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METHOD AND APPARATUS FOR NAINTAINING CALL QUALITY IN A
COVMUNI CATI ON SYSTEM 5 Field of the Invention

The present invention relates generally to mtigating |nterference in
a comuni cat iWA9%IEWem and, in particular, to mai nt ai RERYSWAP#Oquality
I n a communi cati on system 10 Background of the

| nventi on Conmuni cati on systens are known to conprise a
plurality of base sites that provide comunication services to
communi cation 15 wunits located in correspondi ng service coverage areas of
t he base sites. One knomn communi catlon systemis a cellular

comuni cati on * % wRﬁWAm@é'
Comuni cat i ons (GS Sy on un| t (e.g.,
a nobile or portabIéU Sf&@‘%&ﬁm&l Mormuni cat e

sends a channel 2 0 request S|gnal to a base site serving the coverage
area in which the comuni cation unit resides. Upon receiving the
channel reques# 'signal, the ﬁprvi biﬁe ite allocates a

conmuni cati on fesource for t hee ' The conmuni cati on
resource conprises a coordinated pair of time slots and frequencies

(i.e., afirst tinme slpheapresent memidmkremesugaﬁaraand o JaNPeatiag me sl ot

Cuppor 15t ransm SSHERENMcs: in i cbrimbun{Ehie syen, i Barip@ets i g

base site; Wnereamammmlngn&llgu%htyanacommunmtlanmstmk frequency supports

transm ssi onsggrom t he servi ng base site to the conmunication unit.
30 Upon al l ocating thg E]%Hyl‘i‘dﬁﬁﬂé)ﬁv'éﬁﬁ yrce, the base site
sends a channel designation S|gnaF connunlcaglon unit via a

common control channel. The channel designation signal contains t he
uplink tinme slot and fCequmnugatmrhsysde:mlamknownaowmnpamja:muralmeqﬁency,

and the transnmit payekite thitrovide dombninieaion isbrvices to communication
15 units located in corresponding service coverage areas of the base
sites. One known communication system is a cellular communication
system, such as the Global System for Mobile Communications
(GSM). In the GSM system, a communication unit (e.g., a mobile or
portabie radiotelephone) that desires to communicate sends a channel
20 - request signal to a base site serving the coverage area in which the
communication unit resides. Upon receiving the channel request
signal, the serving base site aliocates a communication resource for
the communication. The communication resource comprises a
coordinated pair of time slots and frequencies (i.c., a first time slot at
25 an uplink frequency and a second time slot at a downlink frequency).
. The time slot at the uplink frequency supports transmissions from the
communication unit to the serving base site; whereas, the time slot at
the downlink frequency supports transmissions from the serving base

site to the communication unit.

30

Upon allocating the communication resource, the base site
sends a channel designation signal to the communication unit via a
common control channel. The channel designation signal contains
the uplink time slot and frequency, the downlink time slot and
35 frequency, and the transmit power for the communication unit.
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2 Upon receiving the channel designation signal, the comunication
unit tunes its transmtter and receiver to the designated tine slots and
frequenci es and begi ns communi cating with a tel ephone network

subscri ber wo9msetdsher communi cation unit via the servi ngPoasies6ns2e.

During a typical comrunication, the comunication unit noves

t hr oughout the coverage area of the serving base site and the serving
base site nonitors a signal quality nmetric (e.g., received si gnal
strength indication (RSSI)) of the communication unit's uplink 10

comuni cation signal. To account for chapges in RSSI as the

comruni cation unit noves, the serving base site w |l issue conmands
directing the cHpenreesiving thenchannel idesignationsignalc thex cemmunication

gormun: Icatlon tmmlthme‘srlwmnsint inerand eeceiver toahel dasipasted timdslots zundf .
ypically, as | e
serving base si {?Sqﬁé’f‘v%%ﬂ;séﬁ befind' ComeiRiEALhE %‘3&@*’%@?@@ network’

communi cat i on LSABRSCHBER@F A &W&@Wﬂ%@ﬁ%?s?w&&ﬁ%@%ﬁe must -
be increased to account for an increase in path |osses between t he
serving base site a q_q;,ﬁ S transmt
power has the poten?g“ﬂtlﬁg ere %ﬁp et‘fon, Fnﬁ?@mlﬂﬁéﬁio@ thit

comuni cati on sTONE? ﬂé‘l"“ﬁﬁ%" g OvEfa g&r?’ﬁﬁ géﬁg B?Aﬂ d the
frequency bei ngserving basamuermonhaﬁeasslgaa quahtygmmea(e grhaecam;dt he

hi gher p0\tNer trﬁ ﬂﬁfdr@ﬂxﬁidlédlﬁtfékﬁr']s!))éﬁiheoébﬂﬂuhw%ﬁ@nﬁﬂﬁt@s thcan
i ncrease co n nne e ot her
cover age andh scounussio AT 78 Redng R #&%ﬁg‘ﬁsg%ﬁ servi ng
t hat coverage aqa@gmumcanon umtmoxeamlmpwm sgsatevidl lﬁsqeitgwmmg % he
mcrease;:l cochadirettingdthe commupizatioh ahitntelincréasef or &m:ﬁeasgt ll}??luceﬂ by
an interfering or hand-off, the
comuni cati on cortmuf uWh&?{ keiﬁin‘g’d“&t edrgfdelgegédvmgﬁ%es This technique is
described in . detail in GSM Recommendati on 05.08. Although this

t echni que dah Eynically.cisythei commupicationayrfic noves torthe peziphete, t he
conmmuni cation of the $Biving Bask NGtet Boverage ared, ihectrinsrhit PoWenoe the be a

potential interfghGiunication unit as well as the transmit power of the base site

must be increased to account for an increase in path losses between
the serving base site and the communication unit. This increased

20 transmit power has the potential to interfere with an uplink/downlink
communication signal at the same, or an adjacent, uplink/downlink
frequency being used in another base site coverage area. That is, the
higher power transmission of the communication unit and base site
can increase the cochannel or adjacent channel interference in the

25 other coverage area as viewed by the communication unit or base site
serving that coverage area.

A known technique for mitigating the increased cochannel and

adjacent channel interference introduced by an interfering

30 communication unit is to reassign, or hand-off, the communication
unit that is being interfered with. This technique is described in
detail in GSM Recommendation 05.08. Although this technique can
adequately mitigate the effect of interference, the communication

unit causing the interference will continue to be a potential interferer

35 with any uplink/downlink communication signals at the same, or an



35 wth any uplink/downlink conmunication signals at the sanme, or an
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3 adj acent, uplink/downlink frequencies assigned in other base site
coverage areas. Therefore, a need exists for a method and
appar at us foWO%286t | gating i nterference produced by a coREHE$AMEHN uni t
that wll | essen the chance that the conmmunication unit will continue
to-be a potential interferer. 10 Brief Description
of the Draw ngs FIG 1 illustrates a communication systemin
accordance with a preferred enbodi nent of the present invention. 15
FIG 2 illustrates a block diagram of a cogmunication unit in

accordance with a referreij odi n of the presen'a i nventi.on,

FIG 3 illustrat ﬁc%tolz‘? Bﬁ&%“gﬂf gqggggeg,a(sglgnﬁ &'(Té esite  in
a preferred enbodcoveragecdreasie present invention. 20 FIG 4
Illustrates a logic flow diagram of steps executed by a base site and

a comruni cation unit | gr d e W ef e of the
present invention. 2 eref%re, % ﬁﬁf‘wﬁ ?t?u@(’ %t@é&'gdl 8 f‘c W&ng ram of
st eps execut ed bymitigating imterference produced bsbmmmumcanonmmt ﬂﬁtaﬂﬁr dance
with a first lessenl hiendHanye theathihe i conmiunication mhewﬂhtonﬁwwto bea

FIG 6 illustrate otgnhglgigg rgér%)évedl agram of steps executed by a 3 0

conmmruni cation uniX Tn ac with a second alternative enbodi nent
of the present invention. FIG 7 illustrates a logic flow
di agram of steps executed by a

10 Brief Description of the Drawings

FIG. 1 illustrates a communication system in accordance with a
preferred embodiment of the present invention.

15 FIG. 2 illustrates a block diagram of a communication unit in
accordance with a preferred embodiment of the present invention.

FIG. 3 illustrates a block diagram of a base site in accordance
with a preferred embodiment of the present invention.

20
FIG. 4 illustrates a logic flow diagram of steps executed by a
base site and 2 communication unit in accordance with 2 preferred
embodiment of the present invention.
25 FIG. 5 illustrates a logic flow diagram of steps executed by a

base site and a communication unit in accordance with a first
alternative embodiment of the present invention.

FIG. 6 illustrates a logic flow diagram of steps executed by a
30 communication unit in accordance with a second alternative
embodiment of the present invention.

