threshold. If the communication quality levels -
are not met, the additional user is denie_d access to
communicate by way of the communication system. The
quality of communication is thereby controlled as the
20 additional user is permitted access to the communication
system only when the communication quality 1levels of
ongoing communications are adequate to permit the
additional communication. Also, by dénying the additional
user access to the communication system when the
25 communication quality levels are not met, degradation of
communication quality levels of other ongoing calls which
might otherwise result if the additional user were

permitted access to the communication system is avoided.
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A communi cati on g%sten1Ys conprised, at a m ni num

r and a receiver interconn

ted by a comuni cati on

ééglg&! .0N-=.C, W 5 conmuni cation signals
etr téF %qmﬂvansm tted upon the comuni cation

channel to be recei ved communibitidit syinyds cORprisé®) Vad 4 amitiedum,t he

of a tranamitter and a receiver interconnected by a
communication channel. Information-containing,
communication signals generated by the transmitter are
transmitted upon the communication channel to be received
by the receiver. The receiver recovers the informational
content of the communication signal.

A wireless, or radio, communication systemﬂis a type
of communication system in which the_communication channel

is a radio frequency channel defined wupon the

electromagnetic frequency spectrum, A cellular

communication system is exemplary of a wireless
communication system. A cellular communication system is

further a multi-user communication system which permits

concurrent communication by a plurality of different

users.

Techndlogical advancements have both lowered the
costs and increased the availability and convenience of
utilizing 2 cellular communication system. As a result,
increased numbers of users are able to communicate
affordably by way of a cellular communication system.
Such increased usage has resulted, at times, in capacity
problems as, at times, too many users concurrently attempt
to communicate by way of the cellular communication
system. Attempts have been made to increase the
capacities of existing cellular communication systems.
By increasing the capacity of a cellular communication
system, increased numbers of users are able to communicate
concurrently therethrough. Other types of multi-user

communication systems have similarly been used by greater



centent of the comrunication signal. A wirel ess, or radio,

comuni cation systemis a type 10 of communi cation systemin which the
connunlcatlon channel is .a radio frequency channel defined upon
t he el ectromagnetic frequency spectrum A cellular

comuni cation systemis exenplary of a wirel ess comuni cation s sten1
A cel | ul ar conW@#8866son systemis 15  further a multi-userPCEOMAMPRAti on
system whi ch permts concurrent comunication by a plurality of

di fferent users. Technol ogi cal advancenents have both

| owered the costs and increased the availability and conveni ence of
20 utilizing a cellular communication gystem As a result,

i ncreased nunbers of users are able to comuni cate af f ordably by way
of a cellular Com@téprhﬁi%t €Mand, simSlgh ddiﬁfcﬂ&?eﬂrdbm hagist
resulted, at tinmes, in capacity probl ens as, at tines, too nmany users
concurrent |y att&ppgucis Othetromlééﬁh‘[}%ﬁ%@@sﬁ?mﬁ/ay of the cellular

conmuni cation SE??% ?1&3&6”93¥§nt3?¥eofb%ﬁﬂluﬂﬁﬂecoﬁﬁnniégﬁﬁﬁﬁe the
capacities of existing cellular conmunicafion systens By increasing

the capacity of syseéhms| ds ctemhvedcdfidcon the absye¢5n$°|néﬁea§eﬂ ﬁﬁﬁbers of
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types of muTti-u on sys ave sim een used by
greater Because the channels can be re- used the same frequency

channel can be used concurrently at several locations
throughout the geographical area encompassed by the
cellular communication system to permit several different

10 concurrent telephonic communications between several -
different users. The different locations throughout the
gecgraphical area at which the frequency channels are re-
used, however, must be carefully determined. If the
frequency channels are re-used at locations which are too

15 close to one another, interference between the
concurrently-transmitted signals on the same frequency
channels might result.

To minimize  the occurrence of co-channel
interference, various schemes have been implemented to

20 allocate the frequency <channels throughout the
geographical area encompassed by the cellular
communication system. Adjacent cells of a cellular
communication system sometimes do not permit the same
frequency channels to be utilized.

25 In one scheme, a “4/12" frequency re-use plan is
‘utilized. In such a plan, the available frequency
channels are divided into twelve groups, and each group
is used in only one cell of a group of twelve cells.

To increase the <capacity of the cellular

30 communication system, a “1/3" frequency plan can instead

be utilized. Utilization of such a plan can significantly
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- 3- X nunbers of users. And, simlar capacity problens exist I n
such other nulti-user systens. A significant advantage of
cel | ul ar comuni cation systens is derived fromthe ability to
"re-use" the 5 frequency channels allocated to cellular conmunications.
Because the chW@d28666an be re-used, the sanme frequency PCTISE 04128 an
be used concurrently at several | ocat i ons t hroughout the geographi cal
area enconpassed by the cellul ar comuni cation systemto permt
several different 10 concurrent telephonic comrunications between
sever al different users. The differepnt |ocations throughout the
geographi cal area at which the frequency channels are re- used,

however, must beig@idddd | ¥ndCladidied: of | knkMCeeliulas’ " QRIS Q{}l'ﬁ”e's

are re- used at Iocatlons |ch one ano
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same frequency are dich t he
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i npl enented to 26hly omel @elleof éfytouﬁ:beﬁEfEa/ceﬂLannels t hr oughout
t he ggographlcal ar ea enconpassed t he cel | ul ar
[

comuni catidn syst emHOYERRF o M °Ee?‘l‘"sh &fpﬁa‘&éﬁcﬁF%?es the pegHiRIFitHt i on
system somet i mestkl} RRkmiALFAt1duad By levels might be degraded as a

result of interference between concurrently-transmitted
signals. To prevent unacceptable degradation of
communication quality levels resulting from utilization
-10 of an increased-capacity frequency plan, such as the 1/3
frequency plan, such systems can utilize a “hard-blocking”
technique. In a hard-blocking technique, radio base
station is constructed to include a limited number of
transceiving elements. The number of transceiving
15 elements is selected to ensure that interference problems
can be minimized. 1In such a hard-blocking technique, a
maximum number of different communications with a
plurality of subscriber units is defined at a particular
cell-site by the number of transceivers located at the
20 radio base station which defines the cell in which the
subscriber units are positioned. Once such maximum level
is reached, additional calls cannot be placed at the cell-
site. Viz., the additional calls are blocked. Such a
solution, however, can introduce an unnecessarily high
25 amount of call-blocking in some conditions.

A more efficient manner by which to determine whether
to admit or to block an additional call would therefore
facilitate more efficient usage of the limited spectrum
available for cellular communications.

30 It is in light of this background information related

to multi-user communication systems, such as a cellular



f requency channels to be utilized. 25 In one schene, a "4/12"
frequency re-use plan is utilized. In such a plan, the available
frequency channel s are divided into twelve groups, and each group

i$§ used in only one cell of a group of twelve cells. : To

I ncrease t he capacity of the cellular 30 communi cation system a
"1/ 3" frequencywﬁlwgﬁ‘é“an i nst ead be utilized. Uilizati FFTOR YRR o
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capacity of the cellular conmmunication system In such a plan, the
avai |l abl e frequency channel s are divisded into three groups, and each
group is used in only one cell of a group of three cells. 5

However, use of sgsmmmikhtlohnsysears tHit phesisiphifjcant impimtements
communi cation quality levels mght be degraded as result of

i nterference betv@%rf"t?oﬁ&'&?ﬁ%ﬁt}%ﬂ%%%‘n?‘??%oev°.Ve *si gnal s. To prevent

unacceptabl e degradation of

SUMMARY OF THE INVENTION

5 The present invention advantageously provides a
method, and associated circuitry, for facilitating
efficient utilization of a multi-user communication
system, such as a cellular communication system.

Additional users are not automatically precluded from

10 communicating by way of the communication system once a
certain number of other users are communicating by way of
the communication system. Instead, when an additional
user attempts to communicate by way of the multi-user
communication system, a determination is made regarding

15 the levels of communication - quality of . ongoing
communications utilizing the communication system.

The additional wuser is permitted access ¢to
communicate by way of a communication syétem only if the
communication quality is better than a threshold level.

20 If the communication quality levels are less than the
threshold level, the additional user is denied access to
communicate by way of the communication system.
Additional communication quality degradation of ongoing
communications which might othexrwise occur if the

25 additional user were permitted to communicate by way of
the communication system is alsc prevented.

In one aspect of the present invention, a multi-user
communication system is formed of a cellular communication
system. A user placing a phone call by way of the

30 cellular communicatioh network is permitted only if the

levels of communication quality of ongoing calls is better



cemuni cation quality levels resulting fromutilization 10 of an

I ncreased-capacity frequency plan, such as the 1/3 frequency pl an,
such systems can utilize a "hard-bl ocking" t echni que. In a

har d- bl ocki ng techni que, radio base station is constructed to
include a limted nunber of transceiving elenents. The nunber

of transcei viWQ9M®B666 clenents is selected to ensure that | PCESESTOI29
probl ens can be mnimzed. In such a hard-bl ocking technique, a

maxi mrum nunber of different comunications with a plurality of
subscriber units is defined at a particul ar cell-site by the nunber
of transceivers |ocated at the 20 radi @_base station which defines the
cell in which the subscri ber units are positioned. Once such nmaxi num
| evel 's el safllbdddNeheddldrn CAAL. D 1Rl 2RO doddifieRE | -
site. Viz., the additiona | s are bl ocked. Such a sol uti on,
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such as a cell ulc¥wmunication quality levels must be better than a second
threshold level when a hand-off of an ongoing call is
being requested, and the communication quality levels must
be better than a third threshold level when the call is
10 a priority call placed, e.g., to an emergency dispatch
center. '

In one embodiment, the communication gquality levels
are determined by determining a cumulative density
function representative of carrier-to-interference levels

15 of signals transmitted during operation of the
communication system. In another embodiment. the
communication quality levels are determined by determining
utilization 1levels of ongoing communications within.
selected portions of a gecgraphical area encompassed by

20 the cellular communication system. In yet another
embodiment, a combination of utilization 1levels and
carrier-to-interference levels are determined to determine
the levels of communication gquality. Detected erxror
rates, and other measurements of communication gquality,

25 can also be used to determine levels of communication
quality.

Because the levels of communication quality are used
to determine whether additional users are permitted to
utilize the communication system rather than merely

30 limiting use to a previously-selected, and hence

arbitrary, number of users, a premature rejection of



WO 97/ 28666 PCT/ SE97/ 00129

-5- i communi cation system that the significant inprovenents of
t he present invention have evol ved. SUMVARY COF THE I NVENTION 5
The present invention advantageously provides a met hod, and
associated circuitry, for facilitating efficient utilization of a

mul ti-user conm¥@® n system such as a cellular co (Gat
system Addi ti onal users are not automatically precluded from
10 comuni cating by way of the communication system once a certain
nunber of other users are conmuni cating by way of t he conmuni cati on
system |Instead, when an additional Juser attenpts to communi cate by
way of the nulti-user comuni cation system a determnation is nmade

regardi ng 15 t4t& emp Q‘éei:% additi6AaT UG toNcotmaidate bf waa_,ngm BHe
communi cations utili zi ng the communi cati on Syst em

addi ti onal user CQEEUNIEAKLPR e FYSEEResdoes onot °°%‘b‘Fn"run|'E%?ree% W&?eof a
conmmuni cati on Sysé&%ﬁ%éﬁﬁént tem can%@%é’@f‘f‘i@i%é‘i# ttM:i'l%.zQEt hgr than

a threshold | evel conmmuni cation quality levels are less than
t he t hr esh@wkaterehymivdns axfdusevaakre parnigtedntedcemmudcate at

conmmuni cat e g)y Waglcceptaggecomgulycigvgfs§yst em

In these and other aspects, therefore, circuitry, and
an associated method, selectively permits at least one
additional remotely-positioned communication station to
communicate with a network communication station. The

10 network communication station is operable to communicate
concurrently with a first plurality of remotely-positioned
communication stations. Levels of communication quality
of communications between the network communication
station and the remotely-positioned communication stations

15 of the first plurality of communication stations arxe
determined.. - The additional remotely-positioned
communication station i§ admitted to communicate with the
network communication device responsive to times in which
the levels of communication quality are better than a

20 threshold level.
A more complete appreciation of the present invention

and the scope thereof can be obtained from the
accompanying drawings which are briefly summarized below,
the following description of the presently-preferred

25 embodiments of the invention, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a partial functional block, partial
schematic diagram of an exewmplary communication system in

30 which an embodiment of the present invention is operative.
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system and the allocation of groups of frequency channels
amongst the cells.

Figure 3 is a graphical representation, similar to
that shown in Figure 2, but which illustrates another
arrangement of cells defined throughout a geographical
area and the allocation of groups of freguency channels
amongst the cells.

Figure 4 is a diagram which illustrates a portion of
a cellular communication system which utilizes an
embodiment of the present invention.

Figure 5 is a flow diagram which illustrates

operation of an embodiment of the present invention.

