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1 ' | 2204215 METHOD AND APPARATUS FOR HAND- OFF OF CALL IN
PROGRESS The present invention is generally related to a small-cell nobile

radi o conmmuni cation systemsuch as a cellular nobile telephoéﬁzfy - nd
particuylarly related to a nmethod and apparaﬂus for determ ning" tim f a

hand-off for permtting a nobile station to THA e, el ephone call while
the nobile station is roamng a =

Al ready-utilized prior art . 37 ' and-off are
classified into the following two types: (1) A first type of the prior

art .systemis the systemthat the hand-off timing is deternmned on the
basis of a ratio of a length of tine, in which a detected value of a
signal -to-noi se ratio (hereinunder abbreviated as an SNR) is below a
predeterm ned threshold to the total Ieéength of tine of detecting or

measuring the. SNR an%e( fﬁreseﬂ‘f‘oﬂﬂWnﬁiﬁ?ﬁ i¥ demR iy rdlatesttomd s the
0

systemthat the hand- Imng Is determned on the basis of a ratio of a

llength of tinme graihicdl B b ofhdidl Wontlurivesiieoar syistienl sictergt fa i nput

(herei nunder abbreviated as .an RSSI) is below a predeterm ned threshold
val ue to the t @edllilar Mdbikatelephdne sYEten And/ pardicuistrdy ofelated to

first type (hereunder referred to sinply as an SNR syste
a method and apparatus for determining timing of a hand-off
for permitting a mobile_statidn to continue a telephone call
while the mobile station is roaming across different small

cells.

Already-utilized'prior art systems of determining
timing of a hand-off are classified into the following two
types: _ | |
(1) A first type of the prior-axt system is the system
that the hand-off timing is détermined on the basis of a
ratio of a length of time in which a detected value of a
signal-to-noise.ratio (hereinunder abbreviated as an SNR)
is below a predeterminéd threshold to the total length of
time of detecting'or measuring fhe SNR; and
(2) . Another type'of_the prior art system is the system

~ that the hénd-off timing is determined on the basis of a
ratio of a léngth of time in which a detected value of
received signal strength.input (hereinunder abbreviated as
an RSSI) is below a prédeterhined threshold value to the
total time 6£ measuring the RSSI. A typical system of the

first type .(hereunder referred to simply as an SNR system)

-



-2- is the NORDI C nobile tel ephone systemand:.further that of the second
t-ype, (hereunder referred to sinply as an RSSI system) is the small-cel

nobi | e tel ephone system devel oped in the United States of America v
(hereunder referred to sinply as the U S-Zellular system). Turning now

attention to Fi 5; there |s illustrated a bl ock dragrantof a conventi onal
hand-of f ti mlﬁgid\ﬁ %ysyst@m ug thesTRdngtr of
CORPORATI ON i.n the: Unrted States of Anerica. thrs i ure t he reference

numeral 1 dedifgn&econd (tyRs fhareunds eFef?reF d’r‘P e F @F a’WpIRSfSIer

f 5

it thr lrr?d.x%r o SHEFRINAF TR Gmald el o ﬁl[ea%e@r? R 1 sq%re.tr'orpsetd
Sacond | ot or ABe m‘ﬁt*éfq‘t?eﬁf Qt%r et eﬁrétr’@%e&%erfo% €8 ont or

10 an SAT si t8e s )2 | ogi cal
crrcurt/cont%gﬁkﬂgf 39%5 an ou a@r%ﬁﬁg%%'Next the operation of this
systemw [l be expl %dﬁﬁﬂ&rﬁm%mt grrgftd‘ ey tHed 5% rﬁq%t%éaa

the receiv- ing antenna 1 are anplified by the I gh-frequency anplifier 2

Then, the anpl blikk diGiam (dOE idohvaiitdonall -0 dinisfy Wdthe &t iyl s

frontthe oscillator 4 by the first mxer 3 to produce first
i nt er nedi at e siystene ProposE@Iy, B redhngless ASTRONSE CORPORATION G e

obtained first internediate-frequency signals by use of the band filter 5

and are conv®&ni¢ed States @ftl Amerdroaadi dine -tflriaqtﬁarwes,i dihed o dfie tercesecond

station-originating signal oscillator/second m xer 6. The second

i nt er medi at e Indy deisjignatesmderngeeiving antenna- 2 a high frequency
amplifier; 3 a first mixer; 4 a first station-originating
signal osciliator; 5 a first'intérmeaiate-frequency filter; “’
6 a second station-originating signal oscillator/second '
mixer; 7 a second intermediate-frequency filter; 8 a second
intermediate~frequency amplifier/discriminator; 9 a noise
detectof: 10 an SAT sighal detector; 11 a comparator; 12 a
logical circuit/controller; and 13 an output terminal.

Next, the operation of this system will be explained
hereinbelow. HiQh-freéuenéy signals received by the receiv-
ing antenna 1 are amplified by the high-frequency amplifier'
2. ‘Then, the amplified signals from the amplifier 2 are

‘combined with signals from the oscillator 4 by the first ~
mixer 3 to produce'firstlintermediate-frequency'signals.

Desired waves are selected from the thus obtained first
interﬁediatedfrequency signals by'use of the band filter 5

and are converted intd second intermediate-frequency signals

by the second station-originating signal oscillator/second

mixer 6. The second.intermediate-frequency signals undergo



-3- a selecting process in the band filter 7. Further, the thus selected
signals are converted into voeice-signals by the. internediate-frequency
anplifier/discrimnator 8 and then the'vdt3§§ignals are fed to an SNR
detecting circuit which is conposed of the noise detector 9, the SAT signa

detector 10 andt ég%ﬁﬁ : i i coNt Pyt eHEE -thd IHus
audi o tone (he%euér@eér: a 3{%%%# a%q]%&\%) H;‘a%grs“ﬁi;lac:ezr a@'di '?;dg:n to ordinary

signal s represefyydisk. i&f‘én"f Carf el Al dISRALde dIYHAIY 1y MtHe ts,
and three Kki ndgé% é}g\/\k/aé\//ae)s na?m{ly, waves of 5970 Hz, 6000 Hz and 6%’30 Hz)