FIG. 7 illustrates a logic flow diagram of steps executed by a
communication unit in a third alternative embodiment of the present
35 invention.
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FIG 8 illustrates a cellular coverage area using sinultaneous

mul ti -1 evel worassipatterns in accordance with a preferredpcrusssnsmpdodi nent
of the present invention. 5 Description of a
Preferred Enbodi nent 10 The present invention |essens the chance
that a comuni cation unit will continue to be a potential interferer
by conmmuni cati ng bet ween a base site and a communication unit on a
fiTst channel. The _ conmuni cati on ur]li t nmonitors the downlink

comuni cati on signal transmtted by the base site and determ nes a

characteristic of the 1 5 first channel: The conmuni catio_n unit is then
handed off to a SeCO'F!G.Sillust?di@d“ﬁ‘%llﬁﬁi’baﬁerﬁgéﬁfe%ﬁﬂ%ﬁﬁﬁﬁl@eﬁﬁb‘se
&

pattern, based on th characteristic of "the f hannel .
Conerally. the dRulsievel s BABERS B rsotdante stHfa mEET > 0 betveen a

first site and zmbediment of thenpresént inventian.r st channel , wher e t he
first channels is associated with a first group of channels. Next, the
communi cation unit nonitors a second channel transmtted froma
second site and determ nes a characteristic of the second channel .
Finally, the communi cati on Rgscriptian of #Breferred Embodiment g 2 5 channel
based on the characteristic of the second channel, where the third
channel associated with a second group of channels having a | ess

aggressi ve reuse pattern than.the first grqu f channel s. .. In
an al ternatinN® enbodi m@%&%ﬁ%k&%ﬁ?@#ﬁ%@ 3 GOMIMHEANIYt i ng

between a first unitavil continge 4o rbebial potential émtesferen by communi¢ating:| , where
the first channeperiveen dHasé Sitdahd alontihithRafibn BNRRVIEA first channel. The
communication unit monitors the downlink communication signal
transmitted by the base site and determines a characteristic of the
15 first channel. The communication unit is then handed off to a second
channel having a less aggressive reuse pattern, based on the
characteristic of the first channel.

Generally, the present invention encompasses communicating
20 Dbetween a first site and a communication unit on a first channel,
where the first channel is associated with a first group of channels.
Next, the communication unit monitors a second channel transmitted
from a second site and determines a characteristic of the second
channel. Finally, the communication unit is transferred to a third
25 channel based on the characteristic of the second channel, where the
third channel associated with a second group of channels having a

less aggressive reuse pattern than the first group of channels.

In an alternative embodiment, the invention encompasses

30 communicating between a first base site and a mobile unit on a first
channel, where the first channel resides in a first group of channels.
Next, the base site monitors a second channel transmitted from a
second base site, where the second channel resides in the first group

of channels. Next, the base site determines a characteristic of the

35 second channel and finally hands off the mobile unit to a third



Next, the base site nonitors a second channel transmtted froma

second base site, where the second channel resides in the first group

of channels. Next, the base site deternmnes a characteristic of the 3 5
second channel and finally hands off the nobile unit to a third '
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5 channel based on the characteristic of the second channel, where the
third channel resides in a second group of channels said second group

of channels having a | ess aggressive reuse pattern than the first group

of channels. 5 The present invention can be nore fully
described with reference to FIGs. 1-7swherein |ike nunerals designate

i ke conmponent s. G Jlillustrates a c ni catd gn_syst 1 in
accor dance wi th a&Eﬂ"@FEhﬁﬁl s EhArActEgstic Hg”%uﬁefé’ﬂfl ‘?(}ﬁ%%'f wijere %83 The
comuni cati on systhird clemnehreisides dn a sccondigroup off chanpelssatdsscond group 105

havi ng respecti V?oﬁ&ﬂﬂ&hlﬁiﬁﬁéﬁﬁ@sﬁ%@&sﬂéﬁeﬁépmm tieafitst group of
conmuni cati on uni his l&é@leﬂ]d 114. As shown, communication unit 113 1is
conmuni cating wt ) Sfte 101 via uplink comrunication signal 119
and base site 301 is commnicating with comunication 1 5 unit 113 via

downl i nk comuni cat i orilise¢ predent Linvefition! aan ybe more follyniescritedonvitini t 114
|5 COMMuUNi Cati NG Yk RAS o SFIGs. 1927 Vinherein kP hiuiierfR Rl Bk 9na
121 and base site 'S CO |clati ns% w t h gonmmuni catd o nit 114

vi a downl i nk comfemPancys. SFS&&I illustrates @ commpricanion syste i Hent, the
communi cati on sysaesordaice?&ithna\preferredeembptiimerteofatheaprdsent invedtiont al

Service (v doyapk tommunicarfféhiem 100 ndladed s pRMARCOELAB JLF 100000
the United Stat esibg%"mﬁrﬁmﬂw&@ﬁf‘ﬁ%f’oﬁ% &ggH'ﬂélfcgﬂéD’?%gé’ syst ens
are descr i beficommunicatiogymits @ and 11 Assbews; communieation it cat i ons
25 Associ ation | pt3ids cymnimicatingSwithdbase site 101Svizduplilo commigniieation

ni i on uni ks : : :
s b ! Bl 19 ke e RISH RO ) oicndl
respect i vel y.133ounit 113 V'aogpmtlm# ﬁmmgn%mﬂnﬁmfm ysOuRilagy. i n
accordance communication unit 114 is communicating with base site 105 via
uplink communication signal 121 and base site 105 is communicating
with communication unit 114 via downlink communication signal
118. In a preferred embodiment, the communication system 100
20 may, for example, be an analog or digital cellular communication
system, such as the Advanced Mobile Phone Service (AMPS) system,
the Personal Digital Cellular (PDC) system, or the United States
Digital Cellular (USDC) (GSM, USDC and AMPS systems are
described in Electronic Industries Association/Telecommunications
25 Association Industry Interim Standard 54 (IS-54). An exemplary
communication unit (¢.g., 113) and an exemplary base site (e.g., 101)
are described in detail below with regard to FIGs. 2 and 3,
respectively.

30 Operation of the communication system 100 in accordance
with a preferred embodiment of the present invention occurs as
follows. Communication unit 113, while communicating with
serving base site 101, monitors a downlink communication signal 118
transmitted by a distant base site 105. In the preferred embodiment,

35 the distant base site 105 is assigned to receive uplink traffic channel



with a preferred enbodi nent of the present invention occurs as

foll ows. Conmunication unit 113, while conmunicating with servi ng
base site 101, nonitors a downlink comuni cation signal 118

transmtted by a distant base site 105. In the preferred enbodinent, 3 5
t he di stant wagmsewte 105 is assigned to receive uplink tretissnsizannel
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6 : frequencies that are either identical to, or adjacent to, the
upl i nk traffic channel frequencies assigned for reception by the
serving base site 101. The downlink conmunication signal 118
preferably is a control signal thatgincludes the identity of the
di stant base site 105. 5 The connunlcatlon unit 113 then determ nes a

characteristic drequenciessthat are gither| idegticalrto, s adiagentnto, dbertiplinkat i on
signal 118. In araffic chaphelf frequeshcivstusig mﬂtfoi fecepﬁbnbtherseﬁﬁngbage a

recei ved signal r t nitoring

t he control chansri{eel fg? hl"he dokvﬂlﬂg &?‘tuh[ base gﬁﬂ rgl{l?%@

al ternate enbodiGAmeolsignal shat ing t ?l’é@’?‘b‘y stant pase-sitg 103, b| t '
error rate (BER Tha commmnication wnitsli3e theat deterfiithes a chamcteristio of

interference rat r

addition, the doﬂvﬁﬂcﬁdﬁ”hg f(?e@? d(lheﬁh cc;x:::ﬁgni&ﬁhﬁﬁ sri%f’;ldbq mtfé;b% r t he
serving cel | trdf “fd!?'ﬂ ved

si gnal strengt h indivationi(B$SIRdSeymined fromi monitering the conta@lecl(an&ei)qf a frane
erasure {at e (FERe distafi@badecsitd Qols Howéevergir aﬁeamendtetembdﬁhbht a t
carrier to se n ni cation
unit 113. Tﬂgi co ‘thgg%ﬁ?éﬁp‘%? b% ?éiatedltfsa?lﬁg%g{‘ﬁr 'gaq? R?F‘tg} i stic of
si gnal usabi | i t yerasurg ratex@ER ). & carrier to interference, gatiy {E/1; er210a1ri¢h 4 t he
upl i nk- conmuni caol nmselml (@M. 11 addition, the domlm:echamgtebﬁsle ofte 101

recei ves the upI C gggm
characteristic l ;i gggéﬂ &g servm Ehﬂrﬁiffﬂcl esﬁgl gfor t he
di stant base si t@%ﬁgsm% a (TREcINp f%gpaeldstren th gi)h Ylity

t hreshol d i d & heerros|ratevEBER)ata Framec erasaseorate (BEBr), i cagrieedtpat h | 0ss

Pﬁt wgen thg commwﬁafenee ratio (CA))i ér hl&aﬁi%d tfohfRoisesiatit (QASR iSial®d 1g5 or
e desired pa ol
servi ng base si tggﬁm ?Wﬁgmuni%ﬁg ? a% asbié)g%ﬂﬂmuhéﬁ?nusabl lity
exceeds the thre the.¢ ragtensnc of sign us 1ty (e.g th

serving base slte 101 via the uplink communication signal 119.