DETAILED DESCRIPTION

Referring - first to Figure 1, a multi-user
communication system, shown generally at 10, is
illustrated. Concurrent communication between a network
communication station 12 and a plurality of remotely-
positioned communication stations 14 is permitted.

The communication system 10 illustrated in the figure
is a wiieless communication system in which modulated
signals generated at the network communication station 12
are transmitted upon selected channels, such as selected
frequency channels or selected time slots of a multiple
access transmission scheme. Similarly, signals generated
By the communication stations 14 are modulated and
transmitted to the network communication station 12.

By appropriate construction of the circuitries of the

communication stations 12 and 14 and by appropriate



t hreshol d | evel when a hand-off of an ongoing call is bei ng

requested, and the communication quality l.evels nust be better than a
third threshold | evel when the call is 10 a priority call placed, e.g.,
to an emergency dispatch center. I n one enbodi nent, the
comuni cation quality |levels are determ ned by determ nin

|
cunul ative dendYQ9%7%/28666  {ynction representative of carri er-th?'ﬁF’m“PE"ence
| evel s 15 of signals transmtted during operation of the
communi cati on system In another enbodinment, the comuni cati on
quality levels are determ ned by determ ning utilization | evels of
ongoi ng communi cations within sel ect.ed portions of a geographi cal
area enconpassed by 20 the cellular communication system In yet
anot her enedeteidn of €heltHidineds u;sommhhenaﬁheo-igaam gemettated
carrier-to-interference levels are determned to grm ne, %Qﬁ' evel s

of communi cat i on Rfuaftey. compuaieatiPn,  frations a:;edt LanshE tedre,

measurements of CRIFTWR eaﬁ\ineﬂlé&adﬂ between thReNcahmhiRatisadstatdeser ni ne
| evel s of comunication quality. Because the | evel s of

comuni cati on quédi?d epdaté isdwssible.to det ernine whet her additional users
are permtt to ti h gﬁm 284 0B S¥SEEMbat e Jdagn Lerely
30 lim tﬁg use hg e{letf)'?gi\?l Scus ]Egct ed, € (f hence b
arbitrary, nurrberpm&-amsey Kf arpnsnammg realjes@m:enlﬁfwherem individual

ones of such elements transmit signals to, and receive

signals from, individual ones of the communication
stations 14.

10 As mentioned above, increased usage of various types
of communication systems has resulted, at times, in
capacity problems. When too many users concurrently
utilize a multi-user communication system, interference
between concurrently-transmitted signals c¢an cause

15 interference problems which  degrade levels of
communication quality. -

In the conventional art, one way of reducing the
possibility of an unacceptable degradation of
communication gquality is to limit the number of

20 transceiving elements 16 forming a portion of the network
communication station 12. By limiting such number of
transceiving elements, the capacity of the communication
system is correspondingly limited. That is to say, the
number of communications permitted in such a system is

25 limited by the number of installed transceiving elements.
Such a manner by which to limit the communication capacity
of the communication system is sometimes referred to as
*hard-blocking.” |

While a hard-blocking scheme reduces the possibility

30 that too many concurrent users of the communication system

might unacceptably degrade levels of communication
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-7- . attenpts by additional users to conmmuni cate by way of the
copmuni cati on system does not occur. Thereby, the comuni cati on
system can be nore efficiently utilized as greater nunbers of users
are permtted to communicate at 5 acceptable quality |evels.

In these and ovoer2ssegects, therefore, circuitry, and PCTTSESTO0LZ ed
nmet hod, selectively permts at |east one addi ti onal

renmot el y-positi oned communi cation station to comunicate with a

net wor k conmmuni cati on station. The 10 net wor k conmuni cation station is
operabl e to communi cate concurrentlilovm' th a first plurality of

renot el y- posi ti oned communi cation Stations. Levels of conmmunication

qual ity of rﬂ‘gni at L QRS et OJWRYY | 0
station and the queca?r'ot I'y-gpéé?‘?is%fn%%?]nﬁﬁggggt %Qgﬁgé'{l%t I ONns "(1&%%' %fls?he
first plurality preventsithec abhkimizationoof Gapacity of ddeccommarication The

irst plu fevenmm e aeictm city cwmetlcation The
Communi cat e i ERER-" TraR@idaion, SHRERFArPRR: LIS €0 S8AnePVERPD 1 mos

i n which tpoikeyfing Bf CHENUBnAR it iPiisthyiohe & effecBaphe 20

threshol d | evel. . A nore conpl ete appreciation of the present

i nvention 3 CARRICLRE SsRBphicEr ebhe c FPIMFGRSIARI FYRIAM h&an be
operated.

In a hard-blocking scheme, the number of transceiving
elements is typically selected during system installation.
To prevent the occurrence of  unacceptably low

10 communication gquality levels during operation of the
communication system, the number of transceiving elements
is sometimes selected to be lower than that which would.
regularly be possible in order to most efficiently utilize-
the frequency spectrum allocated to the system. A

15 communication system utilizing a hard-blocking scheme, -
therefore, is typically unable to maximize the capacity"
levels of communications by way of the communication
system which are dependent, in significant part, upon,

| e.g., transmission channel conditions.

20 With reference again to Figure 1, for instance, if
the communication system 10 wére to be constructed
utilizing a hard-blocking scheme, once a maximum number
of remotely-positioned communication stations 14
concurrently communicate with all of the transceiving

25 elements of the network communication station 12,
admission of an additional, remotely-positioned
communication station, here' communication station 18,
would be denied admission to the system. Such denial of
admission to communicate in the system would be

30 irrespective of the levels of communication quality of the

ongoing communications in the communication system.



aeconpanyi ng drawi ngs which are briefly summarized bel ow, t he

follow ng description of the presently-preferred 25 enbodi nents of the

i nvention, and the appended cl ai ns. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is a partial functional block, partial

schemati c di agram of an exenplary conmunication systemin 30 whi ch an
enbodi nent of W@PIBsGEent i nvention i s operati ve. PGRPRINNIY 66
PCT/ SE97/ 00129 . - 8- Fi gure .2
is a geonetric representation of an arrangenment of cells defined in a
cel lul ar conmuni cati on system and the allocation of groups of
frequency channel s amongst the cellg§3. 5 Figure 3 is a

graphi cal representation, simlar to that shown in Figure 2, but
which illustrates anopfier embodiment of the communication system 10

illustrated in Figure 1 avoids an unnecessary limitation
in the capacity of the communication system when the
levels of communicaﬁion quality of ongoing communications

) permit admission of the additional communication station
18 to communicate in the communication system.

In the cqmmunicatioh system 10 shown in Figure 1, the
network communication station 12 includes additional
numbers of transceiving elements 16 to permit additional

10 numbers of concurrent communications to occur. The
communication station 12 includes a control device. 22
forming a portion of, or as illustrated, coupled to, the
network communication station 12. The éontrol device 22
includes'a communication quality determiner 24 which is

15 coupled, here by way of lines 26, to receive measurement
data related- to, or other -indications of, ongoing
communications between the transceiving element 16 of the
communication station. 12 and the remotely-positioned
communication station 14. Responsive to receipt of such

20 information, the communication quality determiner 24
determines levels of communication quality of ongoing
communications between the communication stations 12 and
14.

The control device 22 further includes an additional

25 call admitter 28 which is coupled to the communication
quality determiner 24 by way of the lines 32. Determined
levels of communication quality determined by the
determiner 24 are provided to the additional call admitter
28. The admitter 28 generates signals on the lines 34

30 which is coupled to the communication station 12.



arrangenment of cells defined throughout a geographical area and the

al I ocation of groups of frequency channels anongst the cells. 10
Figure 4 is a diagramwhich illustrates a portion of : a cellular
conmmuni cati on systemwhich utilizes an enbodi nent of the present

I nventi on. _Figure 5is a flow diagramwhich illustrates
operation of ¥O@Ma866 nent of the present invention. 15 PCDISESWMOED
DESCRI PTI ON Referring first to Figure 1, a nulti-user
comuni cation system shown generally at 10, is i1l ustrated.
Concurrent communi cati on between a network 20 conmuni cation station 12
and a plurality of renotely- posith&ped communi cation stations 14 is
permtted. The conmuni cation system 10 illustrated in the figure

i's a wirel ess comunigat].onesy SEethinsibhslls %{d'@;tzg:@;e admisSign2! S

_generated at the network communication Station 12 are transmtted
upon sel ect ed chanyielasimisattnasofeltdet cafiditionaflr aepmatelycpanhbicned

selected tine s f.a.multine. ccess t kSSLON heng,
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responsive to determined levels of communication quality.

If the levels of communication quality of the ongecing

communications are adequate, the additional communication

is permitted; otherwise, the additional communication is
10 not permitted.

Because a decision is made either to admit, or to
deny admission of, the additional communication responsive
to actual levels of communication  quality of ongoing
communications in the communication system, the capacity

15 of the communication system is permitted to be increased.
if communication conditions permit. An arbitrarily low
capacity level defined by a hard-blocking scheme can
thereby be avoided, and the communication system can be
efficiently operated at higher capacity, when possible.

20 Conversely, of course, a hard-blocking scheme might well
permit additional communications even when the level of
ongoing communications do not permit the addition of the
additional communication.

In one embodiment, the communication quality

25 determiner 24 is provided with information indicative of
. carrier-to-interference ratios of the ongoing
communications between the communication stations 12 and

14. The information may be related to uplink signals
generated by the communication station 14 and transmitted

30 to the communication station 12, downlink signals

generated by the communication station 12 and transmitted
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-9- i sel ection of the channels upon which the signals generated
by such comunication stations are transmtted, full dupl ex
conmmuni cati on between the communication stations 12 and 14 is

possible. 5 The network communi cation station 12 inclp%g
plurality of t™Hh¥2868%i ng el enents 16 wherein individual %@%*”such
el enents transnmit signals to, and receive signals from individual
ones of the communication stations 14. 10 As nentioned above,
I ncreased usage of various types of conmmuni cati on systens has
resulted, at tines, in “capacity probjxns. When t oo many users
concurrently utilize a multi-user comruni cation system interference
bet ween concurr enid yhé reomemnitacici grakdon ant,ceusef oth thatwupXiskeand

robl ens whi ch degrade l.evel s of comuni cation quality.
IIon the conventi orﬁﬂw‘gg’tﬂg BHap of reducing the POSSi b?l ity yof an

unacceptabl e  degradaéspénsivel to suclsOoffididatdond) qhrl idommumitationit the
nunber of 20 transceiving elenments 16 form ng a&)rtion of the network
conmuni cati on st &4edAty2 detgrmingy | GeteypAnes nife, Gimulative;  dgRELLYi ng

el ements, the capRfictioR! & GHMUEYLAEQRo-interference ratios and
provides information related to such determined function
to the additional call admitter 28. If the cumulative
density function indicates that the levels of
communication guality are better than a threshold level,
10 the additional call admitter 28 generates signals on lines
34 to permit an increase in the communication capacity of
the communication system.

Viz., when a request is made for additional
communication by additiocnal numbers of remotely-positioned

15 communication stations, such as the communication station
18, the additional communication is permitted. If the
determined level of communication quality is not greater
than the threshold level, additional communication is not
permitted, and a request for communication with, or'by,

20 an additional, remotely-positioned communication station
is denied.

In another embodiment in which the communication
system 10 forms a digital communication system, error
rates, such as detected bit error rates or frame exrror

25 rates are supplied to the control device 22 by way of the
lines 26. In analogous fashion, the communication quality
determiner determines levels of communication quality of
the ongoing communications in the communication system
responsive to such information, and the additional call

30 admitter 28 permits, or denies, admission of additional

communications in the communication system.



systemis correspondingly limted. That is to say, the nunber of

comuni.cations permtted in such a systemis 25 limted by the nunber of
instal | ed transceiving el enents. Such a manner by which to limt the
comuni cati on capacity of the communi cation systemis sonetines
referred to as "har d- bl ocki ng. " Whi | e a hard- bl ocki ng
schene reducesWOR#28666si bility 30 that too many concurr entPQI¥SEST00329 t he
comuni cati on system m ght unaccept ably degrade | evel s of

conmuni cati on WD 97/ 28666

PCT/ SE97/ 00129 -10- quality, a
har d- bl ocki ng schene in sone instances, qpﬁo prevents the
maxi m zation of capacity of the comunicatl on system Transm ssion

channel conditions a%n"‘qlﬂcea§akﬂfon, otherP QEbRRE f6h Und RareO@IHNLeat i on
stations can affect the
supplled to. the communication quality determiner 24 in

other embodiments, the levels of communication quality can
similarly be determined, and decisions to permit or deny

5 admission of additional communications in the
communication system can be made.

Operation of an embodiment of the present invention
in a cellular communication system permits an increase in
the capacity of the communication system. Decisions can

10 be made on a cell-by-cell basis to permit increased
numbers of concurrent communications in such cells.

