*159159* SpeC|f|cat|on 111111 Failure Detecting Device 11 Background of
the Invention 5 Generally, a failure of a transnitter can be readily
detected by detecting, around the transmtter, transm ssion output power

actually output fromthe transmtter and conparing the power mmmwmmmmmm
transmtted input signal input to the transmtter with the 1 on

out put power (Japanese Patent Laid-Open No. 2000-230737). On thegtisher
hand, a failure of a receiver is considered as follows. Although the

reception power itself of the recepeerifdamtieoretected by t
the receiver, an input signal to the 15 receiver is very wea “mlummmwnnf

input timng of the signal Fsihoteabetieatehy Raviwne Therefore,

generally inmpossible to detect input power to the receiver. Acco 3°ngly, a
failure of the receiver cannot be detected by conparing the input and

out put powers as 20 in the case of the transmtter. Conventionally,

t herefore, BIdkyinendsof detecirdenyiemnitoring the current consunption of

the receiver or a voltage (bias volta?e) set for an
5 Generally, a failure of a transmitter can be

readily detected by detecting, around the transmitter,
transmission output power actually output from the
transmitter and comparing the power of a transmitted
input signal input to the transmitter with the

10 transmission output power (Japanese Patent Laid-Open
No. 2000-230737). On the other hand, a failure of a
receiver is considered as follows. Although the
reception power itself of the receiver can be detected
by the ocutput from the receiver, an input signal to the

15 receiver is very weak, and the input timing of the
signal is not accurately known. Therefore, it is
generally impossible to detect input power to the
receiver. Accordingly, a failure of the receiver cannot
be detected by comparing the input and output powers as

20 in the case of the transmitter.

Conventionally, therefore, a failure is
detected by monitoring the current consumption of the
receiver or a voltage (blas voltage) set for an
amplifier in each stage of a circuit forming the

25 receiver, and checking variations in current consumption
or bias voltage.

FIG. 6 shows an example of the circuit



amplifier in each stage of a circuit formng the 25 receiver, and checking
variations in current consunption or bias voltage. FIG 6 shows an exanple
of the circuit 1 configuration of a conventional receiver failure

detecting device. A receiver failure detecting device 100 includes first
to third anplifiers 103 to 105 which input and sequentially anplify a
reception signal 102 5 inside a receiver 101, and a failure detecting part
109 which inputs bias voltages 106 to 108 in predeterm ned portions (not
shown) of therdfii@irdtaidhicfl anpdidéererisondD3rdaeildsr foiampdified reception
output 111 is obtained fromthe third anplifier 105. 10 In the receiver
failure det etdtiomtideyiderildd & descivoedfabbves detecdBingréedetecting
part 109 prestores the bias voltages 106 to 108 when the first to third
amplifiers 108 tindD5es efosthetc Wi Td amellfiees vEe3 199 1@ ivhbplrati on,
the failure detecting part 15 109 al ways checks whether the pias voltages
are held wiinmut tard rerdesn b bibky otmp hbf hi s SRR BHIR 38930 11@%, by
using a circuit (not shown) whjch conpares these  voltages. If a result
of this €heckls el%a%‘?c%h‘éerowjthealg‘ya% gﬁf‘é@%sd%%c? qoRe¥h f@%utside
the normal 20 range at_a certain tine f ai e, detectin art 109

det erm nes tWE&C%hbWQ%?§¢%&?Sn%%lh%%%soiggr?%diQ§ wh Pbo ?%c?@lé%%h as

Coreroncot ! et LS "k Otnduf] "8H! tne CEIPORCDS TRY-URpPEELERET TN @
103 to 105. An amplified reception output 111 is
obtained from the third amplifier 105.

10 In the receiver failure detecting device 100
as described above, the failure detecting part 109
prestores the bias voltages 106 to 108 when the first to
third amplifiers 103 to 105 are normal. While the
receiver 101 is in operation, the failure detecting part

15 109 always checks whether the bias voltages are held
within the normal range of the bias voltages 106 to 108,
by using a circuit (not shown) which compares these
'voltages. If, as a result of this check, at least one
of the bias voltages 106 to 108 falls outside the normal

20 range at a certain_time, the failure detecting part 109
determines that shortcircuit may have occurred or an
obstacle such as disconnection or burning of a circuit
component may have occurred in a portion of the first
amplifiers 103 to 105, thereby detecting a failure.

25 In this failure detecting device, different
amplifiers normally have different bias voltages to be

monitored. Accordingly, a plurality of voltage



anplifiers 103 to 105, thereby detecting a failure. 25 In this failure
detecting device, different anplifiers normally have different bias
voltages to be nonitored. Accordingly, a plurality of voltage conparators
nmust be prepared. Also, to accurately determne a failure, the voltages of
as many circuit portions as possible of one anplifier nmust be checked.
This increases the nunber of 5 voltage conparators required for the failure
detecting device, and increases the cost of the device. Furthernore, to
al | ow the faidnger4iesescthngt deyiseeparadcurately operate, even if the

i ndi vidual conponents have variations in characteristics, the 10 voltage
of each part of the remtbswertaustcheaadjlystiedermiithi p fheéluarge the
predet erm ned val ues. For exanple, weven if the anplification factor of the
first anplificrtad®s of dhendnystitrouihipdranhphsfaergogosbie e26608R0wn in
Fig. 6 increases, it is difficult to adjust the 15 anplification factor of
the whol e byardeki Bber myushebe appehedat | Bhis athereaseshehgeBbBRBeANPLi i er
104 by an anount corresponding to this increase, and this nakes flexible
adj ust nefAt V¥t t CORRBLAEPRY TRIRIFRAcHRSuRMRgEpetRFGefehaFbsPRent. 20

Summary of the Jnventign,lt is an object of the grﬁsent invention to
provi de a fa%V+eSdetRet +RGraRSFTet Wi CASFeGhi FBS A8V1SBecial circuit for

detecting a failure OfF%r%R%g%gE%EeEo g&lgﬁc%h%e%ailure detecting

device to accurately operate, even if the individual
components have variations in characteristics, the

10 voltage of each part of the receiver must be adjusted
within the range of predetermined values. For example,
even if the amplification factor of the first amplifier
103 of the first to third amplifiers 103 to 106 shown in
Fig. 6 increases, it is difficult to adjust the

15 amplification factor of the whole by decreasing the
amplification factor of the second amplifier 104 by an
amount corresponding to this increase, and this makes
flexible adjustment difficult, resulting in
time~consuming receiver adjustment.

20 Summary of the Invention

It is an object of the present invention to

provide a failure detecting device which requires no
special circuit for detecting a failure of a transmitter
or receiver.

25 A failure detecting device according to the
present invention comprises (/) notification receiving

means for receiving, from at least one communication



25 A failure detecting device according to the present invention conprises
(*) notification receiving neans for receiving, fromat |east one

comuni cation Il termnal of a communication partner, notification of both
reception power of a signal transmtted froma main apparatus and

transm ssion power of a signal transmtted to the main apparatus, (a)
determ ning neans for 5 determ ning the reception power fromthe

comuni cation termnal and the transm ssion power to the conmuni cation
term nal, (lterploPpRgaf i Hnchdmmsnted clbmtpangt meansndtorficat toh atf ng

bi di recti onal propagation |osses between the comunication termnal and
mai n appar atiisth f recepheon wooldr pbwersiguaputrdnsm tied ndrem i & ang bh

recei ving means and the two powers output fromthe determ ning neans, ( .)
di fference chepkraguseans foansheekieny pieeherf a2 @l 9iak chean yet Wekd t he
propagation |losses falls within a predetermned all owabl e range, and (%
failure 15 deoethé nhagn nepparsibes det Brinidataymimdinda meadndifit t er/ r ecei ver
of at | east one of the comunication termnal and main appar at us has a
failure, 5 ifdeherainied chlee ERESRTHY" nBANRY dBE P nF PR sCOMRENHRELYRf f er ence
falls outside the allowable ra Brief Description of EXamﬁﬁgs Fi g.

is a systen1E%ﬁ??@%%af?%ntg?eﬁggﬁﬁﬂfgﬁloﬁ RIWFEINF Rat FonCLYR T e ldi ng a
falure detegliffnaf2V(59 AEEa 40 AL LA f A drasent

calculating bidirectional propagation losses between the
communication terminal and main apparatus, from the two

10. powers output from the notification receiving means and
the two powers output from the determining means, (=)
difference checking means for checking whether a
difference between the propagation losses falls within a
predetermined allowable range, and (&) failure

15 determining means for determining that a
transmitter/receiver of at least one of the
communication terminal and main apparatus has a failure,
if the difference checking means determines that the
difference falls outside the allowable range.