20
The serving base site 101 receives the uplink communication
signal 119 and compares the characteristic of signal usability to a
usability threshold for the distant base site 105. In the preferred
embodiment, the usability threshold is the RSSI level that
25 corresponds to an undesired path loss between the communication
unit 113 and the distant base site 105 or the desired path loss between
the communication unit 113 and the serving base site 101. When the
characteristic of signal usability exceeds the threshold, the serving
base site 101 estimates a signal-to-noise ratio, as viewed by the
30 distant base site 105, for the uplink communication signal 121
transmitted by the communication unit 114 being served by the
distant base site 1085,

The signal-to-noise ratio is estimated by first determining a
35 signal propagation loss (i.e., path loss) between the distant base site



base site 101 estinmates a signal-to-noise ratio, as viewed by the 30
di stant base site 105, for the uplink conmmunication signal 121

transmtted by the conmuni cation unit 114 being served by the di st ant
base site 105. The signal -t o-noi se ratio is estimated by first
det ermi ni ng WOP72868¢ gnal propagation loss (i.e., path | osFCTHEHMR t he

di stant base site WO 97/ 28619

PCT/ US96/ 19420 7 105 and the
comuni cation unit 113 over the path 123 therebetween. In this

estimation, the "noise" effectively is the |evel of cochannel or
adj acent channel interference produced by'lthe interfering

cpm‘runi cation unhggjag‘ﬁéhép & éﬂi ‘Z{ﬁ Aﬁgpgg‘lﬁ%ﬁjmt Qgtﬁ &%enS base
oo i
contained in theadjﬂoenk chamaeli daterferenicgnprodiled ebyi \thel immmfdrimg

interfering co f

deci bel unlts a.se 1te, 1 e servin ase site 101 10
9 B@ﬁnﬁh{d&i}:&ﬁ?ﬁ 143, TP ie! féﬂfﬁd‘éﬂiﬁddﬁﬂe séiving

t hen determ pse §'i“§;r1§ %é‘gHB PFﬂPagBHﬂﬂ:i QSgPY g%

1%3 (i. 'h’ the LhnRSSI measurb;lnnu(pndeui::hhel mm)aoftmbahatantbéaselsmlm

addi ng the si gnagofiafiRadm! the uplink conml i%ahbﬁ%igﬂa‘l 1N9'1eLeiftd 'fifin the

interfering conmni gat.i on unj { the

servi ng bage Si té'“‘iﬁa"f‘ﬁc‘i°&88§m§aﬁ%‘d Eﬁ Rﬁn%ﬁﬁém%ﬁéﬁwﬁémt 1

powers of the ot ﬁwlbbhﬂmtﬁquébemmmwetm t The) seaving, baser sitep1 01

active Commnocathsmdatatmmeﬁ thegsigndl fl the uplinki commuonieation signah

107 in accor dancqlgnqln . v%bgqtaik. as o}n ﬁﬁd %ﬂt%s@ ﬂﬂ?”lOS power

control technlquea I'te da erably

|t
i ncl udes uplink Beding %ﬂﬁﬂaﬁ)ﬂ’{f’mt&% % ¥ ?Jéﬁarqsgﬂt :R?W‘“'u |t RSSI )
for the other basmesderingwommonication liihu313.t Ha therprefarred embodimentsi te 101

knows the desir e@xé’fe?bxdg%é sité 100 iincludéin GacabaNR thidéchtains the Faristil 05

communi cat | ohSun POWETH OF the Ruiet g s - 109 384 BE i powers, B

area 111. 25 active commynigation ypitsi(@g-+ hE3)nist ¥s seryice goverage argdn t he
di stant base 107sint acddtdance with rconvemgondl chaieboffe dn&Siplidke signal S) f or

an uplink power control techniques. In addition, the base site database
preferably includes uplink power control parameters (e.g., desired
20 uplink RSSI) for the other base stations 102-105. Thus, the serving
base site 101 knows the desired RSSI level at which the distant base
site 105 intends to receive an uplink communication signal 121 from
a communication unit 114 in the distant base site's service coverage
area 111.
25

)

After computing the noise (N) incident upon the distant base
sitc 105 and retrieving the desired RSSI level (S) for an uplink
communication signal 121 intended for reception by the distant base
site 105, the serving base site 101 estimates the signal-to-noise ratio

30 for the intended uplink communication signal 121 at the distant base
site 105 by subtracting the signal power of the interfering uplink
communication signal 119 from the desired RSSI level of the
intended uplink communication signal 121. The computation of the
signal-to-noise ratio in decibels (dB) is summarized by the following

35 equation:



comuni cation signal 121 intended for reception by the distant base

site 105, the serving base site 101 estinates the signal-to-noise ratio 3 0
for the intended uplink comruni cation signal 121 at the distant base '
site 105 by subtracting the signal power of the interfering uplink

communi cat i wosigasal 119 fromthe desired RSSI |evel of thermussssaze nt ended
uplink communication signal 121. The conputation of the

signal-to-noise ratio in decibels (dB) is sumarized by the followwng 3 5

equati on: WO 97/ 28619

PCT/ US96/ 19420 8

S/Nds (dB) = desired RSSIds - [PTint - (BTds - RSSIint)] wher e S/ Nds
is the signal-to-noise ratio for a particular uplink 5 conmunication
signal 121 as perceived by the distant base site 105, desired RSSI ds
is the desired RSSI | evelSMdst(dB)e: desired R88Ids s [PFint OTPTds - RSSlink)le
particul ar uplink comruni cation signal 121, Pl[err] is the transmt

ower of the interferi Co nication unit 113 Plerr].- .RSSI [err
!Os t he signal pr"g"bgﬁabmﬁslggﬂ’%éﬁﬁ@@'@ﬂ%“d@%ﬁ”ba?@@‘{l@ yplin 05[and])
t he interfer 5ng commumication signahil21 lak3perceived byrthe distanpbasersite 105, of the
Slmsi ant Sb?; gsfi[ t@s{rE’J de&sﬂdgs§ftﬁe98ési?éd RSSI ?é\fe?,rai e Aitant base §ﬁ6nm;5: cation
appreci ate that %{1&&%}3}’5&&@ 'ﬂg@% gﬁﬁhﬂﬁﬁ&'g‘g%%r g?‘ria’t g-lrint isV\ﬁ":rreasur ed
by comuni cat i ofransmit ppwet erthe interfesings gemmunieation unit 113:EPTds mobi | e
astS! st efl Pﬁnczl);j pﬁéﬁiﬂﬁﬂ@ .th%i;gnal pmpaga&%hddis&eﬁétmitﬁﬂ tx)iidl@taizc%a&v;;gtl 0- noi se
ratio at the oil Slant, PAREnHrkdr cmpmjn cati %ﬁ?ii’j?ﬂﬁ.ﬁ%ﬁ%t‘ﬁ]
conpares the l.- T 0z,N0 reﬂglo a F-T0; NoJ S€ reshol d.
V\hgﬁ t hz Si gnzi -q{}g!%i@galf’gte‘?%?ei §“Sef%W§he‘e§¥)skgSgn%‘l -t’t"%-’ﬂSSFgﬁrlf‘Sfes hol d
(e.g., 13 dB i n commmsonrtion amnitn 13 (R8SIiny)) . One of vgdinageskilltip thartt r ansnit s

a channel desi gRgill aBpfecibia! tha H{rﬁg‘l ' fering
comuni cati on unit 1?% hat di P@gﬁtjpfiﬁmeter RSSIiin erlﬁeer.%ﬁgkg?mbﬁat i on

the . .
unit 113 to handPeASHTd, A.'ncommu%l Q%le!?%\lﬂquHﬂﬁHQF WA Al ess
aggr essi ve 18usemploy sobileoassistadhanigdoff (MAHEY). t he i nterference produced by

the interfering comuni cation unit 113 as perceived by the distant

base site 105. Upon estimating the signal-to-noise ratio at the distant base site

105, the serving base site 101 compares the signal-to-noise ratio to a

signal-to-noise threshold. When the signal-to-noise ratio is below the

20 signal-to-noise threshold (e.g., 13 dB in the GSM system), the

serving base site 101 transmits a channel designation signal (hand-off

command) to the interfering communication unit 113 that directs the

interfering communication unit 113 to hand-off to an

uplink/downlink channel having a less aggressive reuse pattemn,

25 thereby reducing the interference produced by the interfering

communication unit 113 as perceived by the distant base site 105.

Additionally, by handing off the communication unit 113 to a

channel that is not utilized by base site 105, the possibility that the

new channel assigned to communication unit 113 will continue to

30 interfere with base site 105 is further reduced. Further details of

handing off to channels having less aggressive reuse patterns is
discussed below in reference to FIG. 8.

FIG. 2 illustrates a communication unit (e.g., 113) in
35 accordance with a preferred embodiment of the present invention.



Addltlonal ly, by handing off the comrunication unit 113 to a channel

that is not utilized by base site 105, the possibility that the new
channel assigned to communication unit 113 will continue to 3 0 interfere
with base site 105 is further reduced. Further details of handi ng of f
to channel s WOPTR#1? ess aggressi ve reuse patterns is PCIUSROEY bel ow
in reference to FIG 8. FIG 2 illustrates a comunication
unit (e.g., 113) in 3 5 accordance with a preferred enbodi nent of the
present invention. WO 97/ 28619
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comuni cation unit 113 conpri ses an ant ¢éhna 201, a receiver 203, a

e et ety i TR SofhrhAMERIOR taft'f13 FOMPHRES dfPiniehda 201, aRefiverD! Y
conprises well k iﬂ ron eng clrcu {ﬁy

dovinconverters, ei“s‘mﬁm‘ﬁ'ﬁ @ H’EQ?F§S°"az !F‘Sg"ece‘é'ertgﬁdl gital
converters that peﬁdabhy aom:ubmvd:ll kpowsnefront -end apd backend cirouitryi ved

downi i nk _communi i 80 dpaieshverids, Hifers! B, (deodilftors, andPalgab! y

conprises m

The processo ZOtP Flgﬁrs tré}?? rs %qﬂmﬂ {fﬁ;%ﬂmnmp?ﬁ cgloﬁry.