When the communication quality level of ongoing
communications in a cell of the cellular communication
system is great enough to permit additional numbers of

15 calls, if a request to admit an additional call in. the
network is made, the request is granted. The additional
call in the cell is admitted and the additional
communication is effectuated. The number of concurrent
calls permitted is dependent upon the communication

20 quality levels of ongoing communications rather than, as
when a hard-blocking scheme is utilized, being limited by
the number of transceivers positioned at a radio base
station. The capacity of the limited frequency spectrum
allocated for cellular communications can be more

25 efficiently utilized as greater numbers of users can
communicate concurrently when communication quality levels
so permit.

Figure 2 illustrates an exemplary grid pattern, shéwn
generally at 52. Hexagonally-shaped cells 54 are defined

30 by radio base stations 56. In the arrangement illustrated

in Figure 2, each radio base station 56 defines three



5~ capacity at which the communication system can be

oper at ed. In a hard-bl ocking schene, the nunber of transceiving
el ements is typically selected during systeminstallation. To
prevent t he occurrence of unacceptably | ow 10 comuni cati on
quality levels during operation of the conmmuni cati on syst

nunber of transWe9VWeses el enent s is sonmetimes sel ected tyi“%W?’
than that which woul d regularly be possible in order to nost
efficiently utilize the frequency spectrumallocated to the
system A 15 comuni cation systemutilizing a hard-bl ocking schene,
therefore, is typically unable to nmaxi m ze_jshe capacity | evel s of
comuni cations by way of the communication system whi ch are
dependent, in sigekiisay. PaibsctiPRR, units polifiondd a.rihsamssnﬁ)mheh@ém
conditions. 20 Wth reference again to Figure_ 1, for stance, if
t he comuni cat i ontzgnseiss] Gigeaks 6. b@“gcﬁ?’é’FFﬁﬁ?e%“Qnals £xRm.| FB

har d- bl ocki ng SCh%@?tzl&QC%Ga FRICHUBREYAEST the cePi 54 EIW! ﬁh!cﬁosdﬂe' oned
ta

conmuni cati on I ons concurrently comrunicate with all of
t he transcel ving Bbscribememit i pﬁtﬂ#é;lonedvxorks EhangabeaxikaT widt i on

(1:(2)m'run| cat | o ztsiagFSﬁ“-f% %oggﬁ‘wg Icéé gFlﬁ,gﬁPﬁi{éﬁ&%h&a}%ﬁ%’ tg'eheden ed

adm ssion to the &;&nelrarSueinmﬁiemaaﬂmnf system,adlmi sxigm‘.ngo cadimedi dtee i n

QUal ity of the | BUbSERYREhgREUEH cBt| BAESTH THo SOt e e
station 56 to another without apparent interruption of the
ongoihg call.

10 As noted previously, a significant advantage of a
cellular commmnication system results from the ability to
re-use the channels allocated to the communication system.
Different channels are assigned at different cells, and .
such channel assignments are repeated in various ones of

15 the cells. Typically, channel assignments for adjacent
cells are dissimilar to minimize the effects of co-channel ..
interference.

The grid pattern 52 shown in Figure 2 is sometimes
referred to as a “4/12" scheme. In such a scheme, the

20 channels allocated to the cellular communication system
are divided into twelve groups, here designated by Al, A2,
a3, 1, B2, B3, C1, C2, C3, D1, D2, and D3. Groups of
twelve cells, such as the group 62 indicated by the bold-
faced outline in the figure, are defined throughout the

25 grid pattern. The channels assigned to each cell of the
twelve-cell group is assigned a different set of channels,
and adjacently-positioned cells are not assigned with the
same channels. Interference between signals generated in
adjacently-positioned cells is thereby reduced.

30 To increase the capacity of the cellular

communication system, the cells can be re-used wmore
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The enbodi ment of the communi cation system 10 illustrated in Figure 1
avoi ds an unnecessary |limtation in the capacity of the comrunication
system when t he | evel s of conmunication quality of ongoing

communi cations 5 permt adm ssion of the additional comunication
station WIBITR28666 onTTUNi cate in the comruni cati on system PCT/SE9700129 | n
t he conmuni cati on system 10 shown in Figure 1, the net wor k

conmmuni cation station 12 includes additional nunbers of transceiving
elenments 16 to permt additional 10 nunbers of concurrent

communi cations to occur. The co nication station 12 includes a
control device 22 formng a portion"of, or as illustrated, coupled

to, the ”Q5¥%ﬁ: | | 0Q,.S [ 2..¢The ¢ eylce, 22

I ncl udes a conmuni a??g%ggﬂgF§?§tdgfe%%%n%gs 4?5#%%\?§é€§g8éi%%ugpgd, her e
by way of |ines g¢sibdlieyethat nbasarferente of codetraremwtiht-ekniegrated ot her

i ndi cati ons of, ogﬂping . gggﬁunic tions between the transceiving

el ement 16 of t (FEMUNICALIR, TR Pl PR tIGFTI2 and the

renotel y-positioned Figure COIMHlliAitirales!t athon did RestdREnye kRowgCei pt

of such 20 I nformation, the communication gquality determ ner 24

det er mi nes 3 evel9engratbmAtiséat PORRGRAS Feleyredhds Ag @ “1/3" scheme.

Similar to the arrangement shown in Figure 2, hexagonally-
shaped cells, here cells 66, are defined by radic base
stations 68. Each base station 68 defines three cells 66,
analogous to the base stations 56 which define the cells

10 54 in the illustration of Figure 2.

In a 1/3 scheme, the channels allocated to the
cellular communication system are divided into three
groups. And, three groups of cells, such as the group 72,
indicated by the bold-faced outline are formed in which

15 each cell of the group is assigned with a different one
of the three sets of allocated channels. The sets of
channels are assigned in manner such that adjacent ones
of the cells are not assigned with the same set of
frequency channels. '

20 Because the allocated channels are divided into three
sets of channels rather than twelve sets of channels, a
multiple-increase in channels available at any particular
cell for the transmission of communication signals
results. However, thé separation distance between cells

25 which re-use the same set of channels is reduced, in
contrast to the re-use pattern of the 4/12 scheme shown
in Figure 2.

Degradation of 1levels of communication quality
resulting from co-channel interference is potentially a

30 greater concern in a cellular communication system

utilizing the 1/3 scheme than the 4/12 scheme. Other



conmuni cati ons between the conmuni cation stations 12 and 14.

The control device 22 further includes an additional 25 call admtter 28
which is coupled to the commrunication quality determ ner 24 by way of
the lines 32. Determ ned | evel s of communication quality determ ned
by the determ ner 24 are provided to the additional call admtter

28. The admi t WQ9728668cnerates signals on the lines 34 30 I8FP7(00129
coupl ed to the comruni cation station 12. WO 97/ 28666

PCT/ SE97/ 00129 -12- The

val ues of the signals permt the adm ssion, or deny adm ssion, of the
addi tional renotely-positioned commyjj.cation station 18 to

comuni cat e in the comuni cation system A decision to permt

adm ssion, or 5typekO dsfly adBbptéfdnce)f tBeckddiabi Onadjacerv+ehaahtdn is
made responsive to determned | evel s, of communj cation quality.

If the |evels of PG@KEiRFERET oridyAFRIR) PERSERLe o RRS (fipgradation of the

levels of communication quality can also occur. Hence,
although interference problems might cause the degradation

5 of levels of communication quality in a cellular
communicgtion system having either the grid pattern 52 or
the grid pattern 64, as well as other grid pattern
arrangements, the channel re-use plan of the arrangement
illustrated in Figure 3, is particularly susceptible to

10 interference problems due to the proximity between cells
which are assigned with the same sets of channels.

As mentioned previously with respect to the
communication. system 10 shown in Figure 1, hard-blocking
schemes can be utilized in communication systems. Use of

15 a hard-blocking scheme prevents more than a selected
number of concurrent communications from occurring.
Thereby the possibility that interference between
concurrently-generated signals can degrade the levels of
communication qualities of ongoing communications beneath

20 an acceptable level is reduced. However, hard-blocking
schemes are inherently arbitrary as such schemes are
unable to take into account actual interference levels
which might vary at different times.

A manner by which to admit, or to deny, an additional

25 call between a subscriber unit positioned in a cell and
a radio base station which defines the cell based on the
level of communication quality of ongoing communications
in an area proximate to the subscriber unit would
therefore be advantageous as operation of the

30 communication system could be more efficiently utilized.



cemmuni cations are adequate, the additional comunication S
perm tted; otherw se, the additional communication is 10 not permtted.
Because a decision is nade either to admt, or to deny adm ssi on of,

t Re addi ti onal

conmmuni cation quality of ongoing
system the cawaei/18§6615

i ncr eased
capacity | eve

avoi ded, and the comruni cation system can be

comuni cati on responsive to actual |evels of

conmmuni cations in the conmruni cation
of the comunication systemis perROTISEeTIO0MZY be

i f comruni cation conditions permt. An arbitrarily |ow

defined by a hard-bl ocki ng schene can thereby b

hi gher capacity, when possible. 20 Conygrsely, of course, a
har d- bl ocki ng schene m ght wel |l peF T additional communicatio

~when the leve;dgrtlor?ufnco%%& oggunlg. ga‘h} ni'd ot AL n%%bl esh%dd

of the -

cation. n one e I ment

e

efficiently operated at

ns even
ition
t he

- communi cati on qugEreraldy  at datosr,nmi ofr & iesbpdiménted ofi t bhe nfp}fenhton

~indicative of
* conmmuni cati ons

AETREERCE L ARG, FPaR Gs TR  BluFalicy of Flle

ongoi ng
5The

~information may defihetai®d cellilar kohingiidstion sysganer ahedeiycdilkey
communi cation station 14 and transmtted 30 to the communicatio

station 1?

dBf i pk thegngpkodiment jiliuskrared, ipe thembiguxns i éa

station 12 and tggitibhk@dat a mobile switching center 108 to form a

10

15

20

25

30

portion thereof. In an embodiment in which the cellular
communication system comprises e.g., a Group Special
Mobile (GSM) system, the circuitry 100 can instead be
positioned at a base station controller. The circuitry
100 may advantageously be formed of processing circuitry
having algorithms executable therein to perform the
desired functions of the circuitry.

The circuitry 100 shown in the figure is operative
to control the number of concurrent communications
permitted between subscriber units and a radio base
station 112_which-defines a cell 114. In the figure, the
cell 114 is the centrally-positioned cell. Analogous such
circuitry is positioned at the mobile switching center 108
to perform similar functions to control communications and
other cells of the cellular communication system. For
purposes of simplicity, such analogous other circuitry is
not illustrated in the figure.

The channels assigned to the cells of the portion of
the cellular communication system shown in the Figure are
assigned according to a 1/3 scheme, described previously
with respect to Figure 3. The asgsignment of channels
according to this scheme is exemplary in nature, and the
circuitry 100 can be utilized in a cellular communication
system in which channels are assigned to cells according

to other schemes.

n
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-13- . to the communi cation station 14, or of both the uplink and
downl i nk signals. Responsi ve to such indications, the

comuni cati on quality determ ner determ nes a cunul ative density 5
function of the carrier-to-interference ratios and rovi des

i nformati on re™Q¥A86 such deternined function to the %

call admtter 28. [If the cunulative density function i ndi cat es
t hat t he | evel s of - comuni cation quality are better than a

t hreshold | evel, 10 the additional call admtter 28 generates signals on
I i nes 34 to permt an increase in the.commnication capacity of

t he conmuni cati on system Viz., when a request is nmade for

addi ti onal COMMypieC 8bi 1H) ¥ ééﬁﬂeﬂoﬂﬁ|rﬁi®ﬁhﬁe0§td’tﬁ6ﬁhe| Vagadsi, t i oned
15 communi cation stations, such as the comruni cation_station 18,

the additional coemAmiredipobase statipnt defines ithuge cells. jAgaim.naad evel
of comuni cation géjaz%éééfr b%dng%eg:[&?él‘v the ch%ﬂﬁ@l& hﬁlié’t!a%%@'f@r' exe! .

addi tional conmunication i and a request for
comuni cati on wi tcl:ellmllabymrﬂﬁmmaammwuemrmiq duvmde@lh}itposhteQ)MS.
communi cation stati ot her e dinent in

d
which the ¢ ni THt (ﬁ?’ts bein%fs‘fé‘%"fbe?o?%}\a di ga'ntda “conmuni €at 1-oh
system error.  adjadcehedy-poiiftissed eiedtbeardirioteassigrel esthrtie aameer r or

sets of channels, but cells assigned with the same sets
of channels are spaced apart by one-cell distances.
Groups of cells to which the same sets of channels
10 are assigned form interference areas. In the figure,
three interference areas, a first interference area 118,
a second interference area 122, and an nth interference
area 124 are indicated in the figure. Each interference
area 118, 122, and 124 includes the cells assigned with
15 the "A" sets of channels positioned within the respective
hexagonalh blocks, shown in dash. Examination of the
interference areas 118, 122, and 124 indicates that seven
cells form each of the interference areas, 118, 122, and
124. Examination of the interference areas 118, 122, and
20 124 further indicates that the cell 114 forms a portion
of all three of the indicated interference areas, 118,
122, and 124.
For reasons of simplicity, additional interference
areas are not separaﬁely indicated in the figure.
25 Analysis of the manner by which the interference areas are
formed reveals that the cell 114 forms a portion of seven
separate interference areas. It may similarly be shown
that other cells form portions of seven separate
analogously-defined interference areas.
30 In other embodiments, interference areas can be

defined in other manners. For instance, groups of



25 rates are supplied to the control device 22 by way of the

lines 26. In anal ogous fashion, the comunication quality det er m ner
detern1nes | evel s of comrunication quality of t he ongoi ng

comuni cations in the conmunication system responsive to such
information, and the additional call 30 admtter 28 permts, or denies,
adm ssi on of aWOIaREshG | communi cations in the communi caRCESEIZOMERZE M
WD 97/ 28666 PCT/ SE97/ 00129

-14- In like fashion, other information and data can be
supplied to the comuni cation quality determ ner 24 I n ot her

enbodi nents, the | evels of conmunication U§|Ity ca simlarly be
determ ned, and decisions to permt or deny. 5 adnlsS|on of

made. an_enbod; Hent t he present 1 nvention
in a cellular coimterfmtence syseasmperncrs agroups casf i cells having

dissimilar, but related channels can.instead together form

addi ti onal corryagsrat 18positloned NScetla  LAMUARERLE ONaSHBLM AN D

interference areas. The interference areas may further -
5 be defined to be single cells.