are-used as thejn¥drmid JH@t 6-£ Fedundy ampdl £ 1d rBfd it afinalter A&’ didn i s
detected by the signal detecting circuit 10. On the other hand, noises, of

whi ch frequencitge afeicé Osignal § herd rfgl e ar SN ddectsingmadircauit which
detected by the noise detector 9. Thereafter, an SNR is eval uated by
conparing a vol isgeomposed Sobfthdmaite derbatigmd, tthen SAT tsiggndle\ddtagtefr
the noise in the conparator 11. An output of the conparator 11 is at a

| evel indicating0"and thatconperatér (kv e Phiervaidge rgignals SApI3inSURAF
l.evel " when the eval uated val ue of the SNR exceeds, or equals . .
predet er mi ned tWiFY| audiortonet thereunde ymbbrgeiakead ¢ W%pﬁlm%dfn
I s at another |evel jndicatiggi"off"'state t her eof (.here- underr%%&wrg&&to
sinply as "of f "ad@ieion ke oFRipRrhF R 18R RGP cal T 7€ |

cirour ) contr ol ¢, 17 AL 0L Sed {8 hSnBlof LERAIILE! dAdTenide hikds (6P
waves (namely, waves Of 5970 Hz, 6000 Hz and 6030 Hz) are
used as the SAT signals in the U.S; cellular system. _The
SAT signal is.detectedlby thé_siénal detecting circuit 10.
On the other hand, noiseé, of which frequencies are close to
the frequency of the SAT_éignal, are detected by the noise
detector 9. Thereafter, an SNR is'évaluafed by comparing a
voltage level S of the.deteéted-signal to a voltage level N
of the noise in the.comparator il. An output of the
comparator 11 is at a le§e1_indicating "on" state thereof
(hereunder referred to éimply as "onf level™ when the
evaluated value of the SNR excéeds or equals a predetermined-
threshold (for instahce, 20 4B), whe;eas the output thereof
is at another level indiéating'"pff“ state thereof (here-
under referred to simply as'“éfff level) when being below
the thteshold. The logicéi cirduit/cdntroller 12 detects

a ratio of a length of time, in which the output of the
comparator 11 is at the "off" level, to the total time of

the“measurement of an sﬂR.' If the detected rate exceeds

the threshold, the logical circuit/controller 12 sends out



conparator 11 is at the "off" level, to the total tine of the neasurenent
of an SNR If the detected rate exceeds the threshold, the | ogical
circuit/controller 12 sends out 4 a hand-off request by putting the
outpuyt ‘termnal 13 at a level indicating "ON' status of the SNR detecting
circuit (hereunder referred to sinpry'%s'"ON' status level). On the other

hand, the RSSI_ syst enpl oyes an RSS) detecting circuit | ch, substitutes
for i he abdy BABEAIE APRITe UMD RT AT A (OBEEt SHERAASL i (k2 | n the
RSSI det ecty I CAd T Dy USE Q0 T Lm |ar ux € 1N R .
det ecting c]iér%ullct-jir?%éadteb%ﬁi bée}%' a%%/é#éneéght ér_io%&gaér é%'giﬂﬁn %{]te%gf\%cti rr‘é-‘i
timng of a g i . P | system
Conpar i _sona‘bet meﬁ%%?@?%‘gnéf%ﬁ%g{{m re\%ﬁu% #ée‘?%ﬁ owi ng fact.
First, in case that 3§ a0fdtotNEr HEhd ; CEld SREST ' EmPl 6PE9esh t O
overlap with each other slightly or in part, the R system sur passes the

RSSI syst elRSEI [GREIYUHEY & D i Wi d IRl s €iptPEdd NEbE | tAd Galkdve hand- of f
because the SNR can detect disturbances caused by interference or the like.

However, i dexmacdBdiisSNbhaeticeiny ¢ivcubnes, MEramp Vi h Bacthed heinin
| arge part, the RSSI system surpasses the SNR system because the RSSI
syst em can thet RSSThidgtdR3ding Icimpiikte byf using felee similar proceduszs no
system which is capable of optimzing the tining of a hand-off in
accordance 8@ tin the SNR detecting circuit.
As described above, eéch.ptior art system of
detecting timing of a hand-off employs either ghe SNR
system or Ehe RSSI system. :COmpa;isoh between these SNR
and RSSI sgsiems reveals ghe following-fact. First, in
case that adjacenf two small-cells'ot'zones are arranged to
overlap with each othe: slightiy ortin part, the S&R system
surpasses the RSSI system at_pe;fOtmanceiéf appropriately
detecting timing of a_hanﬁfoff pécause the SNR can detect
disturbances caused.by interfefenée or tﬁe like. However,
in case that the adjacent tﬁo zones overlap with each other
in large paft, the RSSI system sdrpasses'tﬁe SNR system
because the RSSI system can detect high RS51. 1In spite of
this facf there is ptcvided_no‘system which is capable of “
optimizing the timing of a hahd-oft in accordance with
every type of zqﬁe arrangemént. The present invention is
made to_obviate-the above-described ﬁroblems of the prior

art.