20 Brief Description of Drawings

Fig. 1 is a system configuration view showing

a communication system including a failure detecting
device according to an embodiment of the present
invention;

25 Fig. 2 is a view showing the relationship

between four types of powers of a mobile station and

base station in this embodiment;



25 Fig. 2 is a view showing the relationship between four types of powers
of a nbbile station and base station in this enbodinment; Fig. 3 is a block
diagramfor explaining a failure detecting part of this enbodinent; Fig. 4
is a flowmchart showing an outline of the flow of a failure detecting
process used in the 5 failure detecting part of this enbodinent; Fig. 5is
a flowhart show ng details of a process of determning the

presence/ absence of a failure of a transmitter/receiver in step S310 of
Fig. 4, and Fig. 6 is Bidl ogkisliagohorckhdivkggamnfexaapbéaindngf athe circuit
configuration of a conventional receiver failure detecting device.

Det ai | ed Desriilptieoredfe Rrigferpastt Bnb odh e remnbed engdl ment of the present
invention will be described in detail below 15 Fig. 1 shows a

comuni cation system iRtdudé ngs a fhevohertesbeving aevPeélaseording to the
enbodi rent of the present invention. A communication system 200 includes
a base statitdie 20Phad iy & blasee s‘i%‘%@%‘?ﬂn%rﬁ%%s?olﬁe%nﬁnfH"l%t to Nth

mobi |l e stations 2031 to 20 203N whi ch copmuni cate with the base station 202
by a CDRA (fGoide s \A&G o WMA thdplte %lc]cre@sﬁ ?F%]?‘F\%H?erﬁfst to Nth propagation

paLls 2041 0 200N are, [orged Mo SLaNals 8 Spghanisdateyeqy (he base
process of determining the presence/absence of a failure
of a transmitter/receiver in step S310 of Fig. 4; and

Fig. 6 is a block diagram showing an example

10 of the circuit configuration of a conventional receiver
failure detecting device.
Detailed Description of Preferred Embodiment

An embodiment of the present invention will be
described in detail below.

15 Fig. 1 shows a communication system including
a failure detecting device according to the embodiment
of the present invention. A communication system 200
includes a base station 202 having a base station
antenna 201, and first to Nth mobile stations 203; to

20 203y which communicate with the base station 202 by a
CDMA (Code Division Multiple Access) method.

First to Nth propagation paths 2041 to 204y
are formed when signals are exchanged between the base
station antenna 201 and first to Nth mobile stations

25 203; to 203y. The propagation losses of the first to
Nth propagation paths 204; to 204y change in accordance

with the arrangement environment, e.g., the positions of



25 2031 to 203N. The propagation | osses of the first to Nth propagation
pat hs 2041 to 204N change in accordance with the arrangenment environnent,
e.g., the positions of the first to Nth nobile stations 2031 to 203N. In
this enbodi nent, however, these propagation | osses are represented by
first to Nth propagation |osses L1 to LN. The base station 202 has a

dupl exer 211 5 connected to the base station antenna 201. A reception
signal 212 obtained fromthe base station antenna 201 is supplied through
t he dupl exercrxlIfi metd Htonputh tnookainice stedsiornsd 20B1atreééBver Pri3tkzbfinected to
t he dupl exer 211. The output side of the receiver 213 is connected 10
first to Nt hemesepidron digrete pr odess myrqadad M lasse 8¢ arranged in
one-to-one correspondence with the first to Nth nobile stations 2031 to
203N. The firegrasemtdd recebiisn &9 ghdl procassiimy s An4fot dv214N

i nput nobile station transm ssion 15 powers Ptml to PtnN and nobile
station reception poweFiepPpasetdtPEhMt 804 Baf | ardupkedetifblpart 218
connected to the first to Nth reception siqyahﬁfrocessin arts, 2141 to

214N. Fr8m feemtetee NP (¥R 31 D St ghad™ 20 Ht ocessi dy PR 221, to
22IN e L S R RS s Pt Al g e sl o0
(0 203N, 4151l BAIEh ML ST LI ALY 0 g gl L, M ol
correspondin9e5g§%éé by a receiver 213 connected to the duplexer
211. The output side of the receiver 213 is connected
10 first to Nth reception signal processing parts 214; to
214y arranged in one-to-one correspondence with the
first to Nth mobile stations 203; to 203y.
The first to Nth reception signal processing
parts 214; to 214y input mobile station transmission
15 powers Pum; to Pemy and mobile station reception powers
P,m; to Pymy to a failure detecting part 218 connected to
the first to Nth reception signal processing parts 214;
to 214y.
From first to Nth transmission signal
20 processing parts 221; to 221y, the failure detecting
part 218 receives base station transmission powers P¢bi
to Piby corresponding to the first to Nth base stations
203, to 203y. Also, if a failure occurs in any of the
first to Nth mobile stations 203; to 203y, the failure
25 detecting part 218 outputs the corresponding one of

first to Nth failure notification signals 223; to 223y

to the corresponding one of the first to Nth mobile



first.to Nth failure notification signals 2231 to 223N to the
correspondi ng one of the first to Nth nobile stations 2031 to 203N. The
first to Nth transm ssion signal processing parts 221, to 221N are
connected to a transmtter 225. A transm ssion signal 226 output fromb5
the transmtter 225 is supplied to the base station antenna 201 via the
dupl exer 211, and transmtted from the base station antenna 201 to the
first to Nth nobile stations 2031 to 203N via the first to Nth propagation
pat hs 2041 tgx=2200M€l@ 0% ttoe 20@runi cati on syst em 200 as descri bed above,
transm ssion signals fromthe first to Nth nobile stations 2031 to 203N
are received by the baSkesfarsbnto28ghvtsanheibasenssagnsm antenna 201. The
received signals are separated fromthe transni ssion signal 226 15 by the
dupl exer 21kregessputpast s eteht iton Zilgnaks gepnecsech&Or écei ver 213. The
recei ver 213 converts the reception signals 212, transmtted fromthe
first to NtHrambiittet s23ons RoBarnyndd3heandigedei ved BYtPHE HASE

station 202, into a frequency whjch can_under si gnal 20 _processing, and

d I
anplified tHOCHRARIBHESS A3 1D %Upﬁa%%ﬁétEggifh%dbfﬁﬁeﬁtg*rh8nfi rst to Nth
ti i I i 141 t 14N d. Lified
anal 5. and e Lo 1R SIREFER of bhal A9t ERGRTE F68CY FORT he
nobi |l e statiagns 2031 tf%gggqu$ﬂ%§ng§ 5?%s£ot9hgkgi£ggegglﬁghshgﬁggg

processing p ?éb%ﬁﬁls tect e reception powers of

extracted stations 203; to 203y via the first to Nth propagation
paths 204, to 204y.
10 In the communication system 200 as described

above, transmission signals from the first to Nth mobile
stations 203; to 203y are received by the base station
202 via the base station antenna 201. The received
signals are separated from the transmission signal 226

15 by the duplexer 211, and input as reception signals 212
to the receiver 213. The receiver 213.converts the
reception signals 212, transmitted from the first to Nth
mobile stations 203; to 203y and received by the base
station 202, into a frequency which can undergo signal

20 processing, and amplifies the converted signals to a
predetermined power. The first to Nth reception signal
processing parts 214; to 214y despread the amplified
signals, and extract the mobile station signals
transmitted from the mobile stations 203; to 203y. The