The circuitry 100 includes a signal quality
determiner 132 formed of a plurality of elements, here
elements 132-1, 132-2, ... 132-n. The number of elements
correspond to the number of interference areas, here

10 seven, of which a cell, here the cell 114, forms a
portion.

The first element 132-1 is coupled to the base
stations which define the cells of the interference area
118 by way of selected ones of the lines 134 extending to

15 the respective ones of the base stations.

Analogously, .the element 132-2 is coupled to the
radio base stations which define the cells forming the
second interference area 122, again by way of selected
ocnes of the lines 134 extending to the respective ones of

20 the base stations which define such cells.

The nth element 132-n is coupled to.the radio base
stations of the nth interference area 124, again by way
of selected ones of the lines 134 extending to the
respective ones of the r#dio base stations which define

25 the cells of the interference area 124.

Others of the elements, for purposes of simplicity,
not shown in the figure, are analogously coupled to the
radio base stations which define the cells forming the
other interference areas.

30 The radic base stations transmit informational data

to the elements to which the respective ones of the radio



t he capacity of the conmunication system Decisions can 10 be made on a

cell-by-cell basis to permt increased . nunbers of concurrent

conmmuni cations in such cells. When the comruni cation quality

| ével of ongoing communi cations in a cell of the cellular - .
conmmuni cati on systemis great enough to permt additional_n rs of
15 calls, | Wad7288fest to adnit an additional call in the Pcms&gﬁ@?inrk
is made, the request is granted. The additi onal call in the cell is
admtted and the additional conmuni cation is effectuated. The nunber
of concurrent calls permtted is dependent upon the comuni cation 20
quality levels of ongoing comunications [gther than, as when a

har d- bl ocki ng schene is utilized, being limted by t he nunber of
transcei vers posighk@nsthtiond apélicoupdes. as isSimdicutedThe wmp&dguyeof the
limted frequency spectrum al | ocated for cellular, conmuni cations can
be nore 25 ef thei dineg 134 | extandiagy £Eap cbhe FRARACTI e OBPE Egnthe

communi cate CONCyLpFR! | aUNERaEAMBINL LA 4R GRbkY E6V! pluralicycopermit.

Figure 2 illustrates an exenplary grid pattern, shown general ly at
52. Hexagonal | y- lapenits eldx-154hapugbeti3zrat 30 by radi o base stations

g?étigﬂ ggegg;{ﬁggepﬁgéegkéugéﬂé?f%%nt, theignfiéﬁgéia% s%@%&ié&dﬁf Q@?e
radio base stations to the elements of the communicatiocn
quality determiner 132 cohprises data related to levels
of interference  introduced upon signals transmitted
between subscriber units and the radio base stations in

10 which the subscriber units are positioned.

In a cellular communication system, information
related to carrier-to-interference ratios may be
transmitted by the radio base stations to the determiner
132. The information related to the interference may be

15 representative of detected 1levels of interference
introduced upon uplink signals transmitted by the
subscriber units. to the base stations, indications of
interference introduced upon downlink signals transmitted
by the base stations to the subscriber units, or

20 indications of interference introduced upon both uplink
and downlink signals.

In a digital communication system, e.g., indications
of error rates, such as bit error rates or frame error
rates can be supplied by the radic base stations to the

25 communication quality determiner 132. 1In a group special
mobile (GSM) system} indications of RxQual values can be
supplied by the radio base stations to the elements of the
determiner 132. Alternative indications may be supplied
to the determiner 132, if desired. In another embodiment,

30 utilization levels are determined and compared against a

threshold.
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- 15- . cells 54. Subscriber units positioned in any of the cells
transmts signals to, and receives signals from the radio station
56 which defines the cell 54 in which the subscriber unit is )
posi ti oned. As the subscriber unit 5 travel s through the geographi cal
area enconpaswebd73§666 he cel l ul ar conmuni cati on syst em PETISEST901200
call of the subscri ber unit can be handed-off from one radi o base
station 56 to another w thout apparent interruption of the ongoi ng
call. 10 As noted previously, a significant advantage of a

cel lul ar conmmuni cation systemresults fr the ability to re-use the
channel s allocated to the commni cation Stem Di fferent channel s

[ d diff | I I
Cepoat ot i n vari ous DHGSHLP8 2e9eh may | afs Ry RRRFR RS A then ' °

assi gnnents f or setéaiamly weighttsd.l sI1ar Such i Elnbaduﬁéhtm Rkl ZLatih ef f ects
of co-channel i nterference rid pattern 52 shown in
Figure 2 is sorr'éfl‘?f"else"te“ °hf‘%‘l‘%t? e Ueétghﬁe‘iﬂﬂ a5 WRdgBting valueh a

schere, the 20 ang W} iR18nRLAOSA ket ohEaGEl 114 UonfAFEUNAGRLARD Y ST e

are divided into twelve groups, here designated by Al , B1,
B2, B3, CI3 C2, tleeeslmld D2Foxrihatancey ok mymber of qngglm calls, casuch as

the group 62 ing a%ﬁgn%édteaéjqﬂd& s théaﬁfﬁ o hhe e | ure, are
defi ned throughout Fern e C nne s assSigne % each
cell of the ongoing calls. Certain of the call-types are more heavily
weighted than others. For example, a packet-data call
might be more heavily weighted than other types of calls
10 as a packet-data call might generate a greater level of
interference. The weighted summation of ongoing calls can
then be divided by the number of calls feasible within,
e.g., a cell or interference area. If the resultant value
is less than a threshold value, an additicnal call is
15 permitted; otherwise an additional call is not permitted.
Each element 132-1 through 132-n is operative to
determine levels of communication quality of ongoing
communications in the interference area to which the
element is coupled to receive information. In one
20 embodiment, each element 132-1 through 132-n calculates
cumulative density functions responsive to the information
supplied thereto.
Levels of communication quality determined by the
elements 132-1 through 132-n of the determiner 132 are
25 supplied by way of lines 138-1, 138-2, ... 138-n to an
additional-call admitter 142. The admitter 142 is
operative to compare the determined levels determined by
the elements 132-1 through 132-n against a threshold
value. Responsive to such comparisons, the additional-
30 call admitter generates a decision signal on line 144

which is supplied to the radio base station 112 which



twel ve-cell group is assigned a different set of chan
adj acent | y-positioned cells are not assigned with the

i's thereby reduced. 30 To increase the

nel s,

and

same channel s.
I nterference between signals generated in adj acent| y-positioned cells

capacity

of the

cel lul ar comuni cation system the cells can be re-used nore

WD 97/ 28666 WO 97/28666
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-16- frequently, albeit at the risk of an increase in the

possibility that interference of concurrently-generat

ed

conmuni cati on

signals m ght occur. Figure 3 illustrates the grid pattern

shown 5
Simlar to the arrangenent shown in Figure 2, hexagonally-

cells,

stations 56 whi chiR¥qatdopheithey $ojpermit; admisphen; |9y, depy; 7

2.

generally at 64, sonetines refggred to as a "1/3" schene.

shaped

here cel | sqéfined € thef i é&1h byi1aadi 0 TheSedecisiont aigaat 68s Each
base station 68 defines three cells 66, anal ogous to the base

10

15

20

25

30

of additional calls between subscriber units positioned
in the cell 114 and the radio base station 112. When a
request is made within the cell 114 to place an additional
call, the call is admitted, or denied admission,
responsive to the value of the decision signal generated
on the line 144.

In one embodiment, the additional-call admitter 142
generates a decision signal to admit an additional call
when any of the elements 132-1 through 132-n generates a
signal which is greater than the threshold value. In
other embodiments, the values of the signals generated by
all of the elements 132-1 through 132-n must be greater
than the threshold value, and:in yet other embodiments,
various combinations of the values must be better than the
threshold value.

Irrespective of the manner by which the additional-
call admitter 142 determines whether to admit, or to deny
admission to an additional call placed in the cell 114,
the decision is based upon determinations of the level of
communication quality of ongoing calls in areas positioned
in, and about, the cell 114. Arbitrary limits on the
number of concurrent calls permitted in the cell 114 does
not occur.

In further embodiments of the present invention, the
threshold value utilized by the additional-call admitter
142 is dependent upon the type of call which might be
requested to be admitted in the cell 114. For instance,
a priority call, such as an emergency call, is admitted

if the communication quality levels are better than a

Hi®Wgur e



In a 1/3 schene, the channels allocated to the cel lul ar conmuni cati on

systemare divided into three groups. And, three groups of cells,
such as the group 72, i ndi cated by the bold-faced outline are forned
i h which 15 each ceII of the group is assigned with a different one

of the three sets of allocated channels. The sets of channels are °
assi gned i n nawem2sdseh t hat adj acent ones of the cell spet/sE990b129
assigned with the same set of frequency channels. 20 Because
the all ocated channels are divided into three sets of channels rather
than twel ve sets of channels, a nultiple I ncrease in channels
avai l abl e at any particular ceII % the transm ssion of

comuni cation signals resul ts. % t he separatlon di st ance

between cell's 25,4 {:ﬁP %l'?ollése éhﬁgﬁgﬁﬁfscfﬁ %J.I?gl éaifd#grpfngurg 5

contrast to the re-use ern‘of t ene S
Degr adat i on of Iannﬁhsrohedmntunadmittﬁd(ﬂﬁﬂuhhylevels O£ Stdrinngl datath

co- channel |nterference |s otenti |y eat concern in
cellular commurff¥adcy }gﬁt than %ﬁq@?ﬁnﬁg’f‘?ﬁg“’i}% and Fraduestt he _
4/ 12 schene. Qch%fdm:.t a new call W@ Hdnd®2@@ if the determined level

PCT/SEQ?/OQEZQ of communication i i i
gquality is better than a third threshold.
Figure 5 illustrates a method, shown generally at
162, of operation of an embodiment of the present
invention to selectively admit additional calls in a cell
of a cellular communication system. The method 162 may,
10 for example, be effectuated by the circuitry 100 described
with respect to Figure 4.
First, after start of the method, as indicated by the
‘start block 164, ongoing call signal characteristics are
‘measured, as indicated by the block 166. The ongoing call
15 signal characteristics may be of characteristics
indicative of levels of interference, carrier-to-
interference levels, bit error rates, frame error rates,
or other measured signal characteristics.
Then, and as indicated by the block 168, the
20 measurement characteristics are provided to a call-quality
determiner, such as the determiner 132 shown in Figure 4.
A determination is then made, as indicated by the decision
block 172, as to whether a call request has been received.
If not, the no branch is taken back to the block 166.
25 Otherwise, the yes branch is taken to block 174 and the
ongoing call quality is determined. 1In the circuitry 100
illustrated in Figure 4, the ongoing call quality is
determined by a plurality of determining elements, as
. described previously with respect to Figure 4.
30 Thereafter, and as indicated by the decision block

176, a determination is made as to whether the call



-17- types of i nterference, such as adj acent - channel
interference, is again possible, and degradation of the | evel s of
communi cation quality can al so occur. Hence, al t hough interference
probl ens m ght cause the degradation 5 of levels of comunication,
quality in a cellular conmmuni cation system having either the grid
pattern 52 or WO92866¢ grid pattern 64, as well as other gri dPGEBESR0p129
arrangenents, the channel re-use plan of- the arrangenent illustrated
in Figure 3, is particularly susceptible to 10 i nterference problens due
to the proximty between cells whi ch are assigned with the sane sets
of channel s. As nentioned.previgﬁély W th respect to the
comuni cati on system 10 shown in Figure 1, hard-bl ocking schenmes can

be utilized in copgyRe&alis0RoSyshiiR: adm £ai¥n &P a rew@RE) D! oGKigRg srdiene

prevents nore than a sel ect ed_ nunber of concurrent conmuni cations
fromoccurring. Yes banaibyishetaheersi ¥iol | dgcision | hiesk erlifoe Budween

concurrently-gener, '&&% S .GCa grade.t 5,0 . .
comuni cati on qualdlgi:lgg%ﬁ(&) or?g'&%nglaggm%%n?%a |%Ar{§e\%et?lleeaicﬁlioqualé%y 18
acceptabl e | evel bettedutenh a Fdwstvethréshaldl ofKisg, the yescheaneh aie

I nherently arbitrary as_suych schenes .arg ...unable to take into account
act ual interfse_ren g}éngéf‘ a new S‘E"n ’rﬁgﬁ?m’(fﬁl’{&at Frpezisse (GhHRedo

A manner by whi chbk@nainid ,tdkerd @ndeanmisfiatidd it)iealaddBtionadl tabetien a
subscriber unit pgsitioned in a cell and a radi o base station which

defines the cell P588%%Coun the
If the no branch is taken from the decision block

176, a determination is then made, as indicated by the

10 decision block 186, as to whether the call request is for
a hand-off of an ongoing call at another cell. If so, the
yes branch is taken to the decision block 188, and a
determination is made as to whether the call quality ié
better than a second threshold. If so, the yes branch is

15 taken to the block 192, and the new call is admitted..
Otherwise, the no branch is taken to the block 1%4, and.
the call is denied admission to the system:

If the no branch is taken from the decision block
186, a determination is then made, as indicated by the

20 decision block 196, as to whether the call quality is
better than a third threshold. If so, the yes branch is
taken to the block 198, and the new call, here a priority
call, is admitted. Otherwise, the no branch is taken to
the block 202, and the call is denied admission.