| According to a first aspect the present invention



every type of zone arrangenent.: The present invention is made to obviate

t he above-described probl ens of the prior.art. According to a first aspect
the present invention -5- provides apparatus for effecting a hand-off of
a call-in- progress in a cellular nobilg gadi o communication system
including si gnal processing neans for processing the signal received froma

nobi | e st ati orpr¥evilkes M&tw ﬁBP EffeSPimpd ﬁam'léﬁﬁe@ﬁsékﬁi‘ﬂ—m-

i ndependent |y ach for sglectl at..| easg
detected SNR %%éﬁ§°$€ﬂu ﬁ@e $ %Hlﬁﬁ€§°?h%Y§E?%cted
SNR»and/ or Rsanckncbhhg)vs:bgnml rpsqmeshngg meaiss cfor rpnbd:daseﬂi@l the agighaBns

f d d R and
RCS)rSI 5?2 IbglgoOU%?le predefl}eém ng%&% res%t%i%??%g&)&jb‘?éea%%r?# %ﬁﬁ Wigl
“period. The i RESE simpltanepusiyicand independently ofideach other:;
call-in-progress in a C%éé&hélrf&?bséfeé@ﬁe wme%ﬁe%fyﬁér&ew&w&' ng

the steps of: converé a signal received froma nobile station into an
i nt er medi at e- f nal detecting both an SNR and an RSSI fromthe

i nter medi at e-frequency Sheums SorhéRering ya ineé npepiodamién thé 's€bébted

other; SNR and/or RSSI is below a corresponding predeterm;ned
threshold; and .
means for sending out a hand-off signal when at
least one of the selected SNR and RSSI is below the
predetermined threshold during a predetermined time period.
The invention also provides a method for a hand-off
of a call-in-progress in a. cellular mobile radio
—

communication system, including the steps of:

converting a signal received from a mobile station
into an intermediate-frequency signal;

detecting both an SNR and an RSSI from the
intermediate~-frequency signal simultaneously and
independently with each other;

selecting at least one of the detected SNR and
RSSI; _ |

measuring a time period when the selected SNR
and/or RSSI is below a corresponding predetermined threshold;
and ' - . .
' _ 'sending out a hand-off signal when at least one of
\ the selected SNR and RSSI is blow the predetermined threshold

during a predetermined time period.
According to a further aspect the present

invention provides in a cellular mobile radio communication
system having a central switching office provided with a

hand-off apparatus for determining optimal timing of a



selecting at |east one of the detected SNR and RSSI; neasuring atinme
period when the selected SNR and/or RSSI is bel ow a correspondi ng
predeterm ned threshol d; and sendi ng out a hand-off signal when at | east

one of the selected SNR and RSSI
a predetermined time period. According t¢
i nvention provides in a cellular nobilPe Tradio.conmmunication system having a

central switchi

opti mal

I's blow the predeterm ned threshold during
to a further aspect the present

IR A Gt IR MIBRGE Y o

out a handnalria-teghali diall N AL dUREnAdR Ained dBW 1ilda-ot e W al ity of

base stations an

e station, sal’

f apparatus 1 ncluding:

signal i npeuFRAnS Y Uf R \Geak e N i ok 1e edtilongaueney signal

froma nobile station and for converting the anpli.fied signal

into an

i nt er nedi ahemig-se Hpp il JindludiRgdet ecting circuit connected to said

si gnal

voi ce signa

a first

i nput means for converting the internediate-frequency signal
and for sdejresdt iinpur WdEAna’ flore rededar isiggamd angbIfidryiogt @ut ti ng
"on" state signal when the detected SNR exceeds or equals a

pr edet er mi hdgh-frequency signal from a mobile station and for

converting the.amplified signal into an

intermediate-frequency signal;

into a

an SNR detecting circuit connected to said signal

input means for converting the.intermediate-ffequency .
signal into a voicé“signal and for détgcting a SNR of the
voice sighai and for oﬁtpuftihg.a first "on“.étate signal
when the detected'SNR exceeds or eqdals a predetermined
first threshold and a first "off" state signal when the
detected SNR is below the first threshold;

an RSSI deteéting cifcuit_cqnnected to said
signal input means for detecﬁing RSSI of the
intermediateffreQuency siénal ihdependently of said SNR
detectiné circuit means and fdr outputting a second "on"
state signal when thé detected RSSI exceeds or equals a
predetermiﬂed second threshold.énd a second "off" state
signal when the detected RSSI is below the second
threshold; and

control logic means connected to both said SNR

and RSSI detecting circuit for selecting one of the outputs

from said SNR and RSSI detecting circuit, for measuring a

4



first threshold and a first "off" state signal when the detected SNR is
bel ow t.he first threshold; an RSSI detecting circuit connected to said
signal input nmeans for detecting RSSI of the internediate-frequency signal
i ndependent|ly of said SNR detecting circuit neans and for outputting a
second "on" state signal when the detected RSSI exceeds or equals a
predeterm ned second threshold and a second "of f" state signal when the

detected RSSI fiirdiel @iedhel span b A Qlbn e GEtdXed NI JRHMEST is

connected to both said SNR and RSSI detecting circuit for selecting one of
the out puts frixdoaitheSNR Areb Rl i mtetfRitdth O Cidenond dhe STRASUMDYIO: Baing
-7- first total length of tinme when the selected SNR or RSSI is bel ow the
correspondi ng Yhe sfti mst smxcosebdrid SR dhate Bignahe for dvaluasteiomnd " of f
state signal, for evaluating a ratio of the first total length of tinme to a
predet er m ned fatdurafhgthe rMbinsgt thotad\NRengtRIE time &9 as@mideteamined
hand-of f signal when the evaluated ratio exceeds a predeterm ned third

t hreshol d t heMaRBWEkRG f e PhhadiNR iandh RSHT anthrfiphigensing out a
call-in-progr?%l. Accordj ngly, with the present_invention a method and

appar at us for tengnREhgigial; whan the svaduaked Ratio &xqe8d9% iding of a
hand-of T by Viprrteléee toefrmainceodrTJO tlhniartd c{:r]'l roefst;[oqed %:[\tll% rséiasg; eég taenrq!lfnhiengRscasgalt isn}/as.lt em
timing of a hand-off of a call-in-progress.

Accordingly, with tﬁe ptesent invention a method
and apparatus for é hand-off of a call-in-progress
optimizes the timing of a hand=off by virtue of a
combination of the SNR sfétem and the RSSI systemn.

A method and apparatus for a hand-off of a
call-in-progress according to the present invention is
arranged such that both a ratio (hereunder referred to
simply as a first ratio) of a length of time, in which a
measured value of SNR is below a predétermined "threshold"
to a total length of the measuring time, and a ratio
(hereunder referred to simply és a second ratio) of a
length of time, in which a meaéured vglue of RSSI_is below

N~ a predetermined "threshold", to a total length of the
measuring time are detected and that the first ratio
functions mainly when the "threshold" of RSSI is
predetermined to a relatively low value; and the second
ratio functions mainly when the "threshold" of the RSSI is
predetermined to a relatively high value, thereby

optimizing the hand-off timing.