25 first to Nth reception signal processing parts 214; to
214y detect the reception powers of these extracted

reception signals. The detected reception powers are



reception signals. The detected reception powers are represented by base
station reception powers P,b, to PrbN In the comunication system 200, the
first to Nh nobile stations 203, to 203N detect the transm ssion 5 powers
transmitted fromthemto the base station 202 and the reception powers of
the transm ssion signal 226 transmtted fromthe base station 202, and
transmt the detection results to the base station 202 when transmtting
signals. 10 The first to Nth reception signal processing parts 214, to
214N denodul @i ctechtexd actbd sy arymdicon readapiti drheowsyid .54 atoon

transm ssion powers PtML to Pt MN and nobile station reception powers PIM
to PIMN trandgitted fromthe first to Nth nobile stations 203, 15 to 203N.
The first to Nth reception signal processing parts 214, to 214N supply, to
the failure detecting Parthe 2d@mmumecabbinh esssen 020 r ablkei E5r9h power s
PtML to Pt MN and nobile station reception powers P, ML to PrMN together
with the bas&lstrentiidre recepidroh Hohets ROy dotechbNcheot ARBENLIERECRase
station 202 supplies, to the failure detecting part 218, the base station
transni s8i orPPtRRS RGN 9 N A% dHSR i d T diathes tatiirmt4 7225 via

the first to Nth transm ssion signal rocessing parts, 221, 221IN. 25
Fig. 2 shomstkt%er?%ﬁpd’ﬂ%é?ﬁvbelb%t‘?/gewﬁgh‘é‘é%“sw l?’}/p%jsgr?ﬁ]l p%%(z%rs of the

gle):):Nlegnst at Itornar?snrrqitbtaesc? frsgn?t%lr?en'bz;rshéatstlastiolzr{ g2022, Saar]r?d\stgat]r?srﬁfé a.éﬂé)nshl P

detection results to the base station 202 when
transmitting signals.

10 The first to Nth reception signal processing
parts 214; to 214y demodulate and extract information
about the mobile station transmission powers Pim; to Pymy
and mobile station reception powers P.m; to P.my
transmitted from the first to Nth mobile stations 203;

15 to 203y. The first to Nth reception signal processing
parts 214; to 214y supply, to the failure detecting part
218, the mobile station transmission powers Pimi to Pemy
and mobile station reception powers P,m; to P my together
with the base station reception powers P;b; to P:by.

20 Also, the base station 202 supplies, to the
failure detecting part 218, the base station
transmission powers Pib; to Piby transmitted from the
transmitter 225 via the first to Nth transmission signal
processing parts 221, to 221y,

25 Fig. 2 shows the relationship between these
four types of powers of the mobile station and base

station. That is, Fig. 2 shows the relationship between



an arbitrary nobile station X, an Xth upstream propagation path 204xn, an
Xt h downstream propagati on path 204xd, and the base station. The failure
detecting part 218 shown in Fig. 1 5 calculates the propagation |oss
bet ween the base station 202 and nobile station 203x by using base station
recepti on power Prbx, base station transm ssion power Ptbx, nobile station
transm ssion power Ptnx, and nobile station reception power Prnx. 10 Al so,
the failure detecting part 218 conpares the results of cal culations by the
first to Nthmbidie r&tatnans] 203dat o2 @8N. ard rKtHispstareen, the failure
detecting part 218 detects a failure of the receiver 213 of the base
station 202 pyopadaddan epafh d134.@f theXth doBhbersaat popnpage8iono 203N
This will be explained in detail later. If the failure detecting part 218
detects a fmitdlura04f, aagdsthei baseaatiakfionhis failure concerns any of the
first to Nth transm ssion signal processing parts 20 221, to 221N, the base
station 202 notifies tRee Earkespoddtagthndi ParstaiPopnows &n FAE-f&ilure.
This notification indicating that the failure is found is supplied from
the fail fre ewtackatrp pdre PaPagatipe pors i DACERRR eSPBINRHY gga’fh%”fai | ure
in any of 25 the first to Nth transnifsion signal_processi.ng parts 221, to
%

221x, and sWAiA iaF PR BES 1§ et t F S0 3 9 RAAfsmTer°225 converts

the nOtlfl(x¥éég£é{g§)5gh£¥:ﬁﬁ%, base station transmission power

P.byx, mobile station transmission power Pimy, and mobile
station reception power P.my.

10 Also, the failure detecting part 218 compares
the results of calculations by the first to Nth mobile
stations 203; to 203y. In this manner, the failure
detecting part 218 detects a failure of the receiver 213
of the base station 202 or a failure of any of the

15 mobile stations 203; to 203y. This will be explained in
detail later.

If the failure detecting part 218 detects a
failure of any station, and if this failure concerns any
of the first to Nth transmission signal processing parts

20 221, to 221y, the base station 202 notifies the
corresponding mobile station 203 of the failure.

This notification indicating that the failure
is found is supplied from the failure detecting part 218
to the portion corresponding to the failure in any of

25 the first to Nth transmission signal processing parts
221, to 221y, and supplied to the transmitter 225. The

transmitter 225 converts the notification into an RF



signal by frequency conversion, and anplifies the signal to power
necessary for transmission. The anplified signal is synthesized with the
reception signal by the duplexer 211, and transmtted via the base station
5 antenna 201. Consequently, the corresponding one of the first to Nth
nmobi |l e stations 203, to 203N can receive the information indicating that
the failure is found. Details of the failure detecting part 218 wll be
descri bed below. 10 As shown in Fig. 3, the failure detecting part 218
includes a nnitgrdicaly ofrd@e@iorercibar shvch dedeanebifide tiodifigaalon of
the nobile station transm ssion power Ptnx and nobile station reception
power Prnx far®mpoudre rfecsdsdoy Nidr nobadenssat oons RS lanwl ROBNE and a 15
determ nator 218b which determ nes the base station reception power Prbx
and base statigmk rigmssysihon paheritiPtixe execerteeh fsbgnahedyi¥8e to Nth
reception signal processing parts 2141 to 214N. The failure detecting part
218 al so i ncdurleaxer 20l praphoraniniosed cal euthe dpaasetakien is connect ed
to the notification receiver 218a and determ nator 218b, and cal cul ates
bi di r ect Pona@niAmEpagél} on q:%%%%u%@%}d\)éenth‘? hEOFFRERORGLING HOMBbLPf etBEat i ons

2031 to 203N and base_ station 202, %8 nobi | e station transm ssion
power 25 Pt dtEHd fRDi e I%‘?%H%ns?%@e‘b@?o gbv@ 3 CPRpGESPLSM t he

notification receiver 218a, and, the, base sta ception_.power Prbx and
ase stati o1 AT I oRC bty gt ~Endt th8Ma  FEEETL 808!

Details of the failure detecting part 218 will
be described below.

10 As shown in Fig. 3, the failure detecting part
218 includes a notification receiver 218a which receives
the notification of the mobile station transmission
power P¢my and mobile station reception power P,my; from
the first to Nth mobile stations 203; to 203y, and a

15 determinator 218b which determines the base station
reception power P,by and base station transmission power
Pcby extracted from the first to Nth reception signal
processing parts 214; to 214y.

The failure detecting part 218 also includes a

20 propagation loss calculator 218c which is connected to
the notification receiver 218a and determinator 218k,
and calculates bidirectional propagation losses between
the first to Nth mobile stations 203; to 203y and base
station 202, from the mobile station transmission power

25 Pumy and mobile station reception power P.my input from
the notification receiver 218a, and the base station

reception power P.by and base station transmission power

- 10 -



Ptb, input fromthe determ nator 218b. In addition, the failure detecting
part 218 includes a difference checking unit 218d which is connected to
t he propagation | oss cal cul ator 218c, and 5 checks, for each of the first
to Nth nobile stations 2031 to 203N, whether the difference between the
bi di rectional propagation |osses cal culated by the propagation |oss

cal cul ator 218c falls within an allowable range. 10 Furthernore, the
failure detecting part 218 includes a failure determ nator 218e which is
connected tmbthengitferemcehehéekepginatdr2288b. and determines whether a
failure has occurred in a nobile station and base station for which the
di fference checking unit 248dtidndetkenfacsutrbadetdet pnoppgati oh81 oss
difference falls outside the allowable range. The failure detecting part
218 al so i ncinglasdes 4 adlfiferents feéleekiorg um it 2d \wikdh iss connected to
the failure determ nator 218e, and notifies a npbile statjon 20 and base
station, fowrrhnectrdeta the IRFPIFREHRN fPIured laekares mat®tr 288, of the
presence of the failure. Assune that the nobile statjon transn ssion

povers afd rJHRFES stERF oRFRcbtHef boiRt st thd" R Hobi 1% i ons 2031

Stati ons 208010 o239 var EROPRE F)SoBLF BEFROCCFPRETROOETE station - 11
bidirectional propagation losses calculated by the
propagation loss calculator 218c falls within an
allowable range.