(DSP) or a micropeceived ik commumcanon mgaabrléﬁe trensmoitersd(tS, t he
(li(igwug'lga]f i on ;JE fefér!lﬁl compﬁ@ésemmtt AARpIFNE| AltémRRoR) ﬁl&iﬁddﬁlﬁtﬁhﬂn?' 5105
rom ite
respectively, gircultry ?\L ‘é‘%ﬁ?%@? F‘Fﬁ%ﬁa‘%ﬁ“}‘ﬁﬁs& %w‘ﬁgf‘%‘b@@ﬁlss. gnhal
118 received 1 5PchF§frWt Oft 3, FMCOPERCESSATe 105 | s processed by the
receiver 203100 determ ne a characteristic of signal usability for the

downl i nk conmmun r S50 3 the
char alcterl stic of Si 'Iﬁat‘e aémﬁﬁﬁxmér& PB %‘ﬁhgggg ghggpi ed to
the processor 20% ﬁ f%‘?’PEH' I@gl
configured withi seramgr hmmme and the disgant| bmsxteﬂﬁﬁ,tremnwly. vxa

{oaseband si gnal ghe3anténmi 291.d Thet dowhlink E@ﬁﬁlﬁﬁﬂl&ﬁh@@@tﬂﬁplm received
anin v TS R 8 Ml o oS HarSr o
elgrming) a ggaractenstlc of signal usabillty for the downlmk
communication signal 118. In a preferred embodiment, the
characteristic of signal usability is an RSSI. The RSSI is provided to
the processor 207 where, in a preferred embodiment, the RSSI is
20 configured within a transmit baseband signal 213. The transmit
baseband signal 213 is provided to the transmitter 205 for
transmission to the serving base site 101. The transmitter 205
transmits the RSSI to the serving base site 101 via the uplink
communication signal 119.
25

comuni cati on si

When the communication unit 113 receives a downlink
communication signal 116 from the serving base site 101, the
received signal is processed by the receiver 203 to extract the
transmitted baseband information, including a hand-off command

30 and uplink/downlink channels when sent. The receiver 203 provides
the baseband information to the processor 207. The processor 207
interprets the hand-off command and generates a hand-off signal 211
that directs the transmitter 205 to hand-off to the assigned
uplink/downlink channels. In the preferred embodiment the

35 transmitter 205 is handed off to an uplink/downlink channel that is



When the communi cation unit 113 receives a downlink conmmuni cati on

signal 116 fromthe serving base site 101, the received signal is
processed by the receiver 203 to extract the transmtted baseband

i nformation, including a hand-off command 3 0O and uplink/downlink channels
when sent. Tpeofsaed ver 203 provides t he baseband i nfpeiRRédi9Ret O t he
processor 207. The processor 207 i nterprets the hand-off command and
generates a hand-off signal 211 that directs the transmitter 205 to
hand-off to the assigned upl i nk/ downl i nk channels. In the preferred

enbodinent the 3 5 transmtter 205 is handed off to an uplink/downlink
channel that is WO 97/ 28619

PCT/ US96/ 19420 10 10 on a | ess
aggressive r euseoxpatlessr aggmkmvebqudeqmmmr@eréhy lessening thenchance thahe
conmuni cat i on unhe cbirintthicati6R ki 'F3 Will XBnfinge i Be | Ppotelifl ifdrfrer 1O
t he communi cati 0@ #l,nl t h‘llmc 1 14 In a first alternative enmbodi nent,
when t he communi ¢a ﬁ“ Ny EES‘ ecei ves t he downl i nk communi cati on
signal 118 fromthe di stant base site 105, the processor 207 m ght

addi tional | y ssonpar e In a firshaltefmeivecenbodimém, svhemattied comnidniestiol d to

det erm ne whet he I t
baseband si gnal %qlglﬁdrcisﬂg d‘? nsmﬁg ?W;E&ﬁhow serwrtr(l)gg!fl ase site
101. The usabi | i gigtant base sited , the, Broggssas itjonally,6oMPaRs used at
t he serving basethe receiviedcRSSI t¢ @. wsability ﬂ&s&nldm@%témﬁé wﬁeﬂxwleﬂ t he
Phreshol d, the Dot EomERMoNRS HSH wili HECGuRtl: Kaby gj i‘f ‘*n%?b'z'léty
i ncl udi ng th\rﬁl “ﬁggp ﬁ"ﬁdhﬁgﬁ PEFXINE DA Site Y 213 to

t he transm tllmshokbss ther same: threshodd @s wenldthe wsedvatithe sesdng ’ba& 101.
Thuls int lhsxse 20D qeigeIB dB fer & CEMNRErh2N Whes tHel pravesict 207 a
prelimnary eva \

recei ved fromthe al 'eg %ase ﬁédl%?i)%ﬁeﬁaf ﬁ%fﬁ(gﬂt‘%}ﬂh@l%}% servi ng
base site 101, oPTOSESROT HeRErates Hies raneBit 3, nglding

t hreshol d t d § heRSSImamidc forvardsnihe in:ﬂnsrﬁnrbaehandes:gﬂab 213 tosehell ng base

site 101 mi ght tfﬁﬁsﬁﬁizferezdﬂﬁﬁ@i ﬁﬁed%ﬁhémé berv il base w 101. THA[1 ous
al ternate base Si‘h&ﬁ 102- %qs* to t‘Eﬁ omruni catlon unt t part of
the control info for?“fl? E}ﬁ"ttt

e Jcom umﬁ%tl ynit e!‘ f%nﬁpe&onns a

preliminary evaluation of the usailhty of the downlink signal 118

received from the distant base site 105. With this approach the
20 serving base site 101, or some other means, must provide the

usability threshold to the communication unit 113. For example, the

serving base site 101 might transmit a list of usability thresholds for

various alternate base sites 102-105 to the communication unit 113 as

part of the control information transmitted during the call set-up
25 procedure.

In a second embodiment, the communication unit 113 might
receive a downlink communication signal 116 from the serving base
site 101 that includes the pertinent information (e.g., transmit power

30 of the distant base site 105, the desired uplink RSSI at the distant base
site 105, and the signal-to-noise threshold) that the serving base site
101 uses in the preferred embodiment to estimate the signal-to-noise
ratio for the uplink communication signal 121 at the distant base site
105. In this embodiment, when the communication unit 113 receives
35 the downlink communication signal 118 from the distant base site



2 5 procedure. In a second enbodi nent, the conmmuni cation unit

113 m ght receive a downlink conmunication signal 116 fromthe
servi ng base site 101 that includes the pertinent infornat|on (e.qg.,
transmt power 30 of the distant base site 105,.the desired | i nk RSSI

at the di st aWiO 9728689 site 105, and the signal-to- n0|§E“FﬁW | d) that
the serving base site 101 uses in the preferred enbodi nent to
estimate the signal -to-noise ratio for the uplink comunication
signal 121 at the distant base site 105. In this enbodi nent, when the
comuni cation unit 113 receives 3 5 the downlink conmunication signal 118
fromthe distant base site WO 97/ 28619

t he

PCT/ US96/ 19420
processor 207 co ér gée pﬁocep%oge%(veﬁoxﬂggesttgetrﬁ%exvg%l!ﬁﬁl]té the usab@%?es hol d.
Wien the recei vejﬁ@hﬂ’me x Wéhensthe received RSS1yexcreds; the usability thresheld,

ColmTUEI cation unlthe ﬂ:ﬂﬁnﬁﬂht&ﬁﬂlﬁ@m’t DE3 esimatesithe Btgh&lito"-ﬁbllse raty il’_c?]rhhe
upl i nk communi ca s gl 3
processor 207 t he gi)&(ﬁ ;“%éogsﬁlg@t&féﬁg%aﬁﬁﬁt?g%gg 5‘tlo ?mh
the signal - t 03noiP§ecss ed iﬂ!?n crapares the-estimated Sighaliamoiss. Hpsw
ratio i s bel ow t lthe sigmaditoinpisetiweshdide sWieh theh estimatednsignal-toanoise t
113 transmts a i okt Anief f
to an uplink/ dowl[lhr}?‘c’ﬁ%%ﬁ%ﬁm&ﬂoﬁggﬁ%ﬁ%% %g &qsl%& i%i;negn,
t hereby reduci ng i ﬁ%u@éﬁnﬁmﬁ«?@dt rtP ﬂp
comruni cati on unit® anup. timmlmk/ ngl &aggrass;ve;mepaaem,
\é\ééhttg:’lz I aﬁg%?&heﬁw e6duBin Celel Qﬁleﬂfé:réx%éeé rﬁ@ﬁ'éo ¢l A ¢hé eintt-:rfermg
iti [ ] ]t
the signal -to- no:égfgg '%%gfgfjjfp ?§E%;$’H§i% mzﬁg@?\m&g@ﬁ @fﬂlt 15
may be interferi m Adt weuld Feauirdent , the
conmuni cati on uniadditional nierfioryoand processing capabilitics to be abld trepedfotrhe
downl i nk_communi qé »sfghal-m-nms%' fi6nd FGNANh SsOYLSFichoWHichonDase

site 101. §he§ﬁ€ e Eg%dé hi's characteristic conprises a
recei ved si gﬁ I nng I ndi catlon (RSSI), however, one of ordinary
skill in the art wll recogni ze that other characteristics (bit error