A nmet hod and apparatus for a hand-off of a call-in-progress according to
the present invention is arranged such that both a ratio (hereunder
referred to sinply as a first ratio) of a length of tinme, in which a
nmeasured val ue of SNR is below a predeterm ned "threshold" to a total

| ength of the measuring tinme, and a agie (hereunder referred to sinply as
a second ratio) of a length of tinme, in which a neasured value of RSSI is
bel ow a predet erm nedTdt bvaihakd"” theofdrset abtliengcbootiingetoesheri ng tine
are detected and that the first ratio functions mainly when the "threshaql d"
of RSSI is presentrinvedtiona ackatalelgngbiv tal of; timé thewbécbnd ratio -
functions mainly when the "threshold" of the RSSI is predetermned to a

rel ativel y RegduyafuealupepEb§NBpbeingi hglowe thatdosf thei predetermigedTo
evaluate the first ratio according to the present invention, a total Ilength
[err] of tinkhrashpieh wikbisupedenatheTot SRRtBEI MgaBRF &Rt RaReolst he
predeterningd "thres?old? mﬁthhn a Iength Lerrg of the ne suring time is
first eval UbtESt SRatuaked.r, Therepfter, tpg firpt ratip: dFpddibyidi vi ding

[ : her. .the d ' f d ' di
the present OFFBLAERoRY | SLBEFBR ey LREBNEL sarboRagoe ThERACPBLEFEROBI SEne
SNR and RSy angetBRaoeLtt B9a8bot HEng! D6CEHE! BreBbnt"EntiRed6 8 FOTmed by

usi ng hardware of a receiver
performed in the same way. The detection of the SNR and

RSSI and the setting of the "threshold" of the SNR are

performed by using hardware of -a receiver, while the

setting of tl_and T, and of the "threshold” of the RSSI is

1
performed by utilizing information in the data base

provided within a.central switching office.



setting of [err] and [err] and of the "threshold" of the RSSI is perforned
by utilkizing information in the data base provided wthin a central
switching office. As descri bed above; thespresent invention can provide
optimal. timng of a hand-off in relation torijhe gi ven arrangenent of the
smal | -cell's or zones b

Ki . f i tion of,the SNR t
the RSSI system O herX§E$%%$€1§%§ %&‘?/‘Zﬁfg . én&éggfégp?'é‘é%h?lqﬂs ; ?Qr)n?f?‘{r/]\fq?
b d tood b . [ ill Lpth t, aft f ' to th
deta | ed- descr Ot NS BLnBhd O Aiidiot i rdlds fincle (RS GL0R Do e
ar o Coher e pe o . 2 t .
 handlor he " safranadhent Of dcbe dfatl S PIR Ve HodeP U Wi o R R 107
an expl anat ory 4ll QGifiBih&Rvh NGF Ehe XSKR! Sy Sler Cirig [ LHY AAGT Tdylefind second

ratios in accordance wth the present Invention; Fig. 3 is a flowhart for
illustrating a procedure of determining timng of a hand-off in one
enbodi nent of the present invention; Fig. 4 is a flowhart for illustrating

another procedure of detkerisbiects rang advantwges bf tie oprdd@it eivnsh tion
of the present invention; and Fig. 5 is a block diagram of a conventional

apparatus or sysiklnberundérstioad fbyftho salof iordimaryesskill irs tle bertot ed
that the sane nunerals indicate the
after referring to the detailed description of a preferred
embodiments contained herein and to the drawings, wherein:
Fig. 1 is a block diagram of an apparatus or system

for a hand-off of a call-in-progress embodying the present

w invention;

Fig. 2 is an explanatory diagram showing an example
of detecting the first and second ratios in accordance with
the present invention;

Fig. 3 is a flowchart fdr illustrating a procedure of
determining timing of a hand-off in one embodiment of the
present invention; |

Fig. 4 is a flowchart for illustrating anbther
procedure of determining timing of a hand-off in another
embodiment of the present invention; and

N

Fig. 5 is a block diagram of a conventional apparatus
or system for a hand-off of a call-in-progress.
It is to be noted that the same numerals indicate the

like or corresponding cOmponehts.in the figures.

Hereinafter, one embodiment of the present invention

will be detailedly described with reference to the



‘i ke or cor
enbodi nent

reference t
t hrough 13

(excl udi ng

nuneral 14
circuit/con
system of d
bel ow the "
a flowchart
detected in
A total len
the "thresh
Fig. 2 as f
ratio of th
time. On th
i nvol ves a
si gnal osci

respondi ng conponents in the figures. Hereinafter, one
of the present invention will be detailedly described with

o the acconpanyi ng dramﬁngsﬁ>ln Fig. 1, reference nunerals 1

i ndi cate the sane conponents as those in the prior art system
software).  An RSSI _detector ggnerally i ndi cated by reference
h2SCRMPAnY DY GEAWiRGF.coffcEige lo ERfeRENEepupmespls Logi cal

troller, 12, Fig, 2 is an explanatory diagramjllustrating a
ctREonal L3erab°BFetFﬁﬁ fRER S°BBP€E

B8P na P b bYefent (e BpLnaCRpRE AT RLna. B RPE LCkecsRE S | <

RER 96| LBOBE ERCtRSS| i

e

e YTy TAFkatRa v, RErGRNER ABHA FAE 1 F BNE e feBt o

O&rnifiadl UsHnbYeSH ELIn enBhE ' BHPL Obs!&MBobicayd LD shown i n

Irst rat10”1's Conputed from a

ecipéalit 68&&?011&9 g2l ength [err] of the current neasuring

e ot her Kand, In case of the RSSI system the detection of RSSI

ffgfogjngggki%yiagaﬁneﬁplauateiyadsaggaﬂ $1 ahberaeihgi Aati ng
system of detecting a ratio of time when a detected value
of the RSSI is below the "threshold" to a length of time of
measuring the RSSI, Fig. 3 is a flowchart showing proce-
dures for issuing a hand-off request.