10 Furthermore, the failure detecting part 218
includes a failure determinator 218e which is connected
to the difference checking unit 218d, and determines
whether a failure has occurred in a mobile station and
base station for which the difference checking unit 218d

15 determines that the propagation loss difference falls
outside the allowable range.

The failure detecting part 218 also includes a
failure notification unit 218f which is connected to the
failure determinator 218e, and notifies a mobile station

20 and base station, found to have a failure by the failure
determinator 218e, of the presence of the failure.

Assume that the mobile station transmission
powers and mobile station reception powers of the N
mobile stations 203; to 203y shown in Fig. 1 are as

25 follows. In this state, all the mobile stations 203; to

203y are normally operating.

First mobile station

- 11 -



5 nobile station transm ssion power Ptm = -40 dBm nobile station
reception power P,m = -30 dBm Second nobile station nobile station
transm ssion power PtM2 = -20 dBm nobile station reception power P, M =
-40 dBm Nth nobil e station 10 nobile station transm ssion power PtMN = +10
dBm nobil e station reception power P,mN = -60 dBm Assune that in this
state, the base station transm ssion powers and base station reception
powers of 15 the base station with respect to the nobile stations 203, to
203N are as follows. Imobhie statépnt heabamésssbpat poweirsPgor mal |y
operating. Wth respect to the first nobile station, base station
transm ssi on power Ptb¥ =48268BdBm 20 base station reception power Prm =
-90 dBm Wth respect to the second nobile station, base station

transni ssi on power PtbpokilgostBiiopagecsephtpanppEespfidn Howed BH2 = - 90
dBm 25 Wth respect to the Nth nobile station, nobile station transm ssion
power Pt MN Seaand dppbila2stabbPhe station reception power PrrN = -90 dBm

5 mobile station transmission power Pimp
= -20 dBm
mobile station reception power P.m; = -40 dBm
Nth mobile station
10 mobile station transmission power Pcmy
= +10 dBm
mobile station reception power P,my = -60 dBm
Assume that in this state, the base station
transmission powers and base station reception powers of
15 the base station with respect to the mobile stations
203; to 203y are as follows. 1In this state, the base
station is normally operating.
With respect to the first mobile station,
base station transmission power Pib; = +20 dBm
20 base station reception power P m; = -90 dBm
With respect to the second mobile station,
base station transmission power Pib; = +30 dBm
base station reception power P,b, = -90 dBm
25 With respect to the Nth mobile station,
mobile station transmission power Pimy

= +40 dBm

- 12 -



In this exanple, the failure detecting part 218 can calculate the
transni ssion | osses of the transnission paths 2041 to 204N between the
base station 5 202 and nobile stations 2031 to 203N by using the above
measurenent results by Upstream signal propagation |oss Lxu = Ptnx - Prbx
Downstream si gnal propagation loss Lxd 10 = Ptbx - Prnx 15 20 ... (1)
where synbol X indicates an arbitrary transm ssion path. Al so, the
propagation | osses of the nobile stations 2031 to 203N are cal cul ated by
Upst ream si gnal propagabbanel esatbbnf keseptiobi pewst abimn == -déwaSr eam
signal propagation loss = 50 dB Upstream signal propagation |oss of second
nmobi | e station = downsfineahisi gramppeopabat Eanluresdetegzdia® PRSEr eam
signal propagation loss of Nth nobile station = downstream signal
propagati on 21®ssar ¢abcdBaps the {pInsmpeamPRylofweevef  thte frequencies
of upstream and downstream signals in the sane nobile shation 203
transmission paths 204; to 204y between the base station
5 202 and mobile stations 203; to 203y by using the above
measurement results by
Upstream signal propagation loss Lyxu
= Pth = Prbx
Downstream signal propagation loss Lgg
10 = Piby - Py
(1)
where symbol X indicates an arbitrary transmission path.
Also, the propagation losses of the mobile
stations 203; to 203y are calculated by
15 Upstream signal propagation loss of first
mobile station = downstream signal propagation
loss = 50 dB
Upstream signal propagation loss of second
mobile station = downstream signal propagation
20 loss = 70 dB
Upstream signal propagation loss of Nth
mobile station = downstream signal propagation
loss = 100 dB
25 ... (2)

Normally, however, the frequencies of upstream

and downstream signals in the same mobile station 203
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- 13 are different. Therefore, the upstream and downstream signa
propagati on | osses take different values. To sinplify the explanation, in
this exanple it is assuned that the downstream and upstream si gna
propagation 5 | osses are equal. However, the frequencies of upstream and
downstream signals are known in practice. Accordingly, the upstream and
downstream si gnal propagation | osses of the sane propagation path can be
cal cul ated. Correction of the propagation |osses is 10 also easy. A case in
whi ch the regei wirf 23r0f. t Ehdwesorst athompdréan| snando@assareamnsequence
all the reception I|evels of the base station 202 |ower by 10 dB wll be
expl ai ned baigmal rptdpsgstiatre,ledded ke rdifferdith Ubluebi | eTst ati ons
2031 to 203N are nornmal. Under the assunption, all the reception powers
fromthe firsimgla £ Ntttherodbip arsttatdronsiR08iis cc 28l elel ®ciedabyunphd base
station 202 | ower by 10 dB. However, these reception powers are not always
equal even wat ttHee rdewistaream Rpd WPs tHeapaseIRe at PHRP292E L8 nor nal .
Therefore, it is inpossible to determ ne, fron1infornati§n i ndi cating the

det ect ed5r ededftT o Poned B2 et HICYHe | BVRI LBFALRRCLIG B R VBPSBE53fas
| owered or the_input signal Jevg%g of signals transg}tted fromthe first

to Nth nobi I DHURFTHTRD AR5 2B FROE | BhePEAC 11t hi s enbodi nent, to
perform this, dStefMiations 100 RLORAJAN' 98,1 98585nELYRED the base
propagation losses of the same propagation path can be
calculated. Correction of the propagation losses 1is
10 also easy.

A case in which the receiver 213 of the base
station 202 fails and as a consequence all the reception
levels of the base station 202 lower by 10 dB will be
explained below. In this state, all the first to Nth

15 mobile stations 203; to 203y are ncrmal. Under the
assumption, all the reception powers from the first to
Nth mobile stations 203; to 203y detected by the base
station 202 lower by 10 dB. However, these reception
powers are not always equal even when the receiver 213

20 of the base station 202 is normal. Therefore, it is
impossible to determine, from information indicating the
detected reception powers, whether the level of the
receiver 225 has lowered or the input signal levels of
signals transmitted from the first to Nth mobile

25 stations 203; to 203y have lowered.

In this embodiment, to perform this

determination, the propagation losses between the base

- 14 -



- 14  station 202 and first to Nth nobile stations 2031 to 203N are

cal cul ated. Equations (2) presented above are based on the assunption that
t he upstream and downstream signal propagation | osses are equal
Accordingly, the 5 propagation | osses of the nobile stations 2031 to 203N
after the receiver 213 of the base station 202 has failed are indicated by
Upstream signal propagation loss of first nobile station = 60 dB (+10 dB)
10 Downstream signal propagation |oss of first nobile station = 50 dB

Upst ream si geedt prop@iatamd fbsst ofo Stidorebbhbbistatieans oil& 8@ dB (+10 dB)
Downstream si gnal propagation | oss of second 15 nobile station = 70 dB 20
Upst r eam si ghdby praspagaidudiaiasks diautt ondobid)e pefensie abRyedB4e+10 dB)

Downst ream si gnal propagation |oss of Nth nobile station = 100 dB ... (3)
The conpari semse? @yualte onsSWBPL iR htkiuat NP Dye AR AR t FRUPFHESRT t he

first to Nth nobi]le stations 2031 to 203N, the upstream signal_propagation
| oss 25 i ncreh@e’! pYraRRYEEF P ot PHREC A t F B sig%%?or?ﬁ%%gbal§%% | 0ss.