25 The method 162 permits a decision to be made as to
whether to admit a call to the communication system based
upon the communication quality levels of ongoing
communications. Because the determination is based upon
actual communication quality levels, a premature rejection

30 of a request to admit an additional call can be avoided.

And, by comparing the determined communication quality



| evel of communi-cation quality of ongoing comruni cations in an area
proxi mate to the subscriber unit would therefore be advant ageous
as., operation of t he 30 comuni cati on system could be nore
efficiently utilized. WD 97/ 28666

PCT/ SE97/ 00129 Turning next to Figure 4, the circuity,
shown geWor9328666 at 100, of an enbodi ment of the presentPCT/SES7/00129
invention is pictured together with a plurality of cells defined in a
cel lul ar communi cation system The circuitry 5 100 of the enbodi nent
illustrated in the figure is positioned at a nobile switching center
108 to forma portion thereof. In an_ enbodi ment in which the cellular
conmuni cati on system conprises e.g., a GdUp Speci al . Mbile (GSM

system the ci rcgb%ys]%%&ggg Qé@%ﬁd%ﬂﬁe 14 Oi-'eé'h éi Al & ?rgse station

controller. The circui vant'ageou be f o
processi ng circukypgs of caliavian hégméatdudsd&f%vémtﬂp. therein to perform

the In the various embodiments of the present invention,

additional users to a multi-user communication system are

5 not automatically precluded from communicating by way of

the communication system once a preselected number of

concurrent communications has been reached. Instead, when

an additional user attempts to communicate by way of the

multi-user communication system, a determination is made

10 . regarding the levels of communication quality of ongoing

- communications. The decision to admit, or to deny

' admission, is made responsive to actual communications

conditions and not a preselected, and hence arbitrary,
number.

15 The previous descriptions are of preferred ‘examples

" for implementing the invention, and the scope of the

invention should not necessarily be 1limited by ' this

- description. The scope of the present invention is

- defined by the following claims.



desired fun CU|try The circuitry 100 shown in
the flgure mﬂlauﬁ “u ']IEI“' control the nunbgar of concur r ent

opmuni cati ons ¢ ed betmeen subscri ber units and a radi o base
statlon 112 which deflnes a cell 114. In the figure, the cell 114 is.
the centrally-positioned cell. Anal ogous such circuitr
posi ti oned a¥ B¥6F1 e switching cegter 108 20 to perforﬁ?ggﬁvpg?9
functions to control conmuni cations and ot her cells of the cellular
comuni cati on system For pur poses of sinplicity, such anal ogous
ot her circuitry IS not illustrated in the figure. TmsmmaphsBaﬁﬂg aced
channel s assigned to the cells of the por{jgn of 25 Bmgm ulkﬁ
conmruni cation system shown in the Figure are a55|g
1/ 3 scheme, descrygaedrgr eNARNS Vs: with respect to Fi
assi gnnent of channels according to this schene is exenplary in
nature, and the circuitry 100 can be utilized in a cellular

comuni cation 30 ste 4 i
accor di ng ‘o otLer ;&Cﬂhe%nggﬁﬁﬁ‘%ﬂﬁhﬁ;éém%gﬁ%g& 168 ksaio

PCT/ SE97/ 00129 base stations, the radioc base stations defining cells and

toa

5 ~operable to communicate with subscriber units positioned
within éells defined by the radio base stations, an
improvement of circuitry for selectively admitting an
additional subscriber unit positioned in a selected cell
to communicate with a selected radio base station which

10 . defines the selected cell, the selected cell defining at
least a portion of at least one interference area, said
circuitry comprising: -

a communication quality determiner associated
with each interference area, each communication quality

15 . determiner for determining levels of communication quality
of ongoing communiéations of subscriber units within the
interference area associated therewith; and

an additional-call admitter associated with the

selected cell and coupled to each communication quality

20 determiner associated with an interference area of which
the selected cell forms a portion, said additional-call
admitter for admitting the additiomal subscriber unit to
communicate with the selected radio base station when
‘levels of communication cquality determined by at least one

25 of the communication quality determiners coupled thereto

is better than a threshold level.

2. The circuitry of claim 1 wherein the selected
cell defines at least portions of a plurality of
30 interference areas and wherein said communication guality

determiner associated with each interference area



- 19- ~The certs—are defined by radi o base stations. Again,

each radi ;”"ﬂ"ﬂ, ines three cells. Again, and as descri bed
pr evi ousl mlm”mmw | ocated for the cel lul ar conmuni cation
system are “di ¥i ded ¥ nto t*hree sets, 5 such sets being identified by A |
B, and C Agai n, adj acent |l y-positioned cells are not assigned
vm'th t he sane WO”ﬂsﬁéts of channels, but cells assigned w t hPCl/SE®IBOR29SEt S
of channels are spaced apart by one-cell distances. G oups of
cells to which the same sets of channels 10 are assigned form

I nterference areas. In the figure, three interference areas, a
first interference area 118, a secol f]' interference area 122, and an
nth interference area 124 are indicated in the figure. Each

interference  com¥i9ell8a 13AuaNdt 46f‘C' UmuhBaE8bh S QRmidRed W th
15 the "A" setspca)ﬂS channel s%o%ltlo%gd wi thin the rgspectlve 1ty

hexagonal bl ockslets¥mimers. dash. Exam nati on of the I nterference
areas 118, 122, and 124 indicates that seven cells formeach of the
interference areas, 118, 122, and 124. Exam nation of the
interference areas 138, 1'23;-. andr@@itry 124f f ucthbn i 0di eieeeihhalsaige cell

114 forns port ree of the indicated interference areas,
118, a5122 %tifﬂal &l adm&ﬁ*’o? SpQ Bf‘tléltﬁﬁ ﬁ'??‘edad’&”l onal

i nterference is coupded A< sAQH ﬁmm@ il edlrhRditp aétﬁezfnlﬁu&s 25
Anal ysi s of the manner by which the interference areas are for med

reveals that the cell 114 fornms a portion of seven separate

interference areas. |t Myhgi WihkBhivrPCo2hWhim 1 wherein a set of
communication channels is allocated for use by the

10 . cellular communication system, wherein a group of cells

is allocated with a subset of the set of communication

channels, and wherein the at least one interference area

is formed of cells which are allocated with the subset.

15 - 5. The circuitry of claim 1 wherein the at least
one interference area is formed of a plurality of cells

positioned proximate to one another.

6. The circuitry of claim 1 wherein a set of

20 communication channels is allocated for use by the
cellular communication system, a first subset of the set
allocated for use at the selected cell and a second subset

of the set allocated for use at a second cell, and wherein

the at least one interference area is formed of at least

25 the selected cell and the second cell.

7. The circuitry of claim 1 wherein said
communication quality determiner associated with each
interference area is coupled to receive indications of

30 error rates of the ongoing communications of the

(A
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t hat ot her - s of seven separate anal ogousl y- defi ned
i nt erferenc Tﬂﬂa !mﬂml“mr I n other enbodinents, interference areas
can be . cl mins ot*her manners. For instance, groups of

WD 97/28666 PCT/ SE97/ 00129

- 20- . adj acent | g/s positioned cells can instead define the
interference VAU o  groups of cells having FTHENRL2
but related channels can instead together form i nterference areas.
The interference areas may further 5 be defined to be single cells.
The circuitry 100 includes a signal quality determ ner 132 formed of
a plurality of elenents, here el emedgs 132-1, 132-2, ... 132-n. The
nunber of el enents correspond to the nunmber of interference areas,

here 10  seven, sublscib&h 1thit withDfl €hd Niireiferddde aded WBsdciated
portion. h Thet{‘l rst elenment 132-1 is coupled to the base
exrewl

8. The circuitry of claim 7 wherein the indications

5 of error rates comprise indications of bit error rates.

9. The circuitry of claim 7 wherein the indications

of error rates comprise indications of frame error rates.

10 10. The circuitry of <claim 1 wherein said
communication quality dJdeterminer associated with each
interference area is coupled to receive indications of
levels of interference introduced during the ongoing
communications o©f the subscriber units within the

15 interference area associated therewith.

11. The circuitry of c¢claim 1 wherein said
communication quality determiner associated with each
interference area is coupled to receive indications of

20 | carrier-to-interference levels introduced during the
ongoing communications of the subscriber units within the

interference area associated therewith.

12. The circuitry of claim 1 wherein the ongoing

25 communications comprise downlink signals generated by at
least one radic base station positioned within the at

least one interference area and wherein said communication
quality determiner associated with each interference area

is coupled to receive data related to the downlink

30 signals.
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stationt“ﬂlﬂ | he cells of the interference area 118 by way
of sel ech ”ﬂﬁ# ﬂlihes 134 extending to 15 the respective ones of
t he base statitons. g ¥ Anal ogously, the elenment 132-2 is coupled to

t he radi o base stations which define the cells formng the

second interference area 122, again by way of selected ones of the

i nes 134 ext ewWOi9mees® t he respective ones of 20 - the base pgwsEymomr2ovhi ch
define such cells. The nth elenment 132-n is coupled to the radio
base stations of the nth interference area 124, again by way of
sel ected ones of the lines 134 extending to the respecti ve ones of
the radi o base stations which define 25 the cells of the interference
area 124. Q hers of the eleneﬁyg, for purposes of sinplicity,

not shown in the figyge, e anal ogousl y. coupled tqg the radi,o base
stations which definggfhe@%%I$§ ?%#ﬁﬁ“ufﬁléééam(i éhﬁﬁ%*”i%PSrPEPQABQ ar eas.
30 The r asimmubasat S6ed | conbrtizenspllink néDgmEks arealerdted by theto the
el ements to which the,Lespective ones ,of the raqjo WD 97/ 2866
PCT/ SE97/ 00129 subscriber units positioned within the at least one
interference area and wherein said communication quality
5 determiner associated with each interference area is

coupled to receive data related to the uplink signals.

14, The circuitry of <claim 1 wherein said
communication quality determiner associated with each

10 ' interference area is coupled to receive data related to
the ongoing communications and determines a cumulative

density function responsive thereto.

15. The circuitry of <claim 1 wherein said
15 additional-call admitter admits the additional subscriber
unit when at least a selected percentage of the ongoing
commuqication within the interference area of which the
cell associated therewith forms a portion is better than
the threshold level.
20 _

16. The circuitry of claim 1 whefein the cellular
communication system includes a mocbile switching center
and wherein said communication quality detexminer and said
additional-call admitter form portions of the mobile

25 switching center.