The SNR is detectéd in the same manner as in the
above-described conventional system. ‘A totél length t of
time in which the detected value of the SNR is below the
"threshold"™ is given by summing up periods of time ta and tb
shown in Fig. 2 as follows; a

t=ta+ tb

Further, the first ratio is computed from a ratio of
the total length t to a length T, of the current measuring
time. .

On the othef hand, in case of the RSSI system, the
detection of RSSI involves a step df amplifying an output
of a second statidn-originating signal oscillator/mixer 6
by use of the RSSI detector 14 including a logarithmic
amplifier and further steps of rectifying the thus amplified
output to produce DC output. The outéuts'of the RSSI
detector 14 are sampled 100 times per 1 millisecond by means

of the controller, and a resultant mean value is compared

3



by use of the RSSI detector 14 including a logarithmic anplifier and

further, steps of rectifying the thus anplified output to produce DC output.
The outputs of the RSSI detector 14 are sanpled 100 tines per 1 mllisecond
by means of the controller, and a resul tant=thBan val ue is conpar ed with

oy ect Eéeigf’tg""bﬁffﬂ e cnf RFCshofar “SPRsEE, L onitn the” éﬁrh%éq rﬁ%eﬂ%i Sy
d al ue Br- Ne"RsSH . i

t hé?ﬁ%ng- E):‘ Per gq%][’\?\# H’h%‘i g@%@#%@%%@&?%‘%%?%&%%%#ﬁ nﬁé t%ﬁ]%vlén&gm
]:):‘ C)t hea'[ E)t gr rla%gt% ET er%?hg?éltl rr%@%\}'u%an ?%gﬁ}je% e@% Z%tt\:/%%lgé og Eﬁ;\! or E{ 3 :Jg

bel ow the predefgrdn edhreshol d" there- of, a predeterm ned value of the
| ength [err] of the time for measuring or detecting SNR or RSSI and a

"threshol d” of RSSI fofeg€| eEhé NSr SEECaREe [FEr DEndWg it €S LIaRd 2d fef
down-1line- |oaded fromthe data base provided in the central swtching

office to the Imgyuedt cwiTli bé CaedcPibed Her@ivbelow) heofsi iy tdetind n.
The subsequent step of the procedure is to determ ne whether the

"threshol d" of flowdinsttiefreigii¥ely high or low, that is, whether the
"threshol d" is bel ow or above a preset value (step.S1). If below, the SNR
systemis selected (stap ©2¢. tOmtofirthe, systemostart hea A3Rdetsrrined
sel ected (StEp‘éi?de of the total length t, of time when the detected value
of SNR or RSSI is below the_predetermined "threshold" there-'
of, a predetermined value of the length T, of the time for
measuring or detecting SNR or RSSI and a "threshold" of RSSI
for sélecting one of the SNR“and RSSI systems are down-line-
loaded from the data base provided in the central switching
office to the logical circuit/controller 12 and are then
stored therein. The subséqﬁent step of the procedure is te
determine whether the "threshold™ of the RSSI is relatively
high or low, that is, whether the "threshold" is below or |
above a preéet value (step Sl). If below, the SNR system is
selected (step S2). Contrarily, if'above, the RSSI system
is selected (step S6). -

First, in case that the SNR system is selected, an
output of the SNR deteéting circuit, that is, the output
level at the output terminal of the SNR detecting circuit
is read to judge whether the level of the output terminal
indicates "ON" ot "OFF" status of the SNR detecting circuit,
that is, whether the combarator 11 outputs the "off" state

signal or the "on" state signal (step S3). If the output



First, in case that the SNR systemis selected, an output of the SNR
detecting circuit, that is, the output |level at the output termnal of the
SNR detecting circuit is read to judge mg ther the |evel of the output
termnal indicates "ON' or "OFF" status df the SNR detecting circuit, that

i's; whet her tl%%clorgg;ﬁ;ﬁorte}}n-%&pgtf i3 catiels J?lf‘h%t%it%%a'(gﬁ\%fgqg " e

state signal (step f the out put I"'eve e termn I Adi cat es

"ON' status Ghftput! Df e Umparatior! 19 GpdIvated’ "bf fEtedlcds Uhe State
of the comparator 11), the currently existing data of a t-counter are .

shifted one @oftiparaitdt tllF)C}Sit‘HeO'&drS:@?mxl)e«xi@ﬂn@ dalte DFR W-Wuhter

(corresponding to a given clocking perio Is added to contents of a
storing nmeansref @hiftadlone digiteorcditt Posiltdotédep &49r,r ahd atathe
T-counter) provided in the logical circuit/controller 12 for counting the
ti me passed samee ttime Jt acorafesponding ¢ot adgiven @lockimegaperdodierts of
the SNR If tine of [err] has el apsed.-since the start of the detection and
further the @ddedbhimicenteants 0§ laastordagumeadns, SorSeRasplest amotherhe
previous neasuring time of [err] is left in the t-counter, the data are
del et ed becagounger Hhierenndede Feferreds tos@sp asycounte ryo Praviides imhe
t-counter, which_is used to represent the tqtal I|ength t of tine when the

detect ed SNRENE Joghgalhcitapidtdconprolier ddeford ng) tpe tdmenhe t ot al

| orceed | ek sl iele I 30 o " he’ SSRGS ‘e
ment of the SNR. If time of T, has elapsed since the start
of the detection and further the data obtained by the last
measurement of SNR effected in the previous meésuring time
of T, is left in the t-counter, the.data are deleted because
of their unnecessariness (step S10).

The contents of the t-counter, which is used to
represent the toﬁal length t of time when the detected SNR
is below the "threshold", are checked (step Sll). If the
total t exceeds t,, a signal indicating the hand-off request
(that is, a hand-off signal) is issued (step S12). If not,
the system proceeds to the next task (step S13). The task
shown in Fig. 3 is executed every clocking period, and hence
the hand-off request is sent out just when the hand-off to
the next zone is required due to deterioration of the SNR.