onseauenl ]y g hpadSe (SR CIOL0EY LPAne NS IR NP 108: 1865 MY APR, of the
after the receiver 213 of the base station 202 has
failed are indicated by
Upstream signal propagation loss of first
mobile station = 60 dB (+10 dB)
10 Downstream signal propagation loss of first
mobile station = 50 dB
Upstream signal propagation loss of second
mobile station = 80 dB (+10 dB)
Downstream signal propagation loss of second
15 mobile station = 70 dB
Upstream signal propagation loss of Nth
mobile station = 110 dB (+10 dB)
Downstream signal propagation loss of Nth
20 mobile station = 100 dB
. (3)
The comparison of equations (3) with equations
(2) shows that in all the first to Nth mobile stations
203, to 203y, the upstream signal propagation loss
25 increases by 10 dB from the downstream signal
propagation loss. Consequently, it is determined that

the gain of the receiver 225 of the base station 202

- 15 -



-, 15 .lowers by 10 dB, i.e., the receiver 225 alone has failed. Consider a
case in which the receiver (not shown) of the first nobile station 2031

alone fails and 5 as a consequence the gain lowers by 10 dB will be
described below. In this state, the second to Nth npbile stations 2032 to
203N and base station 202 are normal. In this case, the propagation |osses

of the nobile stations 2031 to 203N are indicated by 10 Upstream si gnal
propagation loss of first nobile station = 50 dB Downstream si gnal
propagat i on lossrofby i ¥&tdB nobi¢ e, sthxt i vecel 6o dB2 Ypsteranas gna
propagation | oss of second 15 nobile station = downstream si gnal

pr opagati on fakkﬁd—-70 dB 20 Upstream signal propagation |oss of Nth
nobi | e station = downstream signal propagation |oss = 100 dB (4)
Consequent | y, it is deterfifed 5ycééﬁpéﬂlHbléauébﬁoﬁ§cﬁﬂyeﬁntﬁoéquatlons

(2) that the gain of the recelver of the fjrst bi |l e st 2031 has
| onered by IHPW i §he Tiipe PR ‘?/e?t?ﬁl?rhezﬁlr ﬁlcfﬁﬁjaqtaelols"t n 2031

al one hag fai|ed.  Consider 2 sase,in, which-t hg, o8 ngnof § pepbase

described below. In this state, the second to Nth
mobile stations 203, to 203y and base station 202 are
normal. In this case, the propagation losses of the
mobile stations 203; to 203y are indicated by
10 Upstream signal propagation loss of first
mobile station = 50 dB
Downstream signal propagation loss of first
mobile station = 60 dB
Upstream signal propagation loss of second
15 mobile station = downstream signal propagation
loss = 70 dB
Upstream signal propagation loss of Nth
mobile station = downstream signal propagation
20 loss = 100 dB
. (4)
Consequently, it is determined by comparing
equations (4) with equations (2) that the gain of the .
receiver of the first mobile station 203; has lowered by
25 10 dB, i.e., the receiver of the first mobile station
203; alone has failed.

Consider a case in which the gains of the base
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- 16 ,station 202 and first nobile station 2031 lower by 10 dB at the sane
time will be described below. In this state, all the second to Nth nobile
stations 2032 to 203N are normal. In this case, the propagation | osses 5
of the nmobile stations 203, to 203N are indicated by Upstream signal
propagation loss of first nobile station = 60 dB (+10 dB) Downstream
signal propagation |oss of first nobile station = 60 dB (+10 dB) 10
Upstream si gnal propagation | oss of second nobile station = 80 dB (+10 dB)
Downst r eam sitgrtalorpraifagatd diidsdssnadfilsecoratiamoddda doaeiroky=120d8B 15
Upstream si gnal propagation loss of Nth nobile station = 110 dB (+10 dB)
Downst r eam sitgridle prameadditnenvillds deofdeddribasbibedl ast.at ilon thilno dB ... (5)
20 where (+ 10dB) indicates the difference fromequations (4). In equations
(5) as showstaicve, alhehpsiaeand did Ntdoviiehtrlearh S tgmas prbhadati on | osses
are equal only in the first nobile station 2031r and the upstream signal
propagat i on A&k are Perged -by 110 thB St KaS S hé PGoRESPRERNIPD PFF&KS

propagation loss in al] the second to Nth ile stations 2032 to 203N.
Nor mel |y? t R grivhali?ity %tr?aﬁlogbﬁre?%attioo@%r« §re®1 01 8028 57

Upstream signal propagation loss of first
mobile station = 60 dB (+10 dB)
Downstream signal propagation loss of first
mobile station = 60 dB (+10 dB)
10 Upstream signal propagation loss of second
mobile station = 80 dB (+10 dB)
Downstream signal propagation loss of second
mobile station = 70 dB
15 Upstream signal propagation loss of Nth
mobile station = 110 dB (+10 dB)
Downstream signal propagation loss of Nth
mobile station = 100 dB
. (3)
20 where (+ 10dB) indicates the difference from equations
(4). In equations (5) as shown above, the upstream and
downstream signal propagation losses are equal only in
the first mobile station 203;, and the upstream signal
propagation loss is larger by 10 dB than the downstream
25 signal propagation loss in all the second to Nth mobile
stations 203, to 203y.

Normally, the probability that some stations

- 17 -



- 17 .fail is nmuch higher than the probability that all stations fail
together. Since, therefore, the upstream signal propagation |osses of al
the nobile stations 2031 to 203N lower by 10 dB, it is determned that the
5 gain of the base station 202 has |owered by 10 dB. Then, it is possible
to assunme that the nunber of fault nobile stations is nuch smaller than
the nunber of normal nobile stations, so it is determned that the gain
of the receiver of the first nobile station 203, 10 has |owered by 10 dB.
In the fail wg ldetLetidly HeyHexe tafart hitse perdiedi inteirtty, tthed- elsle st ati on 202
exclusively performs failure detection. Accordingly, the base station 202
can recogni z dtherst afaisl dfodatheown f3inag eshane idisse UB ofPIHeedirst to
Nt h nobile stations 2031 to 203N, but the first to Nth nobi|le stations
2031 to 203N icaraiotpramgajricre fegdes «xf MLk Hesslqkdsle e e, if, for
example, the first nobile station 2031 alone has failed, the base station
202 out put s 20f1s ton2eRrat peartbyt h8 98/ f iEstst AaReRPERFENtRRENERpr ocessi ng
part 2211, and the transmitter 225 transmits the i forqﬁii to the first
mobi | e sbat igiReH. the ke rsafueie 04 e s i Yde Thbite tcgé]i on 2031 can

recogni ze the failure of its own transmtter recei ver, ggdf%lgfg a

measure to Cor§ectit 255 tRE IS FYP9 %ﬁgtré% BT he” or T et £ 1 ow of
a failure denecting progess; USRfkA AP LATLKYS 8L SR of
normal mobile stations, so it is determined that the
gain of the receiver of the first mobile station 203,
10 has lowered by 10 dB.

In the failure detecting device of this
embodiment, the base station 202 exclusively performs
failure detection. Accordingly, the base station 202
can recognize the status of its own failures and those

15 of the first to Nth mobile stations 203; to 203y, but
the first to Nth mobile stations 203; to 203y cannot
recognize failures by themselves. Therefore, if, for
example, the first mobile station 203; alone has failed,
the base station 202 outputs this information to the

20 first transmission signal processing part 221;, and the
transmitter 225 transmits the information to the first
mobile station 203;. As a consequence, the first mobile
station 203; can recognize the failure of its own
transmitter or receiver, and take a measure to correct

25 the failure.