rate (BER), a frame In yet &thitd aRefmative Enitddiment ahé icemnuthicid hsitence
ratio (C1), or 313%hbhfibrs a characteristic of the of the downlink communication
signal 116 transmitted by the serving base site 101. In the preferred
20 embodiment this characteristic comprises a received signal strength
indication (RSSI), however, one of ordinary skill in the art will
recognize that other characteristics (bit error rate (BER), 2 frame
erasure rate (FER), a carrier to interference ratio (C/I), or a carrier
to noise ratio (C/N)) may be utilized as well. Next, the
25 communication unit 113 compares the RSSI to a threshold. If it is
determined that the RSSI is above or equal to the threshold, the
communication unit 113 takes no further action, and simply
continues the monitor the RSSI of downlink communication signal
116. However, if the RSSI of the downlink communication signal
30 116 is below the threshold, the communication unit 113 transmits a
request via the uplink communication signal 119, to the serving base
site 101 to be handed off to an uplink/downlink channel having a less
aggressive reuse pattern. By handing off the interfered with
communication unit 113 to a channel having a less aggressive reuse




to noise ratio (C/N)) may be utilized as well. Next, the 25 comunication
unit 113 conpares the RSSI to a threshold. If it is det erm ned t hat
the RSSI is above or equal to the threshold, the comuni cati on unit
113 takes no further action, and sinply continues the nonitor the
RSSI of dovwbiowkssgwonmuni cati on signal 116. However ,pcrfustémed8SS| of
the downl i nk comruni cation signal 30 116 is below the threshold, the
cemuni cation unit 113 transmits a request via the uplink
comuni cation signal 119, to the serving base site 101 to be handed
of f to an uplink/downlink channel having a | ess aggressi ve reuse
pattern. By handing off the interfered w,th comuni cation unit 113 to
a channel having a | ess aggressive reuse€ WO 97/ 28619
PCT/ US96/ 19420 pattern, the potential for continued cochannel/adjacenp channel patt ern,
the potential fgjeforRhce Wil weogRanyetdingdidacent channel I nterference
wll be greatly reduced. FIG 3 illustrates a base site (e.g.,
101) in accordance w.t 63al 5 preferred enbodj pent of the present
i nvention. The base .3 illustrates a basgrsite deg., HLhin aesordance withracei ver
303, a transyn t preferd®d ensbodiment pf ahie psesent Givernion. a Thet s site3101 The
recei ver 303 PrEbGDAREY, an anteRRAPION S ridilel 3030 of Gl Rl Dackend
circuitry, such as ovm‘gon(\i/eréérs ?xi{‘s, filters, de é!@g&&ators, and
anal og- t o- di gi t BIOCE8sorc 30 eand asdatabase, 34 4 c The negeiven 3rB$9¥D ation of
the received comprises rielt denown deariteendsiagdabackend Giveuitrygrawwht aer 305
pref er?bl y doRABBAVErYs, Tibis %ﬁﬁéﬂé' uémbl Blatds! 8l dndiop-1od jigpdul ation
circuitry. e essor g rerer conprl ses r
mi cr opr ocessdr . con.veneorﬁ. ﬁéa‘dg¥°é13§ & §1&°baf'§f'§¥’5°‘o‘i°§} 108, Pf SQ% rﬁcq“é?@om access
menory 1 5 ( RANplinkpomspunigation signalkl i wdihectsansmittes A0npreferablyuch as a
desired RSSI | eg@inpeises misers)amplifien))i sientiifors ldimodalatidie ciditgnt
base sites (1027h0Sehledsbi 307 breskiibly cBRRHsks BIISP di'a IiErolialedffr. Pase
sites 102-105, - € raf éo S ofF the comenl catron units
(e.g., 113) thathgrdatabasesd bl pae ¥ FAMPHSGS2 {RBIGRS ACCTSE MEMOEY vi ce 20
coverage arks ((RAM) tRtGomtyins uplink power cantralhparamettens; suclk rasoali ment
the base site 1@dsiféF RS8ISlevelPand a signal-to-noise threshold, for the distant

base sites (102-105 in FIG. 1), the transmit power of the distant base

sites 102-105, and the transmit powers of the communication units

(e.g., 113) that are registered for service in the base site’s service

20 coverage area (107 in FIG. 1).

In the preferred embodiment, the base site 101 receives the
uplink communication signal 119, including the characteristic of
signal usability for a distant base site's downlink communication

25 signal (118 in FIG. 1), from a communication unit 113 via the
antenna 301. The uplink communication signal 119 is then processed
by the receiver 303 to extract the characteristic of signal usability.
The processor compares the characteristic of signal usability to a
usability threshold. When the characteristic of signal usability

30 exceeds the usability threshold, the processor 307 accesses the
database 311 to obtain the parameters necessary to estimate the
signal-to-noise ratio at the distant base site (e.g., 105 in FIG. 1). The
processor 307 estimates the signal-to-noise ratio at the distant base
site 105, as discussed above with regard to FIG. 1, compares the

35 signal-to-noise ratio to the signal-to-noise threshold for the distant



upl i nk communi cati on signal 119, including the characteristic of
signal usability for a distant base site's downlink comunication 25

signal (118 in FIG 1), froma comunication unit 113 via the ant enna
301. The uplink comuni cation signal 119 is then processed by the
recei ver 303WPY7@864% act the characteristic of signal usabiBGI{Ups/T The

processor conpares the characteristic of signal usability to a

usability threshold. When the characteristic of signal usability 30
exceeds the usability threshold, the processor 307 accesses the

dat abase 311 to obtain the paranmeters necessary to estimate the

si‘gnal -to-noise ratio at the distant basd3site (e.g., 105 in FIG 1) The

processor 307 es (0) |

site 105, as di s%%%gg ?;?é%:st&e thre dﬁgb%% :fﬁG heﬂé}ﬁlgrgea% 5

si gnal -t 0- noi se 9‘&!‘4‘@“@ SOMPATISORN ef%smt ﬂB"lﬂlsﬁc ant
WD 97/ 28619 ratio is less than the mgnal-to-nmse threshold, the hand-offComnuatl 19420

13 base si tgoé%sgﬁeise%e eSifmitfLAeE curil 111376 $ARALGNCFo ufiand- of

comrand 309 d -1 0- ratio i s
oee than the &T?fb‘f GBI chaiel hAvIg 8, dEes A B HVE, filaR cpatiemn, 506
instructs the co ¥ eedusing the inteferenca produced by commgnication mnitiown! i nk

ch?nnfel having a1i®asp é&@fv%ﬂ%y\/&erdtimméts&éflos The hdifX-6f7 \conrAlifd ngt}1 he
interference pro atsL.o ed. by the

di stant base si tgﬁg’og”ﬂéﬁln#ﬁgg#egffkcﬁﬁﬂ%d to théléa&%ﬂggé épé g?'b S
provi ded to the trRBSMissioncto thss communication ypiyl B Srher B‘atlﬁﬁll@@rﬁ%l cati on
unit 113. Theot r aassmits dieﬁﬁﬁi-a:ffcdmmmm tohthe lcdntimahicadoninitd 1309 to the

conmuni cati on un g&y\@ighgi( f@muni cation signal 116.

In the second al Jt"i(ia!rﬂ:\lea}ttﬁlove enbodi nent” di sc’ssed above with regard to

FIG 2, wherein the comunication unit 113 perforns the 1 5 conparison of

the characteristic oflnsthgnsecondalternatjve embodimenbidiscugsed above withs hol d,

tﬂet baseI s:jte étgie gardh e FIGC 2| Wliéﬁexﬁﬁhélﬁokﬂ?huﬂ@ﬁﬁbﬁ‘mﬁtlmwerfoms ghegnal 119
at inclu e

directly wt > ??@%E%g{ ?Eéﬁé Bﬁ%l‘:t fs%&ﬁg{ L%&bé{!tfh%ﬁﬁq g?@ﬂpt%ase

site 105, conparﬂhgsh% e base sk, 10 mmmmgaannpl GREIMYNICRAe 2 0
threshol d for t hsignalklHhthabardudestthe tharastesistic of signabushbililyaprocaéds and

generating, if nggesftwith EsmBARg the kignmalliendist Aaid e istalf base
gite 105, comparing the signal-to-noise ratio to the signal-to-noise
20 threshold for the distant base site 105 stored in the database 311, and
generating, if necessary, the hand-off command 309 based on the
comparison.