Next, in case where the RSSI system is selected, the
mean value'of the detected RSSI is evaluated by executing
another task to make a comparison between the_mean value and
the "threéhold' of RSSI (step S7). 1If the mean value is

below the "threshold”, the presently existing data in the



the system proceeds to the next ‘task (step S13). The task shown in Fig. 3
I s executed every clocking period, and hence the hand-off request is sent
out just when the hand-off to the next zone igs required due to

deterioration of the SNR Next, in case wheredthe RSSI systemis sel ected,

t he nean val ue of the detected RSSI .is evaluated by executing anot her  task
to make a conparTSOMNEEFWRER BRifRedong| dLoihd ?ﬂé s%ﬂ?%%ﬁ%gﬂ“s%y Rsip

xi sting data i ROORE o EbECoRRERRER Lok Fhe A ERUREFE | STREFSRSBH ¥ncbe
1 i s added f.Lthe. I- .
ime is determ RERT BEnesadnkb BeCebRIALE. 1p VHECHHER pYogipBrataf fhdse

Directing now abfephboBnkOglklem4: there is shown the flowchart of the
procedure of anot her enggdf n?mof the present invention. The detection and

eval uation of both thepRpskt2ng SHIR é_ﬁtéﬂﬂf&ﬁ“ébywﬂe&% eghepgai s SRSwR!
the "threshold" of the RSSI; and if timng of a hand-off is determ ned from

either of the eyhéuplowWchaktesfothéhprosedere dofCahderet i éfbodikesecond
ratios [err] and [err] the hand-off request.-is issued (step P13).

General |y, as sthenpreséhtsifivgntiona fThetdebdctsionnandecévalwationaofl both
[err] respectively. Further, as t in the enbodinent of Fig. 3, [err] and
[err] indicate theecRASKdandf SNReigsoconstamyiy ef fecteder ependlees def ethed
o eohol ds" . "Ehreshold™ of the RSSI; and Sf timing of & hand-oft is
determined from eitherlof the evaiuated values of the above- -
described first and second ratios (t/T), and (t/T),, the
hand-of £ request is iésued (step él3). Génerally; as

shown in this figure, a first and second sets (t,, T,) and
(t,r T,), respectively. Further, as t in the embodiment of
Fig. 3, t, and t, indicate thresholds of the total length t
of time when the detectéd values of the SNR and RSSI are
below their corresponding predetermined "thresholds",
respectively. Thus, in this embodiment, a t'-counter and

a t"-counter are used to measure such total lengths of the
time in which the detected values of the SNR and RSSI are
below their "thresholds", respectively (steps P3 and P8).
Furthermore, T, and T, indicaté "thresholds" of time passed
since the start of the detection'of the SNR and RSSI,
respectively (steps P4 and P9). In this embodiment,
"thresholds" of the first and second ratios (t/T), and
(t/T), may be reset to be different from each other. Thus,

in general, data t,, t,, T, and T, can be set in the data

base of the central switching office such that t, # t,; and



respectively. Thus, in this enbodinent, a t'-counter and a t"-counter are
used, to neasure such total lengths of the tinme in which the detected val ues
of the SNR and RSSI are below their "threshol ds", respectively (steps P3
and R8). Furthernore, [err] and [err] indi'@ate "threshol ds" of tine passed

since the stgrt pf the detection of the .SNR gnd RSS , respectivel st eps
P4 and P9) .. Iafrﬁ t’ﬁlTs' 'eht}godﬁ%ﬁ', r}'n[ R G Ekg}esten?aftiar ear‘r‘&"sagéén%ertat i 0S
(t/T), and (%@T&b|Y3hé¥3reset to be different fromeach other. Thus, in
general , data [erg] and [err] can be set in the data base of the central,
switching office -such that [err] and ' 14 ] arghgiowever, in practice, ™
these data are usually set as follows:ﬁﬁyr] 3’n "accordance with the
procedure for sending out the hand-off equest in addition to those in the
above- descri bed enbodi ment, the tinming df the hand-off can be deternined
froma ratio -of tinen idtod¥dahcR Witth A Prddedutd FoIreGendin) GutSThe S
bel ow t he corresponding "threshold", to the total |length of the neasuring
time. In thi harroff tequdst ain addi tildmitoed ses Hnwvthen abuivies-des clalbed 1
A Truth Tabl e RSSI - SNR OQUTPUT [err]

embodiment, the timing of the hand-off can be determined

from a ratio of time, in which either one of the detected
SNR and RSSI is below the corresponding "threshold", to the
total length of the measuring time. 1In this case, a truth

table is obtained as shown in Table 1.

Table 1

lA Truth Table
RSSI SNR OUTPUT
0 0 0
1 'S | 1
0 1 1
1 1 1

Furthétmo;e, it is possible to determine timing of
a hand-off from specified equations and a truth table by
combining all the factors such as the "threshold" itself of
SNR, the first ratio (t/T),, the "threshold" itself of RSSI,

and the second ratio (t/T),.



Furthérnnre; it is possible to ‘det erni ne timng of a hand-off from
specifjed equations and a truth table by coglining all the factors such as

the "threshol d" itself of SNR, the first rati® [err] the "threshold" itself
of RSSL, and the secopgrifbr? LEEhbugPriEUEhQ?Ebo%?La%Fg ibeat B bodiments,

above-descri bed enbodi nents, noi ses, equencies o are close

those of the SfAdise8hakeeqabfcibis! bEcdhich deecelbse b theseNBE thel Bad SO
feasible to detect the SNR by enpl oyi ng out-band noi ses. Further, although
noi ses, frequegignalsf, wiectthidizedcforcdetection of the SAR,siendksalsoe
utiltzed for the detection of the SNR in the above-described enbodi nents,

it is also feafelaséblle teot detechethBRRSNR bypenmployingt onsrbandi nedses. 16 -
1. Apparatus for effecting a. hand-off._ of a call in-progress in a cellular
mobi | e radi o communi cati on system 'includi ng signal processing neans for
processing the signal received froma nobile station to derive both an SNR
and an RSS| simultaneously and i ndependently of each other; neans for
selecting at |east one of the detected SNR and RSSI; neans for neasuring a
time period when the selected

N Further, although hoises, frequencies of which being
close to those of the SAT signais, are utilized for the
> detection of the SNR in the aboveQGescribed embodiments, it
is also feasible to deiéct.the.SNR by employing out-band

noises.