Fig. 4 shows an outline of the flow of a

failure detecting process used in the failure detecting
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- 18 . part according to this enbodi ment described above. The failure
detecting part 218 shown in Fig. 1 has a CPU (Centra

shown) ,

predeterm ned 5 contr ol

and executes the failure detecting process by executing a

(Read Only Menory, not shown). First, the failure detecting part 218
initializes a variable n to "1" (step S301). At the sane tine, the failure

detecting part 218 clears the 10 contents of a buffer (to be expl ai ned
| at er). The pgyrwpagaiiding ass tdel € Hatol i8S dedcullrésalovepst Pleam
propagation | oss Lnu and downstream si gnal

si gnal

an nth nobi |fmishatd ciet293;indyparyudtsd osisovn) i siep. SBOBsS & GEé t he

variable nis "1", 15 an operation indicated by equations (6) belowis
act ual | y pertGantethl Jsecesming dial t priopagdt o 1 o3Rd L$XeCet e nthe prbi

propagation loss Lid 20 = Ptbhl - Prm ... (6 Then,
%@%%

Downst ream si gnal ] .
di fference difedkitgy dRfieCDUBY RIFRKSS VIPet $eCHRENUpR t P ESHT

si gnal

25 subst ant i S LRI CY LAY eIt %k
the two is

t he

Processing Unit,

not

program stored in a storage nedi um such as a ROM

propagation loss L,,d of

t he

stream

propagation |osses Lnu aqg Lnd calculated in stq? S302 fa%é Wi t hin
p nce

10

15

20

25

153035 SO MR IRt PReS U F FRr

bet ween

PRea'mé" anhley ove exprllcgtrlaéﬁg&\ﬂ) inthis exanple it is assuned that

emory, .

First, the failure detecting part 218
initializes a variable n to "1" (step S301). At the
same time, the failure detecting part 218 clears the
contents of a buffer (to be explained later). The
propagation loss calculator 218c calculates an upstream
signal propagation loss L,, and downstream signal
propagation loss Lnq of an nth mobile station 203, by
equations (1) (step S302). Since the variable n is "1",
an operation indicated by equations (6) below is
actually performed.

Upstream signal propagation loss Liy

= Pum; - P.b;

Downstream signal propagation loss ILig

= Pib; - Py

. (6)

Then, the difference checking unit 218d checks
whether the upstream and downstream signal propagation
losses Ly, and Lng calculated in step S302 fall within
substantially equal ranges (step S303). Although the

difference between the two is "0" in the above

explanation, in this example it is assumed that the
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- 19 . difference between the two is approximated to "0" if it falls within
the range of 10 dB. If the difference between the two is "0" (YES), "0" is
recorded in that area of the buffer nenory (not shown) where the variable
5nis "1", which corresponds to the first nobile station 2031 (step
S304). Wien this processing is conplete, the variable n is counted up by
"1" (step S305), and whether the variable nis larger than a total nunber
"N' of the 10 nobile stations 2031 to 203N is checked (step S306) . If the
vari abl e n idi®fprednde metwemt [Ere than thepmtetimanahero "N & nigbi | e
station 203 whose transmtter and receiver are to be checked still remains
(NO . In thifalkasejthirergioresngheof 1900 rdf ur isf ttdestdF 3N 15 proceed
to processing for the second nobile station 2032. On the other hand, if it
i s det er ni nzetiwesn efhe 3303 1hat0't heYEPst r'eiim bhdr A’ S edim Sidhal
propagation |osses Lnu and Lnd fall outside the allowable ranges,. and 20
i f the upstrazed SPHnere PObEYRIRIC T Hs RS R argetts Hdif t‘fﬁalg tream

signal propagation loss Lnd (ste S307: Y "+ is recorded in that

portion of trhelsbujfferw%%réf?rwg?%?fl rtr%gg%%d%lﬁ%t trﬁ%b@a‘?isatbﬁ‘tel?fl(step

S308). The f t hen adyv es to the processing in step 25 S305. Also, if
ELENES el : 5 0

it is deter 03 that the upstream and downstream si gna

pr opagati on | osses Lnuy,gde}og §2bbeQut abdgst benghLounbleer aagespiand if

n is counted up by "1" (step S305), and whether the
variable n is larger than a total number "N" of the

10 mobile stations 203; to 203y is checked (step S306). If
the variable n is equal to or smaller than the total
number "N", a mobile station 203 whose transmitter and
receiver are to be checked still remains (NO). In this
case, therefore, the flow returns to step S302 to

15 proceed to processing for the second mobile station
203;.

On the other hand, if it is determined in step

S303 that the upstream and downstream signal propagation
losses Lpy, and Lpg fall outside the allowable ranges, and

20 if the upstream signal propagation loss Ly is larger
than tﬁe downstream signal propagation loss Lng (step
S307: YES), "+" is recorded in that portion of the
buffer memory, which corresponds to the variable n (step
S308). The flow then advances to the processing in step

25 S305. Also, if it is determined in step S303 that the
upstream and downstream signal propagation losses Lny

and Lpq fall outside the allowable ranges, and if the
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-, 20 .upstream signal propagation loss Lnu is snmaller than the downstream
S|gnal propagation |l oss Lnd (step S307: NO, "-" is recorded in that
portion of the buffer nmenory, which corresponds to the variable n (step
S309). The 5 flow then advances to the processing in step S305. In this
manner, whether the difference between the upstream and downstream si gnal
propagation losses Lnu and Lnd is within the allowable range ("0"), |arger
than the allowable range ("+"), or smaller than the 10 al |l owabl e range
("-") is chegkedréan shghabfptopagatson loshlt hnnilsi Iseadtlaty diar203E to 203N
in order fromthe first nobile station 2031. If thls check up to the Nth
mobi | e st at i dowRO3NeAR Shoph bt RrOPAGapOB3DesE YES) ,(sttie® S3N:uM) ,

determ nator 218e determ nes the 15 presence/ absence of a failure in the
base station'2b2is apeicerded ip NeatnbBrFécst afi 6Rg PBsferomeBINYin
accordance with the contents of the buffer nenory ste ?310) Fig. 5
shows detalI%h%ﬁht%%rﬁ?%ﬁ%ggsOFOZEhﬁeY%Fﬁ?HFﬁgntﬁé Epegéﬁ &FabdBfice of a
failure of the transmtter ver in step S310 of Flg 4. First, if
t he d|fféren%%p%e?ﬂﬁ%na@ﬁ%nﬁﬁ§t£8a 3n8r88ﬁﬁ§%ggaﬁp §§§ﬁa§ BPOpagation

| osses Lnu and Lnd is found.to fall all o | e ran e 0" for

hi.n
al| the variables 25 " nofgs maQPSFédw#ﬁtpﬁé &ngﬁ STOTY (S 1
YES), itis ggtsgg%{ﬂggmtgﬁgoagﬁﬂggggﬁq‘egasﬁg1a59_lo£)sgsu%s18 se@" the

base station irs

Loy and Lpg is within the allowable range ("0"), larger
than the allowable range ("+"), or smaller than the

10 allowable range ("-") 1is checked for each of the first
to Nth mobile stations 203; to 203y in order from the
first mobile station 203;. If this check up to the Nth
mobile station 203y is complete in step S306 (YES), the
failure determinator 218e determines the

15 presence/absence of a failure in the base station 202
and first to Nth mobile stations 203; to 203y in
accordance with the contents of the buffer memory (stép
S310).

Fig. 5 shows details of the process of

20 determining the presence/absence of a failure of the
transmitter or receiver in step S310 of Fig. 4. First,
if the difference between the upstream and downstream
signal propagation losses Lp, and Ly is found to fall
within the allowable range ("0") for all the variables