17. The circuitry of claim 1 wherein the cellular
communication system includes a base station controller
and wherein said communication quality determiner and said

30 additional-call admitter form portions of the base station

controller.
heet Has Been Replaced
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e statlons are coupled. As is indicated in the figure,
the I ﬂ!’lu g fromthe respective ones of the radi o base
stati led to a plurality of el enents 132-1 through

132-n. In one enbodi nent, the information supplied by the
radi o base stations to the elenents of the conmunication FF% Ik@x
det er mi ner 132 ¥@M#A8®es data related to | evels of inte ﬁgﬁ’ 29

Htrodueed—upon—signal s transnitted bet ween subscriber units and the

radlo base stations in 10 which the subscriber units are positioned.

| Fhig S ni cation system information related to
car : “ erence ratios may be 3j. transmtted by the radio
bas the determ ner 132. The information related to the

interference may be 13s. renéeseﬂfaiim obf delathedl | ehekeinof said

I nterference I ntroduced E&P I|nk signal s transnittedﬁ?y t he
subscriber units $YMMRECBELIER S H‘Jﬁ PEEnSFPPrises RIAEFFEPEnce

i ntroduced upon M&d;&'ﬁ-ysl ﬁaaiﬁgtrﬂwircmé execubibldie diRgeist agbens to

t he subscriber units, or i ndi cations of interference introduced upon
bot h upl i nk deenﬁmimgu Hhe Jdieyeapsof the communication;gyaldity.

communi cati ap system e.g., indications of error rates, such as bit
error rates or frame error rates can be supplied by the radio base

stations to the 25 1omThe cativeniguryt | tgf dectaisnnel 1%hereim asgi@up
:3Sgiﬁgd by the Fg%f&gﬁgg% E%iil%ﬁﬁ?%ﬁ%lC%%*ﬁ?éﬁ%ﬁtgrg%gﬁﬁ¥ﬁ% %g§cgggf%rn1ner
132. Al ternative Havdingalsileosithys béxedyabled therein for admitting the
- additional number of subscriber units.
10 |
20. The circuitry of claim 1 wherein the levels of
the communication quality determined by said communication
quality determiner associated with each interference area
comprises utilization levels representétive of levels of
15 ongoing communication and wherein said admitter admits the -
additional subscriber unit when the utilization levels
determined by said determiner are within the threshold

level.

20 21. The circuitry of c¢laim 20 wherein the
utilization levels of selected channels upon which
communication is ongoing are weightéd and wherein said
admitter admits the additional subscriber unit when
weighted utilization levels determined by said determiner

25 are within the threshold level.

22. The circuitry of claim 1 wherein the at least
one interference area comprises a first interference area
encompassing a first set of cells defined by a first set

30 of radio base stations. and a second interference area

encompassing a second set of cells defined by a second set



to the 1"” de5| red. In another enbodi nent, 30 utilization
| evel s ar m”i’" corrpar ed agal nst a t hr eshol d.
WD. 97/ 28666 — PCT/ SE97/ 00129

-22- Utilization | rray al so be determ ned and then

sel ecti vel y \’éght ed. In such a Rep dlization of selected
channel s are gHIeeF Wi th a wei and the wdahCJYREST00129
th

utilization level is conpared ag reshold. For instance, the

nunber of ongoing calls can be deternlned as well as the call-type of
each of the ongoing calls. Certain of the call-types are nore heavily .
wei ghted than others. For exanple, a pagﬁgt-data cal | m ght be nore
heavi |y wei ghted than other types of calls 10 as a packet-data cal

mi ght generate sroraaker basaeétaﬂéms, whemﬁf@ﬁ@rg@lecma $R498! Sdse
summati on of ongoing calls can hen be divided by the nunber of calls

feasible wthi nSta':M>n dgy. Poaltmned)rlnnthﬂtberMe firet. ard t kecomdul t ant

val ue interference areas, and wherein said additional-call

admitter admits the additicnal subscriber unit when the
5 utilization levels determined by said communication
quality determiner at least one of the first and second
two interference areas, respectively, are within the

threshold level.

10 23. The circuitry of claim 1 wherein the threshold
level utilized by said additional-call admitter is of a
first value when an additional subscriber unit initiates

a new call with the selected radio base station. -

15 - 24. The circuitry of claim 23 wherein the threshold
level utilized by said additional-call admitter is of a
second value when the additional subscriber unit is in
communication with a radio base station of the radio base
stations and additional communications with the additional

20 subscriber unit are to be handed-off to the selected radio
base station.

25. The circuitry of claim 1 wherein the cellular
communication system compriseé a .Group Special Mcbile

25 communication system and wherein said communication
quality determiner determines levels of RxQual of the

ongoing communication.

26. Circuitry for selectively admitting at least one
30 additional remotely-positioned communication station to

comminicate with a selected network communication station



s |less value, an additional call is 15 permtted,

ot herw lmm HEE{ cal | is not permtted. Each el enent
132-1 t -Nsl s*operative to determ ne | evel s of comunication
qual ity of ongoing comuni cations in the interference area to which

t he elenment is coupled to receive information. I n gne. 20
enbodi ment, eal¥P&8fnt 132-1 through 132-n cal cul ates PCEFEP 01D

density functions responsive to the information supplied thereto.
Level s of comunication quality determ ned by the el ements 132-1

t hrough 132-n of the determner 132 are 25 supplied by way of |ines
138-1, 138-2, ... 138-nto an additiggal -call admtter 142. The
admtter 142 is operative to conpare the determ ned | evel s

det erm ned by in aheominamatsm‘tﬁkﬁsﬁdm aying3Atn legatnsinea ztét:mﬂtol d
val ue. Responsive to sych conparisons, ddi ti,onal - admtter

generates a deC|S?QWWQ¥15ﬁ5F°¥anqtﬁ€n14Ehe 5e ecﬁﬁ?d?qu?rguﬁﬁTT QiflPﬂe
radi o base stati ogeakidnBpéFable to communidfdtd’ 88 rently with a first

PCT/ SE97/ 00129
plurality of remotely-positioned communication stations,
5 said circuitry cémprising:

a determiner coupled to at least the selected
network communication stations, said determiner for
determining levels of communication quality between at
least the selected network stations and the first

10 plurality of remotely-positioned communication stations
in an interference area encompassing at least a geographic
area proximate to at least the selected network
communication station; and

an additional-call admitter cperative responsive

15 to determined levels of communication quality determined
by said determiner, said additional-call admitter for
admitting the at least one additional remotely-positioned
communication station to communicate with the selected
network communication device when the determined

20 communication levels of communication quality are better
than a threshold. '

27. A method for selectively permitting at least one

additional remotely-positicned communication station to

25 communicate with a network communication station operable

to communicate concurrently with a first plurality of

remotely-positioned communication stations, said method
comprising the steps of:

determining levels of communication quality of

30 communications between the network communication station

—_—

TG



fines the cell 114. The decision signal 1is an
| nd| cat. on ei qmu ﬂ] r"!,l m[n ssion, or deny adm ssion, of
addi ti onal cal ber units positioned . in the cell 114
and the radi o basé station 172. Wen a 5 request is made within the
cell 114 to place an additional call, the call is adnmtted, or denied
adm ssi on, WO ITRBspoNSsi ve to the val ue of the decision signetT/sEsmesas ed
on the line 144, In one enbodi ment, the additional-call admtter
142 10 generates a decision signal to admt an additional call

when any of the elenents 132-1 through 132-n generates a si gnal
which is greater than the threshold val ue. I n ot her enbodi nents,

t he val ues of the signals generated by 34~ all of the elements 132-1

OO bogi ! Sha end) RBLEL1Y Sposs tilAla | Mnh/HIBRRELE diliditnRnd 1h Ve!

ot her enbodi nents |na I ONns e va ues nus Setter
t han t he thres hpluraldltyeof communicat:.bnr sspetdris;e apid t he manner by
which the additional - ter 42 de erm nes whether to admt,
or to deny 20 adni ssi or?‘df“bglé#\“ g'}‘f" pl’iﬁi'}é’&%lﬁ PRE1tEened 14,

the decision is befmthifiofelstativatl itdNScdimiri®ak8Vlit®f the network
comuni cation quality of ongoing calls in areas positioned I n, and

about, the tel | Fqumunigaticns AeVECR; (whegn thee levels nefrb semaRnicAtian ent
call's permtted aifﬁ&cﬁgﬂerhaﬁedoﬁﬁrgﬁﬁ saﬂ@tsegﬁuéf d?term nanﬂé%f'thher

enbodi nents of the présent invention reshol d S zed by
the additional - chettewitihanca threshold level.

28. In a cellular communication system having at
10 least one radio base station operable to communicate
telephonically with a first plurality of subscriber units,
an improvement of circuitry for selectively permitting at
least one additional subscriber unit to communicate
telephonically with the radio base station, said circuitry

15 comprising: . '

a communication quality determiner for
determining levels of communication quality of
communication between the first plurality of subscriber
units and the radio base station; and

20 an additional-call admitter operative responsive
to times in which the levels of communication quality
determined by said communication quality determiner are
better than a threshold level, said additional-call
admitter for admitting the additioﬁal subscriber unit to

25 communicate with the radio base station.

-
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. 142 is dependent upon the type of call which m ght be requested to be

admtted in the cell 114. For instance, 30 a priority call, such as an
enmergency call, is admtted _ if the comrunication quality levels are
better than a WD 97/ 28666 _
PCT/ SE97/ 00129 - 24- first
t hreshol d, a hamM@9#4?8666f an ongoing call from anot her cdqT/SEQ7/00129
admtted if the | evels of comrunication quality are better than a
second threshold, and a request to admt a newcall is admtted if
the determned level 5 of conmmuni cafion quality is better than a third
t hr eshol d. Figure 5 iIIusﬂrq( a net hod, shown generally at
162, of operation of an enbodi ment of the present i nvention to
selectively admt additional calls in a cell of a cellular
communi cati on system 1 e nmethod 162 may, 10 for exanple, be effectuated
by the circuitry %00 d I bed wWth respect to Fi%ure 4.
2 1
) WS, FIG. 1 %
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Fi-rst, after start of the method, as indicated by the start bl ock
164, ongoing call signal characteristics are nmeasured, as indicated
by the block 166. The ongoing call 15 signal characteristics nay be
of characteristics i ndicative of levels of interference, carrier-to-.
interference levels, bit error rates, franme error rates, or ot her
reasur ed si gnalWORH%64% eri sti cs. Then, and as i ndi RETESEIHPIINe

bl ock 168, the 20 measur enent characteristics are provided to a :
call-quality determ ner, such as tje determ ner 132 shown in Figure
4. A determination is then nade2 #s 4 ndicated by the decision

bl ock 172, as to whether a call request” has been received. I f not,
the no branch is taken back to the bl ock 166. 25 Q herwi se, the yes
branch is taken to block 174 and the ongoing call quality is
determned. In the circuitry 100 illustrated in Figure 4, the ongoing
call quality is determ ned by a plurality of determning el enents, as
described previously with respect to Figure 4. 30 Thereafter, and
as indicated by the decision block 176, a determination is nmade as to
whet her the call WD 97/ 28666
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- 25- request is to request adm ssion of a newcall. If so, the

yes branch is taken to decision block 178, and a determnation is
made as to whether the call quality is better. than a first threshol d.
|f so, the yes branch is 5 taken and a new call is admtted. -
O herw se, the no branch is taken and adm ssion of the additional
call is e PERp666 If the no branch is taken fr NO1Z9
deci si on bl ock 176, a determ nati i st hen nade, as indicated by the
10 deci sion block 186, as to wheth ;ne call request is for a
hand- of f of an ongoing call at another/cell. If so, the yes branch is
taken to the decision block 188, anfd'J{;. 4 determination is made as to
whet her the call quality i bet t han a nd threshold. If so,
the yes branch is 15 t n t he o) 192, Andt e new call is
admi tted. O her wi €e 3t r dAg)the bl ock 194, and
the call is denied adm sso'tp the Ry 122 I f the no branch is
taken fromthe decisian.l —— el 30, éete ion is then nmade, as
i ndi cated by the 2@ dgci si g™t -Ilﬂﬁ S whet\aer the call quality
S better t}fa ird I&, [4 t9e vy b ch is
taken to the bl ofk /1 and £ a LA iRy call, is
adm tted. OIh@rav s o br t \ byfock 202, and the
call is deni edqg et /25 The N Neyhitf a decision to be
made as to ¢ bty niadudnt whaten ) {0}
' / / N4 i\
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whether to admt a call to the comunication system based upon the
comuni.cation quality levels of ongoing . communi cati ons. Because the
det.erm nation is based upon actual communication quality levels, a
premature rejection 30 of a request to admt an additional call can be
avoi ded. An conparing the determ ned conmuni cation I

WD 97/ 28666 Y skbles” P21 N0 PCT/ %97/00%%8"35‘;%“”‘”
- 26- | evel s agai nst several thresholds, requests for different
types of calls can be treated differently. In the various
enbodi ments of the present invention, 4}//qdditional users to a

mul ti-user comruni cation systemare ﬁgu not automatically precluded from
comuni cating by way of ( SRhe)E 0% uni cati on system once a presel ect ed
nunber of concurrent cggmuni cati ons has been reached. Instead, when
an additional user jattenpts tq comunicate by way of the mul ti-user

conmmuni cati on systgm |a ﬂ%ﬁﬁfhﬁﬁﬂ@n I s1é£ade
CALSIoNe |

CHARACTERISTICS FIG. 5

' 162
PROVIDE MEASURED | -168

CHARACTERISTICS
TO CALL-QUALITY
DETERMINER

172

HAS A CALL
REQUEST BEEN
RECI-'Z,IVED

DETERMINE ONGOING
CALL QUALITY 174

THAN A SECOND
DENY THRESHOLD ADMIT
ADMISSION ? - | PRIORITY CALL L
- 7 Y )
184 l - 198 DENY
ADMIT NEW ADMIT NEW ADM!SS]\ON
CALL CALL 202
7 | 7 y
182 192 DENY