FIG. 4 illustrates a logic flow diagram 400 of steps executed

25 Dy a base site and a communication unit in accordance with the
preferred embodiment of the present invention. The logic flow
begins at 401. Next, at 403, the communication unit is in
communication with a first, or serving, base site of the
communication system. That is, the communication unit is

30 transmitting an uplink voice or data communication signal to the first
base site via an uplink channel of the first communication resource

and the first base site is transmitting 2 downlink voice, data, or
control communication signal to the communication unit via a
downlink channel of the first communication resource. In the

35 preferred embodiment, the uplink and downlink channels of the first



conpari son. FIG 4 illustrates a logic flow diagram 400 of
steps executed 25 by a base site and a communication unit in accordance
with the preferred enbodi nent of the present invention. The logic flow
begins at 401. Next, at 403, the communication unit is in

comuni cat i womi28é19a first, or serving, base site of the pcrusespaponi cati on
system That is, the communication unit is 3 0 transmtting an uplink

voi ce or data communi cation signal to the first base site via an
uplink channel of the first conmunication resource and the first base
site is transmtting a downlink voice, data, or control conmuni cation
si'gnal to the communication unit via a 34 downl i nk channel of the first
comuni cation resource. I.n the 3 5 preferred enbodi mar]t t |l i nk and
downl i nk channefQMEIURiGatipn, Jesource eaph) gpmuyises a time s ot ht 'a

PCT/ US96/ 19420 corresponding uplink or downlink frequency in accdotdance with

conmuni cati on rgﬁamqﬁ,@ : | (TH t correspondi ng
uplink or downlin frequgfr;vgk;&?ﬁﬁggg ﬁgge W t ﬁsm&h‘%nom time division
mul tiple access (TDVA) techniques. Whi | e the comuni cation
unit is contfunicati Wetthe t:bmrﬁumsatlon unit ib eommunicating withothefixst at i on
uni t roni tors (4Ke) skedngl & munlcatlé‘ﬂ”ﬂﬂif“rﬁéhhefb T4057!a Govilinia Common

control signal) secon hase ,site. The
second base sit&" 'g" %@%asﬁg%l (e.g., asm‘ﬂhe%'lf?‘{ld" g‘?ggpl?"“ Ry

comuni cati on s? §aeond,Ar distans; baseesite Enesecondqbasgcsitenis P@rfe@bh‘ equency
substantial | y acorfiguredtto, réceéve uplinkfcomnmmicativn sighalspht eithepnheini cati on

So |k cn Al Mediticy as of STHAMERY Sobiil ht’%‘&ihéeﬁg‘ibv‘u}i@ the

downl i nk commun e Seco
comuni cat i on uthﬂ“ﬁ‘é"cye pfithe §1pl commynication, signal dransmitteds 3% "B‘h al

usability for téemommication dhit. ddpom veczvingnthei dpveailink comnnenipatidrer r ed
nic thon | gl fond fhileChfi B sies THE cbm b v T 1o
the first base ( ﬁ s"s #@‘é“g‘g?ﬁ‘? &f SR 1 ﬁ‘kb ’(an’g ct ? S‘gﬁ& : y20
Upon recei vihg commuenication, signal. of Ini they prefexsedi py!bocbmqme this
determination comprises an RSSI. The communication unit then
transmits (409) the characteristic of signal usability to the first base
site as part of an uplink communication signal.

20 Upon receiving the characteristic of signal usability from the
communication unit, the first base site first compares (410) the
characteristic of signal usability to a usability threshold. When the
characteristic of signal usability is less than or equal to the usability
threshold, the first base site takes no action and the logic flow retumns

25 to step 40S. However, when the characteristic of signal usability
exceeds the usability threshold, the first base site determines (411)
the signal propagation loss between the second base site and the
communication unit based on the characteristic of signal usability
(RSSI) and the transmit power of the second base site. In a preferred

30 embodiment, this determination is simply a subtraction of the RSSI
(in dB units) of the downlink communication signal from the
transmit power (in dB units) of the second base site. Upon
determining the signal propagation, or path, loss between the
communication unit and the second base site, the first base site uses

35 the signal propagation loss to estimate (413) a signal-to-noise ratio at



communi cation unit, the first base site first conpares (410) the
characteristic of signal usability to a usability threshold. Wen the
characteristic of signal usability is |less than or equal to the usability
threshold, the first base site takes no action and the logic flow returns
25 to step WOP2¥d%hever, when the characteristic of si gndCTESAHINI0: y
exceeds the usability threshol d, the first base site determ nes (411)

t he signal propagation | oss between the second base site and the

comuni cation unit based on the characteristic of signal usability

(RSSI') and the transmt power of the second base site. In a preferred 3 0
enbodi ment, this determination is sinplyl@ subtraction of the RSSI

R L 5, T el e
si gnal propagat idscripgd Hhﬁﬁm ebﬂ!‘ﬁé@ﬂ%@ oﬁ%‘eunl t and
the second base then epmpharesf(#15) theeestimated signakto-foise ratiztcsa gxgaial—p:r—opagat i on

| oss to estimat
oSS L0 194 0 Srdifd Jhreshdld ok -the- SicHd 'vaké Osifd.  The s1§¥9 -£n8 5 second
e

base site. Qplq prefgrably FQWW%SJB&’HW‘W Jccepta in
det ai | above vm tnmseegatmm maintgin a. partieular signabquality.t For examphsrinconpar es

(415) the esti n&hed @Swaéelhﬂaflosﬁﬁeﬁﬁt the t SighabiteAdisé Othreshold‘oi'sse

threshold for t Bﬁ 1 qﬁfeﬁ' te. The si gnal -t o- noi se t hreshol d
preferably corrpr e m accept abl e signal -to- noise ratio to
mai ntain a parti cul ar signal quality. For exanple, in the GSM cel | ul ar
system theld gnal -t dimﬂm pmfer}m@emhodnment, whemmrsiguatabaiqisel&tﬁﬁs 10

In the preferre whvedd N rm*f%

greater than or to t quI w%es@hﬂln?e %igre ﬁ%f é) rs? base
site takes no ac'll 68‘?@’? Fer?émlsé°§f§’p4 qm er,

when t he signal -whemdlhsesrgaal-m-m:seesatw hisn lesse theng ithe - s:gnmbtcs-amse
E Er eshol d, the fthiésholdsehé fxﬁstgaagé HiRS g nPW?Oﬁfhmﬂ%&ﬁmahﬂSt r :Jct i ng
e conmuni nne

havi ng a | eg§t %F{g@ﬁ? I’B%S FReT naﬂ‘ﬁ@ hIFHg ‘{(}ngé‘éqé l{!lé/down(filﬂit hen
transmts (419) ‘liﬁ‘}“ haviggra WSEFSN)’et FAISe MG c kheofirst base sifgi ¢ via a
downl i nk comuni thenitrensaiitsnéd 19) the rhandeeff wongmahd tbathe- communiaatibnc onmand,
the communi cati Gihit'piala ASWhRAKEomniliHiCktir sigall ) Updh receiving the hand-

off command, the communication unit performs a hand-off (421) to

20 the assigned uplink/downlink channel having a less aggressive reuse
pattern, and the logic flow ends (417).

FIG. 5 illustrates a logic flow diagram 500 of steps executed
by a base site and a communication unit in accordance with the first
25 alternative embodiment of the present invention. The logic flow
begins (501) when the communication unit is in communication (503)

with the first base site of the communication system. Similar to the -
logic flow of FIG. 4, the communication unit monitors (505) a
downlink communication signal transmitted by a second base site and
30 determines (507) a characteristic of signal usability for the downlink
communication signal. However, in this embodiment, the
communication unit compares (509) the characteristic of signal
usability to a usability threshold. When the characteristic of signal
usability is less than or equal to the usability threshold, the



20 t he assi gned uplink/downlink channel having a | ess aggressive reuse

pattern, and the logic flow ends (417). FIG 5 illustrates a
| ogic fl ow di agram 500 of steps executed by a base site and a
conmmuni cation unit in accordance with the first 25 alternative enbodi ment
of the presavoyingswntion. The logic flow begi ns (501 pcvosssiibd2e
communi cation unit is in comunication (503) with the first base site
of *the comuni cation system Sinilar to the logic flow of FIG 4, the
communi cation unit nonitors (505) a downl i nk communi cati on signal
transmtted by a second base site and 3 0 determ nes (507) a
characteristic of signal usability for t hg downl i nk conmuni cati on
signal . However, in this enbodinent, the conmmuni cation unit conpares
(509) the char actoSRmuIAieation Jinjhdakes no fugher |actipn: etherythas simply

t hreshol d. When ﬁehﬁ-n fmmgrsost;l c of signal usability is less than
or equal to the usability threshold, the WO 97/ 28619

PCT/ US96/ 19420
communi cation unit tdRS¥EYRS. mhemnthe charaesaristicof signal 'Hﬁahﬂlty exceeds et ur ni ng
to step 505. 5 the usabilityHthreshwid, thieccorhimtnidaionctmit itsdrismit (5139 reai

usabi | 11y exceedgpik chifnyiiahidd Wpral'b6FAl o SHERBRANRAS Al
TESERET v gen bk ok utos bl

simlar to the |bgthe first\basé site @stimates (ﬁli)nbefsngnal-tbmsesratm atsthemt es
(ﬁlS) E he S't gnal selcnd Base sité basedin mé%aracteﬁﬁémlmehsﬁwl Qﬂgﬁtféhon the
characteri st (0] e
conmuni cat i onffuﬁ‘h"“‘ ﬁ%%%ggtﬂ( 5?%/ ""m%a&&‘g%? ?%3? W#’aﬁ B6o a

si gnal -t 0- noi se HigRAsIPONQISE rALiO fie asslgndrtorn.mse threshplds JIf the isignad-tgr eat er
than or equal tondibe rauqrialgféaemmameo:t Bqtﬁﬂh@hﬂe sxgnal-tbhﬁnbe)mxﬁslidldw returns

Si gnal t o-noi SHZV“‘Eréﬁ?W‘ semﬁ N Whé"iﬂ*“—%’#%:“mé*(ﬁg;hi

e
hand- of f command™ c,tm&?ﬁ sgnalig ? SeRving, paseration
communi cat i drf unfransmits {5 9p fa handmfﬁmmm¢no the comimuritatiomiumik channel

on a | ess aggr esiiist@ctings thed@ohfthiiniclfieh unit to HaALVMOd ae pRRNANSF
command, the congahieAbuMTinRHaBhEE off a less aggressive reuse pattern. Upon
receiving the hand-off command, the communication performs a
hand-off (521) and the logic flow ends (511).
20
FIG. 6 illustrates a logic flow diagram 600 of steps executed
by a communication unit in accordance with the second alternative
embodiment. The logic flow begins (601) when the communication
unit is in communication (603) with a first base site of the
25 communication system. Similar to the logic flows of FIGs. 4 and S,
the communication unit monitors (605) a downlink communication
signal transmitted by a second base site and determines (607) a
characteristic of signal usability for the downlink communication
signal. However, in this embodiment, the communication unit
30 performs all the functions of determining when the characteristic of
signal usability exceeds the usability threshold, and then requests a
hand-off from the serving base site.