25 "1" to "n" stored in the buffer memory (step S321: YES),

it is determined that the transmitters and receivers of

all the base station 202 and first to Nth mobile
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- 21 . stations 2031 to 203N are nornal (step S322). Note that if the
transnitters and receivers of all the base station 202 and first to Nth
.nmobile stations 2031 to 203N have failed, a phenonmenon in which 5 the

di fference between the upstream and downstream signal propagation | osses
Lnu and Lnd falls within the allowable range ("0") for all the first to
Nth nmobile stations 2031 to 203N can occur. However, this enbodi nent does
not assume such an extrenely exceptional 10 failure node. Note al so that

as al ready desgridigd 2@hove, 283faatergonhal hestesgnsmizfer of any of the
base station 202 and first to Nth nmobile stations 2031 to 203N can be

det ect ed i ndependent | ynofe ttigaprefetiie trvesntiorersSheteforesitars we
determ nation can be 15 perfornmed nore accurately by using the two nethods
at the samaltli nEhe butsd itatviidd 208 goat tiimdtardoy Ndéh modmislieder ed bel ow. | f
it is determned in step S321 that not all the variables n fall wthin the
al | owabl e r arigpet {8108 )20 20 tENQP 3nwhavhefaihl ¢dt he phehaheren niarehich jg
checked (step S323). If all the variables n are "+" (YES), the downstream
t ransni s&i orthpatdi Pfernee it Yerss the |upsgferean Rl (RYIATSISEEBm

transm ssion path propagation loss in _all the stations. This phenonenon
can occur wsiithe BIPRIGHISHIR tES S bk #RQ buséa ﬁétW&ﬁhQ@Ztﬁﬁs failed,

or then the receluers of all, the J1rstfo N mh e, dhatlgng 2031 to

stations 203; to 203N can occur. However, this
embodiment does not assume such an extremely exceptional
10 failure mode. Note also that as already described
above, a failure of the transmitter of any of the base
station 202 and first to Nth mobile stations 203; to
203y can be detected independently of the present
invention. Therefore, failure determination can be
15 performed more accurately by using the two methods at
the same time, but this will not particularly be
considered below.
If it is determined in step S321 that not all
the variables n fall within the allowable range ("O0")
20 (NO), whether all the variables n are "+" is checked
(step $323). If all the variables n are "+" (YES), the
downstream transmission path propagation loss is larger
than the upstream transmission path propagation loss in
all the stations. This phenomenon can occur when the
25 transmitter 225 of the base station 202 has failed, or
when the receivers of all the first to Nth mobile

stations 203; to 203y have failed. However, the
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- 22 . possibility that the receivers of all the first to Nth nobile
stations 2031 to 203N fail at the same tine is extrenely low. In this
case, therefore, it is determned that the transmtter 225 of the base
station 5 202 has failed (step S324). If sonme variables n are "+" (step
S325: YES), it is determned that the receivers of nobile stations 203
found to be "+" have failed (step S326). In this case, when the base
station 202 transmits a signal to 10 the nobile stations 203 found to have
failed, thepdsajidire nptifdcationrardiveds8fofoallidse tharsthedrNtheceivers
have falled (step S327). Consequently, each nobile station 203 having
recei ved t hisobidtd fsteetiams 2B tecd@§FnzEatheascber eaBE 6fimehdsfail ure by
reproduci ng 15 the notification by the receiver, and rapidly correct the
failure. rfeﬂﬂrQMEiwahmabld@utﬁ%ﬁlciﬁﬁ6|ﬁ@e¥ﬁ§0r%lIbﬁab?e range ("0") and

at | east sone variables n are not "+" (step_ S323; and steg S325: NO),
whet her al | @mm@wlﬂm%sthﬁ a*%léamsmlt%e?éh%%ﬁeaf(%?%pb%:%?s?t FECRIT the
variables n are "-" is determined that the receiver 213 (Fig. 1)

of the base &tathamn l%s "r%ﬁFP ett2¢ktep S329). Finally, a case in which
sone variables n are

1, Lained el |
this case, it is detng1ﬁ@ﬂetﬁﬁfg?ﬁze?rgng rigrsnggﬁgggpge g?ﬁ%?g%s "
whose varlables n g'te;m;ne @ha@l ﬁg £§E8?vers of mobile stations

203 found to be "4" have failed (step S326). In this
case, when the base station 202 transmits a signal to

10 the mobile stations 203 found to have failed, the
failure notification unit 218f notifies that their
receivers have failed (step S327). Consequently, each
mobile station 203 having received this notification can
recognize the occurrence of the failure by reproducing

15 the notification by the receiver, and rapidly correct
the failure.

If all the variables n fall outside the
allowable range ("0") and at least some variables n are
not "+" (step $323: NO, and step S325: NO), whether all

20 the variables n are "-" is checked (step S$328). If all
the variables n are "-" (YES), it is determined that the
receiver 213 (Fig. 1) of the base station 202 has failed
(step $329).

Finally, a case in which some variables n are

25 "-" (step S$328: NO) will be explained below. In this
case, it is determined that the transmitters of mobile

stations whose variables n are "-" have failed (step
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-,23 .S330). In this case, as in the above case, when the base station 202
transnits a signal to the nobile stations 203 found to have failed, these
nobile stations are notified that their receivers have failed (step 5
S331). Consequently, each nobile station 203 having received this
notification can recogni ze the occurrence of the failure by reproducing
the notification by the receiver, and rapidly correct the failure. In the
enbodi nent descri bed above, a failure 10 of the receiver or transmtter is
det ect ed by 43mp)st agen tviad ustden,ad i ,tHy dbweverasancellahsearioe of a
failure. However, the degrees of failures may al so be nore finely
classified ipdss stariora & [twrendyiwhiahsidreal anplite gaabiioe f act or only
slightly increases or 15 decreases, and a failure worse than that.

Addi tional | ystat@idres 120 Dfundete rrateni fasked s HheTe deaksiryd R IPRNe
enbodi mrent. However, only a failure of the receiver_can also be

det er mi ned. ae Height krd dtaorthgin #%ﬁ@lﬁ%r%fh%vﬁmﬁﬂﬂee 2088”1t i on such as
a cell phone is explained in the above enpodi nent, resent invention

is, of cBursE33h)lso CapIRebte t cHthatohakf §%?)Ha9%t 2y he
b t d di t t b t at
fecerves f ?13%%16 Ot T e o TSR R S R rE B her i ¢ h
Focenti on porbrties ATHGREI Y | SR antiiey tip A SELE £ flon 1Y AL

e
receiver, and rapidly correct the failure.
In the embodiment described above, a failure
10 of the receiver or transmitter is detected by two-stage
evaluation, i.e., by the presence/absence of a failure.
However, the degrees of failures may also be more finely
classified into, e.g., a failure by which the
amplification factor only slightly increases or
15 decreases, and a failure worse than that. Additionally,
a failure of the transmitter is also determined in the
embodiment. However, only a failure of the receiver can
also be determined.
Although detection of a failure of a mobile
20 station such as a cell phone is explained in the above
embodiment, the present invention is, of course, also
applicable to other radio apparatuses.
In the above-mentioned embodiment, a source
apparatus, e.g., a base station receives, from a
25 communication terminal of a communication partner with
which the base station communicates, the notification of

both the reception power of a signal transmitted by the
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- 24 _source apparatus and the transm ssion power of a signal transmtted
to the source apparatus, deternines the reception power and transm ssion
power of the source apparatus with respect to the conmunication termnal,
5 and cal cul ates bidirectional propagation | osses between the

comuni cation term nal and source apparatus on the basis of these four
types of data. The difference checking neans checks whet her the difference
between the bidirectional propagation losses falls within a 10

predet er m nethwtdoveiperaaneand fthdetransmsns torrsdveredfer ssbfnghe two
apparatuses are normal, the bidirectional propagation |osses of one
propagat i on tpatrsmreceluad Tre fSdUroe t dpPREdeus préegdet BRI ARILAR | owabl e
range. Therefore, if the 15 bidirectional propagation |osses fall outside
the allowabtecertnige) pewes akd cf MamEdl s Hben PeWRF Phethe oRPuRfRati on

term nal or source apparatus as the two ends of the, propa atiog path has a
failure. Thaarpatapys wWetlcieFRethet i Hhal CPOTARRMFIETOR g% +7and reception

20 power of each of the source, apparatus and the .confunicat'o term nal of
t he connﬁnic%ﬁqdﬁﬁh%W%?ﬁﬁ?thélrggE%%%%i/%B%%ﬁ%%tb?na ?ﬁf?ﬁréegwe?ﬂe

t ittt / i . of th { t i i t hout

usi g any Spets aroHEheT s oSeraberah Faf P T ef A BEee R BELPRE LS’ Wi ch

communi cat es,wi Lh & PLULaL | £¥, 01 GOUNUOLCALLEN LeRYT BRkFereABebE detect ed.

In this casel®ih?e %ource appara
checking means checks whether the difference between the

bidirectional propagaticn losses falls within a

10 predetermined allowable range. If the
transmitters/receivers of the two apparatuses are
normal, the bidirectional propagation losses of one
propagation path are equal or fall within the
predetermined allowable range. Therefore, if the

15 bidirectional propagation losses fall outside the
allowable range, it is determined that either the
communication terminal or source apparatus as the two
ends of the propagation path has a failure. That is, by
detecting the signal transmission power and reception

20 power of each of the source apparatus and the
communication terminal of the communication partner, the
presence/absence of a failure of the
transmitters/receivers of these two apparatuses can be
determined without uSing any special hardware.