ADMISSION 194




.def i ned by the fOI ! 9&” EEAEL@bm«EFn a cellul ar

WHAT | S° CLAI MEBFR

radio = base statloms t e §odbD1WESe SdnaturtilE

10 regarding the [evels of: cormunl ca n-gaalify of ongdiPrFU SE97/0C12
conmuni cat i ons. The deci si Hif a Al iD= ;

ctual communi cations CREPLACED SHEETE a S
’preﬁmﬂ mlmlmmrlﬁl&ce arbitrary, nunber. 15 The previ oﬁs
descrltp i ons 3reho preferred exanpl es EoBeacmp@néaqqerq Hggaged
i nvention, and the scope of the - i nv i Bhcia | d: nece '
limted by this descri ption. The g@ i) pafed Stsaagddy b—ﬂ

to comuni cate with subscriber units p05|t|oned“ mffhln ‘elfs flne by
t he radi o basebaseat sbasions, therpraﬂﬂé?ré?ﬁs%fs'-'(ﬁtrlaﬂst ﬂffﬂ&aneFé ?v%Tlg

adm.tting an

5

10

operable to communlcate with subscriber units pos1t10ned
w1th1n the cells defined by the radio base statlons, ‘an
1mprovement of circuitry for selectively admlttlng an

additional subscriber unit pos1tloned in a selected cell

to communicate with a selected radio base station which

defines the selected cell the selected cell defining a

portion of partially- overlapplng 1nterference areas, the

" interference areas each formed of a set of associated

15

20

25

30

—

cells, sald c1rcu1try comprising:

a plurallty' of communlcatlon. quallty' determiners
respectlvely associated with the partlally overlapplng
interference areas, each communication quality determiner
coupled to the radio base stations defining the cells of
the associated interference_area to receive indicatibns
of 6ngoing communications of eubscriber'units in the cells
of the. associated 1nterference area, each communicatien
quality determlner for determlnlng communication quallty
of ongoing communlcatlons of subscriber unlts within the
eells of the assoclated interference area; and

an additional-call admitter associated with the
selected cell and coupled to eech of said plurality of
comnunication quality.determiners, said additional-call
admltter for admlttlng the additional subscriber unit to.
communicate with the selected radio base station when at

least one of the communlcatlon quality de;ermlners

determines a communication quality that is better than a

threshold level of quality.

heet Has Been Re‘laced
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wth. a
setect
ar eas, ec

said ®ircuitry conprising: a-plurality of comunication quality

det erm ners

, each communi cation qual i t)ﬁ det er m ner coupled.to the
radi o base stations defining the cells of

fhe interference areas

associ ated therew'th 4 ndi cg{d Ogirf:ug:r fn%l%ﬁgmfﬂ' C%}ﬁl}ﬁns of subsciﬁﬁ)

units in the cells of the 1nterferen ared;, e

determner for demenmitatgidrevehapined®misi callosageadl i f¥r @eO NgPi Nhe
communi cati ons of _suhscriber unjits within the cells of the interference

i4at Pon®t q

ch™co

area associ ated ¢ 4%&?PF°@WHP1°atl°QN§Y%&Emt|Eha¥eéalB gxenptpﬁfcells

associated - withg

5

10

15

20

25

30

tﬁfﬁocated with a subset of the set of communlcatlon

channels, and wherein the interference areas are formed

~of cells which are allocated with the subset.

3. The c1rcu1try of «claim 1 wherein the

interference areas are formed of a plurallty of cells

'pOSltloned proximate to one another.

4. The c1rcu1try' of clalm 1 wherein a set of
communlcatlon channels is allocated for use by the
cellular communication system, a first subset of the set
allocated for use at the selected cell and a second subeet
of the set allocated fof use at a second set of cells, and
whefein the interference areas are formed of the selected

cell and selected_combinations of the second set of cells.

5. The circuitry of claim 1 wherein said
communication. quality' determiner. associated with.'each_
interference area is coupled to receive indications of

error rates of _the on901ng communications of the

.subscriber units within the cells of the interference area

aésociated therewith.

.'6.  The circuitry of claim 5 wherein the indications

of error rates comprise indications of bit error rates.

7. The circuitry of claim 5 wherein the indications

of error rates comprise indications of frame error rates.

AMENDED SHEET
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sel-ected cell and coupled to eachrof lrsar-ﬁh prl-ajr.-ai-\!.t_y zof] conmmuni "1 v
quality determ ners associated ~ W th interference areas of 5wj5n1398e
sel ectﬁ“’"ﬁ"ﬂl"ﬁ” ortion, said additional-call admtter for admtting
the ad MJﬁIE unit to communicate with the selected. _
level s Tadio'bade &tation when | evels of communication quality determ ned
by at | east one of the conmunication quallﬂx det er m nes coupled thereto is
better than a threshold |evel : - 28-
2. The circuitry of claim1l1 wherein a set of communi cati on channels
Is allocated for use by the - cellular conmunication system wherein

a_group of cells 8. | sSThe | cdxtadtwyt o slbmetl ofhéheisethefl ongoing
conmmuni cation 5 annels, and wherein_the interference areas are forned

of cells which %‘F’B““é%%%%’c%%ewcﬂ‘}‘ﬂrﬁéesuﬁ‘é@{l ink signals ggnergged by
circuitry of g@idpask stheishs déffhlng the cells of the interference

5 areas and wherein said communication quality determiner

associated with each interference area is coupled to

receive data related to the downlihk signals.

9. The circuitry of claim 1 wherein the ongoing

10 'communigations comprise uplink signals generated by the

subscriber .units positioned within the cells of the

interference areas and wherein said communication gquality

determiner lassociated with each interferencé area is
coupled to receive data related to the uplink si.gn.als.

10. The éircuitry of claim 1 wherein said

communication quality; determiner associated with each

interference area is coupled to receive data related to

‘the ongoing communications in the cells of ~ the

20 interference area, each of said communication quality

determiners'for determining a cumulative density function

responsive thereto.

11.  The circui-try of claim 1 wherein said
25  additional-call admitter admits the' additional subsc'r'iber'
unit when at least a selected percentage of the ongoing
communication w1th1n at least one of the 1nterference
areas of which the selected cell f_orms a portion is better
than the threshold level. -
30

This Sheet Has Been Replaced
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prOXI anot her . 4.~ The circurtry of clai er,
ax set ,m’lm ation channels is allocated for use ;?ét'%' ﬁéé]
a0

cel’l ul ar system a first subset of the set 15 al | ocated for
use at the select ed cell and a second subset of the set allocated for
use at a second set of cells, and - whgpein the interference areas are
formed of the selected cell and sel ected conbi nati ons of the second
set of cells. 20 12. The c1fgﬂitﬁyr6¥“éié&m(ﬁ wﬁeféﬂh theBefigULAarsai d
comuni cation quality determ ner associated with each I'nterference
area is coupledCPGmP@é§EWQOMnm¥§ﬂ§MNﬁnQﬁudes a wobbler awétchingheeotgai ng
conmuni cat i ons subscri ber un s within the cells of the '

i nt.erference ar %g‘dzg’%er%‘g‘soﬁ?ﬁeWWBP fon qu qualicy get%m“ﬁ’és and '
circuitry of cl %h'IH5aHa§EQbﬂalhéa1Ddé&:ﬁiﬂ:@é‘§ form Qréiftl‘?:ftféjrofr S roBARE! se

I ndications of bit error rates. - he circuitry OP claim5 -
wherei n th® i ndiswatiching centegf. error rates conprlse i ndi cations of frane
error rates. : . :

13. The circuitry of claim 1 wherein the cellular
communication syetem includes a base station controller
and wherein said communication quality determiners and

10 said additional-call admitter form portlons of the base

station controller

14. The circuitry of claim 1 wherein said
communication quality determiners comprise processing
- 15 circuitry having algorithms executable therein for

determining the communication quality.

15. The circuitry of claim 1 wherein the
communicatidn quality determined by each of said
20  communication quality determiners comprises utilization
levels representative of levels of ongoing communication-
and whereiﬁ said admitter admits the additional subscriberl
unit when a utilization level determined by at least one

of éaid determiners is better than the tﬁréshold level.

25
16. The ' circuitry of claim 15 wherein  the
utilization levels' pf selected channels upon which
communication is ongoing are weighted and wherein said
admitter édmits the additional subscriber upit when a
30 weighted utilization level détermined‘by at least one of
o said_determiners is better than the threshold level.
eet Has Been Replaced :
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29 Wl try of ﬁ'd;?afda;la-\@er‘él.ﬁ _Sal dicomuni P 3 % éfgobg,m

det er m ner th each’ ' coupl ed Lb5r

i ndi ca[uumﬂﬂ@mgw interference introduced during the ongoi ng
comuni subscriber units within the cells of the
interference area assom ated therewth. - 9. The circuitry of claim1

wherein said conmuni cation quality determ$3¢f associated with each
interference area is . coupled to receive indications of

carrier-to-interfered@e [Theel scintcubtiged ofuri efatime OIIQOIwIl&reln the :
comuni cations of the subscriber units within the cells of the-interference
area associ at ed*PREFERFERCe areas jgomprife @ r Edrsky Hft%nf@nﬁracemérean

the ongoing encompassing a first set of cells defined by a first set

of radio base stations and a second’ interference area

5 encompassing a second set of cells defined by a second set

of radio base stations, wherein the selected radio base

station defines a cell positioned in both the first and

second interference areas, and wherein said additional-

call admitter admits the additional subscriber unit.when

10 the communication quality determined by.said comﬁunication

quality determiner of.at least one of the first and second

interference 'éreas, respectively, is better than the.
threshold level. |

15 18. The circuitry of claim 1 wherein the threshold
level utilized by said addi'tional—_call admitter is of a
first value when an additional subscriber unit initiates

a new call with the selected radio base station.

20 19. The circuitry of claim 18 wherein the threshold
level utilized by said additional-call admitter is of a
second value when the addiﬁional subscriber unit is in
ongoing communication, and communications with the
additional subscribér unit are to be handed-off to the

25 selected radio basé station, and a hand-off of the ongoing

communications is requested.

20. The circuitry of claim 1 wherein said
communication quality determiner associated with each

30 interference area is coupled to receive indications of

levels of interference introduced during the ongoing

This Sheet Has Been Replaced
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. e e t) e n
commrmdownl i n& S 9&% ;oglgp%g\t Qd by radio % Ys? t'igc‘%gydlnég
def i ni Hmnﬁuﬂﬂmﬁum" |IEe i nter rein saidil

cenmuni term ner aSSOCIated with each interference area is
coupl ed to ¢ récefvesdata related to the downlink signals. 11. The
circuitry of claim1 wherein the ongoing conmunications conprise uplink
signals generated by the subscriber unitszpositioned within the cells of
the interference areas. and wherein said communication quality detern ner

associ ated wi t hcommiini GA€1605 eBECtRRCBUbSCcreBUR! Qdikd WAGHIYE Rl acéfi@t ed
to.-the uplink 5| nal s.

the interference area assoc1ated therewith.

'21. The _circﬁitry of claim 1 -wherein séid
5 communication qﬁality' determiner associated with each
interference area is coupled to receive ihdications of
carrier-to-interference leﬁels introduced during the
ongoing communications of the subscriber units within the
cells of the interference area associated therewith.
10 | |
22. The circuitry of claim 1 Qherein. said’
addltlonal call admitter comprlses processing circuitry
having algorithms executable therein for admlttlng the
additional number of subscrlber units.
15 - |
23. The circuitry of claim 1 wherein the celiular
communication system comprises a Group Special Mbbile
communication system and wherein said communication
quality determiners determine levels of RxQual of the

20 ongoing communication.

24; A.method for selectlvely permitting at least one
addltlonal remotely-positioned communication station
positioned in a selected cell to communicate with a

25 - selected network communication station which defines the
selected cell, the selected network communication s;ation

-operable to cdmmunicate concurrently with remotely-
poéitioned communication stations, wherein the selected

‘network communication station is one of a plurality of

30 network communication.stations which define respective
.~ _cells, the selected cell forming a portion of partially-

eet Has Been Rep|laced .
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S

i nterférehcet ar h of said comunication quality determners for
determining a cunul ative density function responsive thereto. 13.
The <circuitry of <claim 1 wherein saig, additional-call admtter

adm ts the additional subspr{ber unit when"at |east a se!ected per cent age
O he ot STPIMERARY St il 0L LBh L8 SRR

portion is bett®r sathanft hesboiaskd tdlasl . said method comprising the

o steps of: | |

for each of the pa;tially-overlapping

5 interference areas, determining communication quality of

: ongoing_commuhicatibns.between'the network gommuhication

- stations and'remotely-positibnéd communication stations

within the cells of the interference area; and .

admitting the additional remotely-positioned

10 communication station to -communicate with the selected

network communication station when the 'commﬁnication

quality determined for at least one of the interference

areas is better than a thréshold level of quality.