Continuing, the communication unit compares (609) the
35 characteristic of signal usability to a usability threshold. When the



hand-of f (521) and the logic flow ends (511). 20 FIG 6

illustrates a logic flow di agram 600 of steps executed by a

conmmuni cation unit in accordance with the second alternative

enbodi ment. The logic flow begins (601) when the conmuni cation unit is
i n comuni cat iWO9TBE®) with a first base site of the 2 5 cBEHUMGAAP on
system Simlar to the logic flows of FIGs. 4 and 5, t he

communi cation unit nonitors (605) a downlink comunication si gnal

transmtted by a second base site and determ nes (607) a
characteristic of signal usability for the downlink comrunication
si gnal . However, |n this enbodi ment, the cepmunication unit 3 0 performs

all the functions determn en,the charagteristic, of
usability exceeds Giersiiq o ?%mew ‘sgﬁ’t} B.prequal i Qleausabxllty
hand- of f from t he thesshold; thedogii flow returns to step 605 ntHowevey, whea the

conmmuni cati on uni t%tﬁ?méﬁ& ress;%t. tﬁ@ab’m@ ﬁ&a&%@hbﬁmg fHresHid¥d 2the

ESC?-}’ blslggyltgzzg usg communica on u SnmaFes (tG 3.) the s:gnay\%-nols; ra%’% at the

characteristic5of secondbasessits baseq onslhe@harapmsncrof@wmﬂ us&blhtyeanﬂsﬁbl lity
tﬂreshgl d, Ehe '?Qédmxﬁ)hﬁwaﬁéig‘uhitfs trdhshiti€ PoWes -anl re ¥ th
characteristic of gl | e
commruni cati on uni tt%e #g% ‘% %‘ﬁﬁéq@\% qw&ﬂg ?‘3t Sﬁg\g@t is
second base site m‘m %mmw Rinimizing ?aMBFP meEmenRy the
communi cation uni thecessazy awithe pomeiunicatibnCaninathe scopfth@ihication vungrumiight

t o- t t

0-norse ra 'gdc 8 &gﬁéﬁ“&% r\iﬁq&ﬁ%&i ﬁ]uraﬁﬁﬁéi‘%g a_é%ufeﬁckks 31! Hafismit

necessary at the ORI 2 s @%&%%ﬂgﬁ#a”‘?ﬁféﬁw t

request the necessfirsy bgsesite’s idatabase ¢o perfonnrtbe simsil-toaaise comphtation
power of the seconghddpenparison. arklltématively, Othe0 comrhthieatieh Cunit reglithe

2nd_conpar i'otne o Bl ve+y, “‘?Lﬂ&%%%%&% BT b |
its own dat abdst DRseSHBei ve dat abase updates fromthe f| rst 15 base
site.
When the signal-to-noise ratio is greater than or equal to the
signal-to-noise threshold, the logic flow returns to step 605.
However, when the signal-to-noise ratio is less than the signal-to-
20 noise threshold, the communication unit requests from the serving
station, a hand-off to an uplink/downlink channel having a less
aggressive reuse pattern (615), and the logic flow ends (611).

FIG. 7 illustrates a logic flow diagram 700 of steps executed

25 by a communication unit in the third alternative embodiment of the
present invention. The logic flow begins at 701, where the
communication unit is in communication (703) with the serving base

site. In this embodiment, the communication unit monitors (705) a

the downlink communication to determine a characteristic (707) of

30 the of the downlink communication signal transmitted by the serving
 base site. In the preferred embodiment this characteristic comprises

a received signal strength indication (RSSI). However, in an
alternate embodiment the characteristic might be related to a bit
error rate (BER), a frame erasure rate (FER), a carrier to

35 interference ratio (C/I), or a carrier to noise ratio (C/N). Next, the



When the signal-to-noise ratio is greater than or equal to the

signal -to-noise threshold, the logic flow returns to step 605.

However, when the signal-to-noise ratio is less than the signal-to- 2 0

noi se threshold, the communication unit requests fromthe serving

station, a hggdredéis t 0 an upl i nk/ downl i nk channel having apdTATSe/19420
aggressive reuse pattern (615), and the logic flow ends (611).

FIG 7 illustrates a logic flow diagram 700 of steps executed 2 5 by a
conmmuni cation unit in the third alternative enbodi nent of the pr esent
invention. The logic flow begins at 701, where the conmuni cation unit
is'in communication (703) with the servi ng base site. Inthis

enbodi ment, the communi cation unit nonitors (705) a t he downl i nk
conmmuni cati on t ocommunicatiorunit compaces thei RSST/6v; thiesBold (708 f ittike

' the preterrad nbod'.'**?eﬂ*a@“**’f%s*‘fﬁ*‘ﬁééf*st 1 e thiethold, the RiE ° 10 |
signal strength fﬁ’ Jﬁtl”%tt? %ﬂ?ﬁg ﬁcﬁﬁoﬁgsi efs'theq?l‘ﬁ @nﬁ

enbodi nent t he cloammauniestion signalgnbelow the ﬁn@silqlt&. the gommunication uait r at e
(BER), a frang etransmitsactequest{l1) o dY sereingtbase shel votley haidedcsffnat i o

I(DgT} )U’Sgglr 1‘3 4(2:8r " b ugihk)@owitifR Chintdt Rivind'a Tess ta@&ress reniiPpanthat 019

cofmuini cati on
unit conpares t hehezeby reducing, theningrierense preduged sby the @&'@?Wl&ed t hat

the RSSI is aboveonnnmuaﬁon unitras percsivéd by the kdisthnobase site. Thelogiet urns to

step 705. I—|oweverﬂl 3\; n(?] of the downlink comuni cation signal is
bel ow t he thi} ho e com‘rum cation unit 5 transnmits a request (711)
to the servi § base site to be handed off to an uplink/downl i nk

channel having a | essFKag8 dHustrates 8 celufaricovienage area using simultantousng t he
i nterference prosmgiilievelt Reusent tft@ﬁisngn acco?&ﬁﬂéﬂl\ﬁﬁhl @n férré&

e T it o g ER, T S S 4
mul ti-1evel reusén‘ilﬂﬂﬁ%lanﬁ uralityc @ rb?ﬁﬁcséteﬁn 1011 éﬂ r 89 having respeghNedi nent

of the presens i gusitd coverdgecareas 107 and A4\ eindoe phurslity of commahivdeiona
plurality of bas‘%mﬂst QQ31QﬁdaF'§’4105 SaMidn, ConsmunYéatior® uni€r Vi¥§scover age
areas 107 and 11 ofiifufic tulljgr ittl bast sﬁeO r\'r'uf %tphnﬂ communication signal
119 and base site 101 is communicating with communication unit 113
via downlink communication signal 116. Similarly, communication
20 unit 114 is communicating with base site 105 via uplink
communication signal 121 and base site 105 is communicating with
communication unit 114 via downlink communication signal 118.
For simplicity, the base sites shown in FIG. 8 are not sectorized, but
one of ordinary skill in the art will recognize that one site commonly
25 Thas up to six 60 degree sectors. In the preferred embodiment, each
site operates on both a four site reuse pattern and a seven site reuse
pattern, whereby one set of channels (1-4) is dedicated 10 the four
site reuse patten while another set of channels (A-F) is dedicated to
the seven site reuse pattern. One of ordinary skill in the art will
30 recognize that many differing reuse patterns are equally suitable to
the method of the invention described herein.

Continuing, base site 101 is capable of communicating on those
channels associated with groups D and 1, and base site 105 is capable
35 of communicating on those channels associated with groups F and 1.



units 113 and 114. As shown, communication unit 113 is conmuni cat i ng
with base site 101 via uplink comuni cation signal 119 and base site
101 is conmunicating with communication unit 113 vi a downl i nk
communi cation signal 116. Simlarly, conmunication 2 0 wunit 114 is
communi cat i n§v@¥¥2861Base site 105 via uplink comuni caP¢HPSeIYRH| 121
and base site 105 is conmunicating with communi cation unit 114 via
downl i nk communi cati on signal 118. For sinplicity, the base sites
shown in FIG 8 are not sectorized, but one of ordinary skill in the
art will recognize that one site cotmmonly 2 5 has up to six 60 degree
sectors. In the preferred enbodi nent, eacie site operates on both a

four site reuse pattern. an e ite.r el y one
set of channels 55‘ wg Ibg:&‘?’cgt é‘aﬁpﬁn\l% ‘fﬂﬁﬁ‘ 113 15 %“'"n e adg&pa ern
whi [ e anot her set Heon a particular uplink/dowalink channelihelonging {os; t e
reusedp?; tern. Ogogp lqwluleaéomﬁnnidation urie 134 tis uoirﬂmx&ueatmgemrbase Ej ha}g
many differing r od o
theyl nventi ongdegz*?ejb%%er e%%&r &;reﬂijé‘éew) it aﬁﬂ“ﬁﬂﬁ& Ch%mse S, (gOl S
capabl e of cofmurosamppisabien;wiisd13. Typiealhe) as &98\5%‘#‘&51%@0%1{‘“1 ups D
and 1, and base shéveslfibthiesperipiidry ofithe servingrivasei sitet coxprage ai'easEO'ﬁ;hannel s

associated with
T/ USO8/ 19420 Ghe YPsnshif Pdwkr of the cofhuhicaftihl init 113 as well as the shoun in