SNR and/or RSSI is below a corresponding pkedeternined threshold;-and means

for .sending out a hand-off signal when at |east one NR and
RSSI is below the predetermnned threshold during a pr

period. 2. Apparatus according to claim1 wherein s ﬂ]ﬁ lﬁlﬂ“ﬁgﬂ“ i ng
means i ncl udes nmeans for converting The®rBcei ved 5|

i nternmedi ate frequency signal and der g NR and RSSI ~t hereof. 3. In
a cellular nobile radio connunlcatloﬁii§2PJLE§é$|ng a central smntchlng

of fice provided with &.handppeairaimsafar e ffectdete aihunt-ofE icfla tdd’jll

Che et or i SedE fe’?é*s?”i%nﬁ?%ﬁ“ IR 2l Mol clan Fyften,”
mobi | e st at ABRLUGANG Bdemads mﬁ%ﬁuﬁmpmgﬁsﬁiﬂmmﬁe redgrma ) or

recel ving apdcaiveisl firom @ Molile Ststith Lrived Biti"uH IS ld ¢ and

for convert lified 5| Into an 1 ntermedi ate-frequency signhal;
-17- an SNRhggE[ ﬁPH@@ M@%Ysﬁn&aqm;ﬂﬁh%ans f or

converting the |nternnéaasefbtesu&cetimgg&ﬂ liedlst SnOio¥e thied Etedtdd Of
detecting a Ra \yoi ce signal and for outputting.a first "on" state
I gnal mhens getec?&d SNR exceeds or equals a predeterm ned
S
means for measuring a time period when the selected

SNR and/or RSSI is below a corresponding predetermined
threshold; and

means for sending out a hand-off'signal'when at
least one of the selected SNR and RSSI is below the
predetermined threshold during a predetermined time period.

2. Apparatus according to claim 1 wherein said
signal processing means includes means for converting the
received signal into an iﬁtermediate frequency signal and
deriving the SNR and RSSI thereof.

3. In a cellular mobile radio communication
system having a central switchin§ office provided with a
hand-off apparatus for-determining optimal timing of a
hand—of: of a call in-progress and for sending out a
hand-off signal at the determined time of a hand-off, a
plurality of base stations and a mobile station, saiad ~~
hand-off apparatus including:

| signal input means for receiving and amplifying a
high-fregquency signal from a mobile station aﬁd for
converting the amplified signal into an

intermediate~frequency signal;



?irst'threshold and a first "off" state signal when the detected SNR is

below the first threshold; an RSSI detecting circui cted to said
signal input neans for detecting RSSI of the inter nH’MBMMHHHm" si gnal
i ndependently of said SNR detecting circuit neans a Ol i L a
second "on" state signal when the detectgg RSSI exceeds or equaﬁs a

d

predet ermi ned second threshold and a séc “off" state signal when the

detected RSSI is bel ow the g Egg%Qéé Q%F?Fqudéggﬂkﬁgkdl%gigaqﬁagignal

connected to both said §NRS g-circui or selectin ne of

the Butputs f g,k AR 0] BASL A3h6CkHAY 15ikbefHbhiakar eFBRAUAEYD 2 first

total length o en e selected”S I's bel ow t'he

correspondi nggfighal AneseGONdikl 83okd Bl BiNGekBotihgSh BNRSBEORMe" O I
state signal, r evaluating a rati 0 of the first total l'ength of time to a

predet er m nedygBasUiigaalll @RAOEorheuePRtéidgRaSEized Fon"ssrditegsighaa
hand- of f signal when the evaluated rati o exceeds a predetermned third
threshol d thewhey addlecdeiteictedopNRMekckiedsngrokeqaalland- prkdetteamined
call-in-progress. 4. A hand-off apparatus as set forth in claim3, wherein
sai d SNR det eftirst thresholdnahddesfirst- "oEf" sitgtel sdgnedt whgnnthes for
detecting an SAT signal in the voice signal;
detected SNR is below the first threshold;
an RSSI detecting éircuit connected to said
signal input means for detecting RSSI of the
intermediate-freqﬁency signal indepehdently of said SNR
detecting ci;cuit means and for outputtiﬁg a second "on"
state signal when the detectéd RSSI exceeds or equals a
predeterminéd second tﬁreshOId.and a second "off" state
signal when the detected RSSI.is Below the second
threshold; and . |
control logic'means connected to both said SNR
and RSSI detecting circuit for selecting one of the outputs
| from said SNR and RSSI detecting.circuit, for measuring a
first total length of time when the selected SNR or RSSI is
below the éoiresponding fir#t or second threshold by timing
the first or second "off" étaie signal, for evaluating a
ratio of the first total length of time to a predetermined
measuring time of the SNR and RSS; and for sending out a’
hand-off sigﬁal when the evaluated ratio exceeds a
predetermined third threshold thereby determining optimal
timiﬂé of a hand-off of a'call—in-progress. |
4, A hand-off apparatus as set forth in claim 3,

wherein said SNR detecting circuit includes:



noi'se detecting means for detecting noise, the fre nc h is close
to that of the SAT signal; and conparing rreans *‘lﬁﬂm signal and
noi se detecting neans for evaluating a SNR fro T signal ’
and Yoi se. 5. Apparatus according tg aLm 3 or reln said selecting
means sel ects the output fromthe SNR and RSS| detectlng circuits according

to the va ue of the segARs 4otEeEng meandl 6Eahuieé‘éﬁﬂbdhﬂgsh‘i claim5

wherein the second t IS set reference to a data base within_

t he Ce”tra&i?&hicfh”Gthébﬁée gignaf;method for a hand-off of a
call-in-progfess-1n a cellular nobi [ e radi 0 conmuni cat i on system |nclud|ng