- ——
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147 TF The—cirreutrtry—of—¢ctaim 1l wherein the cellul

|nclud hing center and whereir
deternﬁi mﬂm ’rmi dditional -call admtter @l/

switchimg centem s " 15 The circuitry of
communi cation systemincludes a base station cg
communi cation quality determ ners and sattt add
portions of the base station controller.

ar wmmmT SRERYS! €Ny
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WHAT IS CLAIMED IS:

itional-calfl
DATE OF RECEIPT 26'2~qﬁ...

1. In a cellular communication system having radlo
base stations, the radio base stations defining cells and
operable to communicate with subscriber units positioned
within +ke- cells defined by the radio base stations, an
improvement of circuitry for selectively admitting an
additional subscriber unit positioned in a selected cell
to communicate with a selected radio base station which
defines the selected cell, the selected cell defining a
portion of partially-overlapping interference areas, the
interference areas each formed of a set of associated
cells, said circuitry comprising:

a plurality of communication quality determiners

-respectively—asgociated—with—the—partially—everlapping—

4ntexrference—areas, each communication quality determiner

coupled to the radio base stations defining the cells of

' ) s_asgociated therewith,
the asseeiated interferenceja¥es~ LO receive 1nd1 ons

of ongoing communications of subscriber units in the cells

of the asseciated- interference area, each communication

levels of

quality determiner for determiningjcommunication quality

of ongoing communications of subscriber units within the

. . associated therewith
cells of the =asseeiated- interference aresgy; and

an additional-call

admitter associated with fhe

selected cell and coupled to each of said plurality

communication quality determiners associated W

of
ith

interference areas of which the selected cell forms

a

ion said additional-call admitter for admitting the

additional subscriber unit to communicate with the selected

levels

radio base station whenAae—éeasE—eﬁe of &he communication

one of the

determines ¢ gugl%d
qual1tyAée%esm&&eﬁ&*kﬁﬁﬂm&aes—awcommunlcatlon qualltyﬁ

reto
AlS better than a threshold level ef—guality

26 FEB 1999
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-3 : 16 The circuitry of claim 1 wherein said
conmmuni cat i on quE' H!ﬁ determ ners conpri se processing circuitry having

al mm‘lmlltmﬁ therein for determ ning the levels of the
co

17. The circuitry of claim1 wherein said

additional- <call admtter conpri ses processing circuitry havi ng
al gorithns executable therein for admtting the additional nunber of
subscri ber units. 18 18. T@8- circuitry of <claim 1

wherein the levels of the communication quality determ ned by each of
said communi cation quality determ ners cqnprises utjlizajion |evels |
representative of®f e$ng %‘FCBﬁQWanC&WH)éatYWe%dS%%r gPpmygigation

adm tter adnphslihie @ddethodt SIRSCIdRRI with each interference area is
coupled to receive indications of 1levels of interference
introduced during the ongoing communicétions of the
subscriber units within the cells of the interference area

associated therewith.

9. The circuitry of claim 1 wherein said communication
quality determiner associated with each interference area is .
coupled to receive indications of carrier-to-interference
levels introduced during the ongoing communications of the
subscriber units within the cells of the interference area

associated therewith.

10 claim
ﬂ{ The circuitry of petam 1 wherein the ongoing

communications comprise downlink signals generated by
radio base stations defining the cells of the interference
areas and wherein said communication quality determiner
associated with each. interference area 1is coupled to
receive data related to the downlink signals.

11

;E. The circuitry of claim 1 wherein the ongoing
communications comprise uplink signals generated by the
subscriber units positioned within the cells of the
interference areas and wherein said communication quality
determiner associated with each interference area is

coupled to receive data related to the uplink signals.

| 26 FEB 1999
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unit when the utitization | evels determned by at |east one of said
deteummml ' i bl t he threshol d | evel. 19. The <circuitry of
cl ai “ﬂmm ,mhe utilization | evels of selected channels upon which
comuni chti'on % s songoi ng are wei ghted and wherein said adm tter admts

t he additional subscriber unit when weighted utilization |evels

determ ned by at |east one of said determqpers is within the threshold

| evel . - 32- 20. The circuitry of
claim 1 wherein the interference area conprise a first interference
area enconpassi ng,3 first set of cells defined by a first set

0. The circuitry of <claim 1 wherein said
communication quality determiner associated with each
interference area is coupled to receive data related to
the ongoing communications in the cells of the
interference area, each of said communication quality
determiners for determining a cumulative density function

responsive thereto.

13

3. The circuitry of claim 1 wherein said
additional-call admitter admits the additional subscriber
unit when at least a selected pércentage of the ongoing
communication within at least one of the interference

associated therewith
areas of which the seleected cellforms a portion is better

than the threshold level.

14
12" The circuitry of claim 1 wherein the cellular

communication system includes a mobile switching center
and wherein said communication quality determiners and
said additional-call admitter form portions of the mobile

switching center.

1

———

_1%. The circuitry of claim 1 wherein the cellular
communication system includes a base station controllerxr
and wherein said communication quality determiners and
said additional-call admitter form portions of the base

station controller.

26 FEB 1999
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of radi-e—base—stattons-and a second interference area enconpassing a

seco t fined by a second set of radio base stations,
V\herqmﬂidmgnﬁmﬁﬂradl 0 base station defines a cell positioned ih both
the fi¥sSic and mse€o i nterference areas, and wherein said additional -

call admtter admts the additional subscriber unit when the utilization

| evel s determ ned by said communication quality determ ner of at |east one
of the first and second two interferencesareas, respectively, is wthin
the threshold |evel. 21. The circuitry of claim1l wherein the

t hreshol d | evel utilized by said additional-call admtter is of a first
val ue when an additjlénal subscriber unit initiates a newcall with the
sel ected radi o basg#!atTi®. circuitrg?. ofinecthifui t1y Qhegb@hm Zlaidperein
the threshold

communication quality determiners comprise processing
circuitry having algorithms executable therein for

. Jlevels of the
determining the,communication quality.

17. The circuitry of claim 1 wherein said additional-

call admitter comprises processing circuitry having

algorithms executable therein for admitting the additional

pumber of subscriber units.

| ot

8

I

&

- The circuitry of «claim 1 wherein the

levels of the .

Acommunication quality determined by each of said
communication quality determiners comprises utilization
levels representative of levels of ongoing communication
and wherein said admitter admits the additional subscriber

. levels
unit when g?utllizationﬁlevel-determined by at least one

of said determiners isAbégggggéhan-the threshold level.

18
t%ﬁ The circuitry of claim 35 wherein the

utilization 1levels of selected channels upon which
communication is ongoing are weighted and wherein said
admitter admits the additional subscriber unit when y-g

. . leveéls
weighted utilizationtewed determined by at least one of

. . within
said determiners isAbeeeer—ehaﬁ-the threshold level.

; 26 Fep 1999
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I said additional -call admtter is of a second val ue when

' ti+ized by sai
the |m mm\m“ ctiber unit is in ongoi ng conmmuni cation/ and
J::o _ &\ \ t he addi ti onal subscriber unit are to be handed-of f
0

tale ¢ sel Bct®d radi o base station, 20. The circuitry of
claim 1 wherein said comuni cation qugjity determner associated wth
each interference@rea is coupled to receive indications of | evel s of

interference intrQ@g#cedrhgluricigcuhiergngobfig claim 1  wherein the
-33- conmmuni cations of the subscriber units within the cell
interference areag comprise a first 1interference area
encompassing a first set of cells defined by a first set
of radio base stations and a second interference area
encompassing a second set of cells defined by a second set
of radio base stations, wherein the selected radio base
station defines a cell positioned in both the first and
second interference areas, and wherein said additional-
cal&_a@mit?er admits. the additional subscriber unit when
tH%fééiﬁggigggigggéiﬂéﬁabdetermined by said communication
quality determiner of at least one of the first and second
Iwo i ) within
Alnterference areas, respectively, 1is Abe%éefh—ehaﬁ- the
threshold level.
21,
38&. The circuitry of claim 1 wherein the threshold
level utilized by said additional-call admitter is of a
first value when an additional subscriber unit initiates
a new call with the selected radio base station.
21
fﬁ? The circuitry of claim L8 wherein the threshold
level utilized by said additional-call admitter ?s of a
second value when the additional subscriber unit is in
ongoing communicatioq/’ and communications with the
additional subscriber unit are to be handed-off to the

selected radio base station,—and-a—hand-off—ef-the—ongeinyg

-G-Gmma-ﬂi.—ea'&eﬁ'. 3 S"—i' S"feq&eseed.

20. The «circuitry of «claim 1

communication quality determine Ssociated with each

interference are Coupled to receive indications of

of interference introduced during the ongoing
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of the—interference—area associ ated therewith. 21. The circuitry

of «cl said conmmunicati-on quality determ ner associ ated
WI t h m{m““ |““§mi l“le area is coupl éd to receive indications of
@I ntenfesence levels introduced during the ongoing
cormunl cations of the subscriber units33mthin the cells of the
I nterference area associated therew th. 22. The circuitry
claim 1 whefeMfunigagiongdiedi ¢he swmqrikes Wit onpvh bestipe oced
circuitr haykn X a b [ ad tting t
additiongtl ré% ghe ﬂlg%%%%l?mﬁcg S%%g Q 8ot SE%@ tIiL%e Crréuitryof claim1
wherein the ceI I uI ar comuni cation system conprises a G ouppecial Mbile
comuni cati on system and wherein said conmuni cati on quali determ ners
determine | evel s oRPlRx(lhe ofcigpuitry of claim 1 erein said

communication quality determiner ass

pf

iated with each
interference area is coupled to teive indications of
carrier-to-interference leve introduced during the
ongoing communications of e subscriber units within the
cells of the interfererfice area associated therewith.

circuitry of claim 1 wherein said

ditional number of subscriber units.

23. The circuitry of claim 1 wherein the cellular
communication system comprises a Group Special Mobile
communication system and wherein said communication
quality determiners determine levels of RxQual of the

ongoing communication.

24. A method for selectively permitting at least one
additional remotely-positioned communication station
positioned in a selected cell to communicate with a
selected network communication station which defines the
selected cell, the-seéeeéed-network_communicat;on station
operable to communicate concd%i%%ﬁ%§7n%%ﬁﬁ%i%¥§£§%ely-
positioned communication stations, wherein the selected
network communication station is one of a plurality of

+gach defining a
network communication stations, which—define—xespeetive—

cells, the selected cell forming a portion of partially-
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S

ongoi ng co ication. Mjm. A method for selectively pernitting at

| east one a mmmn \ﬁm -posi ti oned conmuni cation station positioned
in a selecte

cate with a selected network conmunication
station which tlefinés the selected cell, the network communication station
operable to comunicate concurrently with a first plurality of renotely-
posi tioned conmuni cation stations, the selected network comrunication
station is one of a plurality of netvvor% comuni cation stations each
defining a cells, the selected cell forfing a portion of partially-

overlapping interference areas, said method comprising the
steps of

determining levels of communication quality of
ongoing communications between the network communication
stations and remotely-positioned communication stations of
the first plurality of communication stations within cells of
each of the interference areas of which the selected cell
forms a portion; and

admitting the additional remotely-positioned
communication station to communicate with the selected
network communication station when the levels of
communication quality determined during said step of
determining in at least one of the interference areas is

better than a threshold level.
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-34- overl apping interference areas, said method conprisi ngo}g@&%%ﬁf’é
determ ning levels of comunication quality of ongoing

commnl .cati ons between the network commruni cati on stati ons and e RTM: cofy
renot el y- posi ti oned conmuni cation stations of the first plur a8 oi,ge,a
M oS of

conmuni cati on st MS W t hin O%\DI S mﬁh&i&qh%ﬁrferenc Rl
[ | '"B'??Ec'dm

whi ch the sel ect formra P adnmitting  t h&nnexes ¥+

addi ti onal porsiRiARIGNAL %&ﬁbﬁ@@ﬁ%ﬂ%mim@WmMH woTT e

the SE| .,Ct ec ) YO uuulllul —coer—oT aC T OTT BAA=AL L 11c revel

conmuni (@& Mé’?‘ﬁ"ﬁ}""'ﬂ‘@?"@rm ned dur r@“"‘%ﬁ“’ﬂ""@?ﬂ”“ﬂ?‘”ﬂ‘eterm rgqsﬁ“
at | east oM04Q73A8h#22 nterference areddy d?%l-.ﬁ&o.&%amtﬂ{eﬁshObﬂugLsEié?i(oms.m
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(57) Abstract

Circuitry (22), and an associated method (162) for a multi- _
user communication system (10), such as a cellular communication - Ll .
system.  Additional communication is selectively permitted in the ™)
communication system through operation of the circuitry (22). Levels of
communication quality of ongoing communication in the communication " -
system are determined (24). When a request is made to admit additional lhert e
communication, the additional communication is admitted (28) only when
the level of communication quality is better than a selected threshold.
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