FILG 8, communi cATATSFiLAPYeS 96 the,bass, it} 0L, piust bg ingreased to %gggnﬁf% 701 on
a particul ar upl iasingoease iinpatnlosses betweenghe gerving base sige d0p and thei | e

comm?l cat Id on gin It dordrhéinicationnwnip i 193, | MThiyVihéreRSEE transmit power Hap met t he
sane (or adjacen n 1 on
unit 113. Typi calﬁoﬁm&l M%’%aﬁl@na% 4"‘%?3} '&ﬁ acg;‘%'@%‘é‘“?@ﬂgﬁgen phery
of the serving b 5%‘]‘!#10& beingrusgd hyccommmunication upitel 14.anEhat 150R8r of the
conmmuni cat i on unilighdSpewemakhsmissioncof commuhicnmm unipd1@randfbaseasitease site

101 nust be '”Creﬁﬁegaﬂ Pncteade é&‘h jab&tt’ Gfinfiel TeAkfenc@SACS
bet ween t he Z%rw ng ase Si conmuni, czi on unit 113. This
sm

i ncreased tr iﬁ( ﬂglwewed ﬁ%ﬁ?@mq“é UoR Wt Litere with the sane

(or adjacent) upli nk/ downl i nk frequency being used by communication
unit 114. That is, th@nce it had\bédif dereritied thansomafindéativh @amMuBiigat i on

unit 113 and basg;o?tbﬁﬁal interfet@r 162BomAtiMaafoh it CFIE"Bate Fite?G0FCCNt

channel interfer
transmits a hand-off command to communication unit 113 that

20 directs communication unit 113 to hand-off to an uplink/downlink
channel associated with group D. Since base site 105 does not
operate with channels belonging to group D, the interference
produced by communication unit 113 as perceived by the distant base
site 105 (and similarly, all sites utilizing group 1 channels) has been

25 reduced.

u

(

The descriptions of the invention, the specific details, and the
drawings mentioned above, are not meant to limit the scope of the
present invention. For example, in addition to handing off

30 communication units that are potential interferes to channels having a
less aggressive reuse pattern, users that are experiencing no
interference and are on a less aggressive pattern may be handed off
to the more aggressive pattern. It is the intent of the inventors that

- various modifications can be made to the present invention without
35 varying from the spirit and scope of the invention, and it is intended



15 coverage area 111 as viewed by conmunication unit 114.

Once it has been determ ned that comrunication unit 113 is a

potential interferer to communication unit 114, base site 101

transmts a hand-off command to conmunication unit 113 that 20 directs
comruni cat | WOYRBE2113 to hand-of f to an uplink/downl i nk PCTUSSG/EMehnel

associated with group D. Since base site 105 does not operate with
channel s belonging to group D, the interference produced by
comuni cation unit 113 as perceived by the distant base site 105 (and

simlarly, all sites utilizing group 1 channels) has been 2 5 reduced.
The descriptions of the invention, the sgecific details, and the

drawi ngs nenti oned ove, arge.not nmeant to,|jm.t the scope of_ the
present inventi ¢hat %glsuﬁké‘ﬁfﬁgf’aﬁ“?ﬂsami‘ﬂ ’c‘b‘hﬂ‘a?ﬁﬂmgdga'ﬁ gqilowmg
communi cat i on urclaimst hat are potential interferes to channels having a
| ess aggressive reuse pattern, users that are experiencing no
interference and areguygn.a l.£ss ressive pattern nay be handed off

to the nore aggressiw‘%ést?lém‘?&g? is the intent of the inventors that
vari ous nodi fi cations can be made to the present invention wthout 35
varying fromthe spirit and scope of the invention, and it is intended
WD 97/ 28619

PCT/ US96/ 19420 20 t hat al
such nodi fications come within the scope of the foll ow ng cl ai nms.
What is clainmed is: 5
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Cl ai s 1. Anethod for maintaining call quality in a conmunication
system conprising the steps of: 5 comuni cating between
a first siteV@8H?$% ommuni cation unit on a first chZHEISAOMR ¢ st
channel associated with a first group of channel s, said first channel
associated with a first identification nunber; 10

nmoni toring by the comunication unit, a second channel transmtted
froma second site; determ ning by the communication unit, a
characteristic of the 15 second channel ;2iand transferring the
conmuni cation unit to a third channel bEﬁﬁgm on the characteristic of
t he second channel, the third channel associated with a second group
of ‘channel s having a | ess aggressive 2 0 reuse pattern than the first group
of channel s. 1. A niethdd éommaimainirig calhquality\ih arcommuhication system,

identification n mgh 3 rgsponds to a particul ar frequency of a
comuni cati on sygte sxéx§ﬂ1esféffso§f The nethod of claim1 wherein the first

i dentificatiom number _corresponds to a particular frequency and tine
slot of a conmmueommunivating betweersd first site and a Gmmuaidationahitc| ai m 1,

R oy SooA 4 ehBAM i chamEl Bt s A gaCCTY,
I ndi cat or ?IgSSI ) %BW‘%@ sggcﬁﬁb cgarglel gm‘?@&]w‘& a ﬁrs? 13en\f1 108%0 °
number;
10 ,
monitoring by the communication unit, a2 second channel
transmitted from a second site;

determining by the communication unit, a characteristic of the
15 second channel; and

transferring the communication unit to a third channel based
on the characteristic of the second channel, the third channel
associated with a second group of channels having a less aggressive
20 reuse pattern than the first group of channels. '

2. The method of claim 1 wherein the first identification number

corresponds to a particular frequency of a communication system.
25

3. The method of claim 1 wherein the first identification number
corresponds to a particular frequency and time slot of a
commmunication system.

30

4. The method of claim 1, wherein the step of determining a

characteristic of the second channel comprises the step of
determining a received signal strength indicator (RSSI) of the second

| ‘R A
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met hod of claim 1, wherein the step of determ ning the characteristic
of the second channel conprises the step of ~determining a bit error
rate (BER) oWwolslvesémecond channel. 5 6. A net hod ofpornispgmaiong
interference in a cellular system conprising the steps of: 10
comuni cating between a first site and a first conmuni cation unit on
a first channel, the first channel associated with a first group of
channel s; nmonitoring by the first conmunication unit, a
downl i nk 15 conmmuni cati on si gnal traniﬂgtted by a second site, said
downl i nk comuni cation signal resides in the first group of channels;

determning by the first comunication unit, a characteristic of
signal usability5f drhéh&ﬂw\ﬁfcnknqqrwnmmhe@ mmam the

transmtting bytc tek_ﬁ ?tosMe a
signal that includes chayacterl na E
estimating by thﬁetqwmm “Wé’é@r@%ﬁ’é@&@i& gqn 1gna| 25

usability bet$een a second conmunication unit and the second site;

and handi ng off the first conmuni cat lon unit based on the
estimate S characteris 7. The met hod of
clai m 14, wherei |§ Ef &‘Qﬁ‘%fm ﬁag Hftgrence n acallularsys step of
determini ng a r econprising gmstepstofengt h i ndi cat or (RSSI ). 35
10 communicating between a first site and a first communication
unit on a first channel, the first channel associated with a first group
of channels;

monitoring by the first communication unit, a downlink
15 communication signal transmitted by a second site, said downlink
communication signal resides in the first group of channels;

determining by the first communication unit, a characteristic
of signal usability for the downlink communication signal;
20
transmitting by the first communication unit to the first site, a
signal that includes the characteristic of signal usability;

estimating by the first site, a second characteristic of signal
25 usability between a second communication unit and the second site;
and

handing off the first communication unit based on the estimate
of the second characteristic.
30

7. The method of claim 14, wherein the step of determining
comprises the step of determining a received signal strength indicator
(RSSI).

” R




WO 97/ 28619
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nmet hod of claim 14, wherein the step of determ ning conprises the step
of determning a bit error rate (BER). 5 9. A nobile unit capable of
mtigating i W@PT86¥hce, conprising: a tr ansniPCTYPIs13f20
transmtting to a first site on a first channel, wherein the first
channel associated with a first group of channels; 10 a receiver
coupled to the transmtter, for nonitoring a second channel
transmtted froma second base site, the second channel associ at ed
wi'th the first group of channels; : 23 a processor for determ ning

.a characteristic of .4 he con 5 hannel ; .an . . nmeans for
handi ng over the ﬂo#ﬁ@%ﬁ?&ogﬁﬁém[}]ﬁr. . %\}Pglsgep ofdetﬁgggan%n t he
characteristic ofcamprises he steprefndetermining a it errenteadBER).  associ at ed
with a second group of channels having a | ess aggressive 2 0 reuse

pattern than the first group of channels.

5 9. A mobile unit capable of mitigating interference, comprising:

a transmitter for transmitting to a first site on a first channel,
wherein the first channel associated with a first group of channels;

10 " areceiver coupled to the transmitter, for monitoring a second
channel transmitted from a second base site, the second channe!
associated with the first group of channels;

~ a processor for determining a characteristic of the second
15 channel; and

. means for handing over the mobile unit to a third channel
based on the characteristic of the second channel, the third channel
associated with a second group of channels having a less aggressive

20 reuse pattern than the first group of channels.

A