the steps of: ConVerhbﬂgeadﬁtéﬂeingeﬁehﬁedthOHEQeE&hhben&h&blO&hbnto an
i nt ermedi ate-frequency signal; detecting both an SNR and an RSSI fromthe
'ntef”Ed'afﬁeéﬁéﬂdfﬂﬁt ﬁhﬂanliSIcmbbeneouth;taod theéepArdeipgnpalyi ahdeach
ot her; selecting at | east one of the detected SNR and RSSI; neasuring a
tinme perlod when t hecompacing fibBnandbaneREEd ito bokhwsdg@@ﬂragpondlng
predeterm ned threshol d; and sending out a hand-off signal when at | east
one of thenotsec@etieStibngnueRSs| £08 pvaduatiagpac8¥ReE£xome#hehr eshol d

during a predeterm ned tine period.
detecting SAT gsignal and noise.

5. Apparatus according to claim 3 or 4 wherein
said selecting means selects the output from the SNR and
RSSI detecting circuits according to the value of the

second thteshcld.

6. Appatatus acccrding to claim 5 wherein the
second threshold is set with reference to a data base

within the central switchiné office.

. 7. A method for a hand-off of a call-in-progress
in a cellular mobile radio communication system, including
the steps of: '

converting a signal received from a mobile station
into an intermediate-frequency signal;

_  detecting both an SNR and an RSSI from the
intermediate-frequency signai simultaneously and
independently with each other;

selecting at least one of the detected SNR and
RSSI; | |

measuring a time period when the selected SNR
and/or RSSI is below a corresponding predetermined threshold;
and o

sending out a hand-off signal when at least one of
the selected SNR and RSSI is below the predetermined
threshold during a predetermined time period.



© 19 - 8. A nethod for a hand?offzof a call-in-progress.as set forth in
claim.7, wherein the timng of a hand-off is determ ned on the basis of the

det ected SNR when a first threshold of RSSI is bel owlﬂlmmumm”mm d and
determined on the basis of the detected RSSI when a fliMige tdEkinEld Ml RSS
i's above or equals the second threshold. ,g. A nethod according'to claim3

wherein the first threshold is set with Féference to a data base within the

central sw tching Offi093813;métﬂBHtherrhénﬁaBQfQB% gfﬁg%g?gkkb?gg&%g@ess

as set forth inclaim?7, wherein the timng-o

det ermi ned byagekeet kBgthNenskantifr 791 whekbinl theMe ifehgChbed a0RahRAC ORESI S
of the detected RSSI and second tine detected on the baSis of the detected

SNR 11. A neibodetermankandnoitheObagigabl- kRePGeeeetedaBNREWHEA BN tikst
claim7, 8, 9 or 10 wherein the timng of a hand-off is determned froma

first rati o othtéeshold offi B®SSthésdbedowecd SbBond khkreshaldhand threshold to
a period of tine of detecting SNR or froma second ratio of tine in which

t he detected &8Eerninkdl ow &hki basishofskheddeteatpdr REAIowhenme @first
detecting RSSI. 12. A nethod for a hand-off of a call-in-progress as set
forth in clai khyresBold of R§SEhéschhovireori atinglsf thehandonff thsegbrddni ned
on the basis of & comblgatl gn 2thod according to claim 8 wherein the O
first threshold is set with reference to a data base within
the central switching office.

10. A method for é hand-off of a .
call-in-progress as set forth in claim 7, 8 or 9 wherein
the timing of a hand-off is determined by selecting the
shorter of a first time detected on the basis of the
detected RSSI and second time detected on the basis of the
detected SNR, |

1l1. A method for a hand-off of a
call-in-progress as seﬁ forfh in claim 7, 8, 9 or 10
wherein the timing of a hand-off is determined from a first
ratio of time in which the detected SNR is below a third
threshold to a period of time of detgcting SNR or from a
N second ratio of time in which the detected RSSI is below a

first threshold to a period of time of detecting RSSI.

12. A method for a hand-off of a
call-in-progress as set forth in claim 7, 8, 9 or 10
wherein the timing of a hand-off is determined on the basis

of a combination of said threshold of SNR and first ratio,

and of a first threshold of RSSI and the second ratio.



and of a first threshold of RSSI and the second—+at+e— - 20 - 13. A
met had for a hand-off of a call-in-progress as forth inclaim7, 8, 9
or 10 wherein the timng of a hand-off is determh mmmmm,) s of all
conbi nations of said threshold of SNR and first '} i ﬁaﬂfirst
threshold of RSSI and the second ratio. é4. Appar at us corfst Fucted and
arranged to operate substantially as Te?%iTibef ore described with reference

to and as illustrated j& Figu tp 4 of th _acconpanyi ng drawi ngs. 15. A
nmet hod substantially a%gherggﬁgé?%?eB%%s%r?%%ﬁ %fftheTerence to and as _~
i1 1ustrated ddy f g SSodré s 4aff sd Pt PNy dyawg ngg. o 46,9 A cel I ul ar

nobi l e radi o connunlcat%on systen1|nc$ﬁ Ing a %%n -of f Apparatus according

to any one Qih@éé’iﬂ%ﬂe’teiﬁiﬁ@dof-"a Karfes £f | 1\ SCCOFMLNEa t On 2e OPSs PE

claine 7 to 13 and
of all combinations of said threshold of SNR and first

ratio, and of a first threshold of RSSI and the second
ratio.

l14. Apparatus constructed and arranged to
operate substantially as hereinbefore described with
reference to and as illustrated in Figures 1 to 4 of the
accompanying drawings.

15. A method substantially as hereinbefore
described with reference to and as illustrated in Figures 1
to 4 of the accompahying drawings.

16. A cellular mobile radio ccmmunication system
including a hand-off apparatus according to any one of |
ciaims 1l to 6 and 14 or operating according to any one of

claims 7 to 13 and 15.

i