25 Also, a failure of a source apparatus which
communicates with a plurality of communication terminals

can be detected. In this case, the source apparatus

- 25 -



-, 25 . receives, fromeach of these communication termnals, the
notification of the reception power of a signal transmtted by the source
apparatus and the transm ssion power of a signal transmitted to the source
apparatus, 5 determ nes the reception power and transm ssion power of the
source apparatus with respect to each of these comrunication term nals,
and cal cul ates bidirectional propagation |osses between each comuni cati on
terminal and the source apparatus on the basis of these four 10 types of
data. The difd®rirnes, chenkidwchneshst ndee ksommiret deer i dhet elififreaece bet ween
the bidirectional propagation |losses falls within a predeterm ned
al | owabl e r aitge.ndfifimatiemsof tter stecmei ver pofet hef tavos Bppal at uses are
normal, the bidirectional 15 propagation |osses of one propagation path are
equal or faltawvéniited Hey priegies @rrdaetbrd fovieh| and aige. tramepre3dFe) for a
pair of the source apparatus and a comunication terninal by which the
bi di r ect i onatowerr aphgat$iogna bstezndmi tteditse dehe OErFdOWRIPRI 2 ERge, it 20
is determned that either the communication termnal or  source agggratus
has a faPl urdetgxmines| G poREFDT EOR PO f Rt RSt 28R PAYEhr
detection on the basis of the correlation with a ‘?%l ura%itt:% of
communi cat | o' e3P sPPEFER E 1S, WIHE nF R IRRThI TRt F ARG vP T ht e Pfurality 25
of comunication termpals, the source ap atus, cal cul . agation
| osses bet me%m%%%at%%‘ﬁ%ﬁ?g ‘ tae?%i ﬁ%%ug%%e§ﬁ%1§%§%§§1§%%gr atus, and
propagation losses between each communication terminal
and the source apparatus on the basis of these four
10 types of data. The difference checking means checks
whether the difference between the bidirectional
propagation losses falls within a predetermined
allowable range. If the transmitters/receivers of the
two apparatuses are normal, the bidirectional
15 propagation losses of one propagation path are equal or
fall within the predetermined allowable range.
Therefore, for a pair of the source apparatus and a
communication terminal by which the bidirectional
propagation losses fall outside the allowable range, it
20 is determined that either the communication terminal or
source apparatus has a failure. It is also pdssible to
perform more precise failure detection on the basis of
the correlation with a plurality of communication
terminals. That is, when communicating with a plurality
25 of communication terminals, the source apparatus
calculates propagation losses between these

communication terminals and the source apparatus, and
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- 26 determnes that a failure has occurred inthe transmtter/receiver
of one of a comunication termnal and the source apparatus by which the
di fference between the bidirectional propagation |losses falls outside the
5 predeterm ned all owabl e range, so the presence/ absence of a failure of
t hese apparatuses can be determined w thout using any special hardware. In
addition, if the difference checking neans determnes that all the
comuni cation termnals fall 10 outside the allowable range, all these
comruni cat i afetdmninesl shaaya hfakl dee | leas opctereduytetppar at us may have
failed. However, if the failure rates of the source apparatus and_ each
communi cat i onrdresmi tiad r Ar @ce gl O f tdree pp Hbabeemmyn i ¢at 1 ehet ekl
apparatus fails 15 is higher than the probability that all the

communi cat i cand efing naderé@i appPa PR Ews P¥ adlel ch hehe kel er¢rce SOYRYREM ned
that the transmtter/receiver of the source apparatus has failed. If the
di f f erence dﬂé%%¢h@lﬁ%%h%0@@%e@ﬁ@%@%atQQHth%%sggn%a%%%n%%?%h foh'€erminal s

fall outside the allowable_ ran det ermi ned t hat f?ilures have

occurreddin R?%@?F%ﬁ%h??@e?%%?%%€192$%55?'tﬁ%s%hec%ﬁ%i%?%% T%ﬁe?g?nipals
[und, 10 Tl ot 3 07, L0, 2L UEDLE,1 000552509 bbb fefterm e
precise failyye,det e mingting LseeLl oniPlualbat
In addition, if the difference checking means
determines that all the communication terminals fall
10 outside the allowable range, all these communication
terminals may have failed or the source apparatus may
have failed. However, if the failure rates of the
source apparatus and each communication terminal are
equal, the probability that the source apparatus fails
15 is higher than the probability that all the
communication terminals fail. In this case, therefore,
it is determined that the transmitter/receiver of the
source apparatus has failed.
If the difference checking means determines
20 that some communication terminals fall outside the
allowable range, it is determined that failures have
occurred in the transmitters/receivers of these
communication terminals found to fall outside the
allowable range. |
25 Also, if it is determined that the

transmitter/receiver of the source apparatus has failed,

more precise failure determination is performed. That
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-,27 .is, if the propagation |loss of a propagation path to the source
apparatus is smaller than that of a propagation path to each conmunication
terminal, it is determined that the receiver of the source apparatus has
failed. 5 In the opposite case, it is determned that the transmtter of

t he source apparatus has failed. Mire specifically, if it is determ ned
that a value obtained by subtracting the transm ssion power of the source
apparatus with respect to a comrunication termnal from 10 the reception
power of thesgomunireatdpdgitiidtalldss dargesrdpeyntal val petlobtai hied by
subtracting the transm ssion power of the conmmunication termnal from the
recepti on pewerraef dppersoursed apparldiars tham tlespesf atpropeogbhomni cation
terminal, it is determned that the 15 receiver of the source apparatus has
failed. O hgatilse,o dach saetwritatsicon Hearniral r akisnd 3 t@éetefminhedsour ce
apparatus has failed. Likewse, if it is determned that the _transmtter
or receiver tofatt Hée oremani et i oh the rioiice 2appaeatas | 235 Fdtkedr eci se
failure determ nation is performed. That is, if the propagation |oss of a
pr opagat Pon Isatthe CRARS ereads appdr st usIe e ERErdrtidant e hat of a
propagation path to each conmunication termnal, it_is. d terg%ned that the

transnitterWﬁan%H¥§ﬁﬁnﬁﬁﬂ§ﬁﬁi%ﬁPﬁ?ﬁrﬁ?ﬁﬁ??Bﬁ%dh?%_?%&}e ut si'9&®t he .
al lowabl e range has. ) ed. . Qher i 56, 14 J.5, 984 £ N5gh oL hgkc L igobecel ver

of the co

by subtracting the transmission power of the source
apparatus with respect to a communication terminal from

10 the reception power of the communication terminal is
larger than a value obtained by subtracting the
transmission power of the communication terminal from
the reception power of the source apparatus with respect
to the communication terminal, it is determined that the

15 receiver of the source apparatus has failed. Otherwise,
it is determined that the transmitter of the source
apparatus has failed.

Likewise, if it is determined that the

transmitter or receiver of the communication terminal

20 has failed, more precise failure determination is
performed. That is, if the propagation loss of a
propagation path to the source apparatus is smaller than
that of a propagation path to each communication
terminal, it is determined that the transmitter of a

25 communication terminal found to fall outside the
allowable range has failed. Otherwise, it is determined

that the receiver of the communication terminal found to
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- 28 fall outside the allowable range has failed. More specifically,
deternmination is performed on the basis of the relationship between a
val ue obtained by subtracting the transm ssion power of a conmunication
terminal fromb5 the reception power of the source apparatus with respect
to the communication termnal and a val ue obtained by subtracting the
transm ssion power of the source apparatus with respect to the

comuni cation termnal fromthe reception power of the conmunication

termnal . 10e5UT tHGE SDAE, t17d tADLGMab e SMGEenaPpped Biets. dedes nines a
failure, if the source apparatus determnes that a conmunication term na

has failed, §becsplcselyappatatnsnaoiodies pdef conmandcatherbdsismiofl of
the failure. Accordingly, the correspondi ng conmuni cation 15 term nal can
recogni ze t hahei tslaetensieip opetheechikevihse dlaidtneddny sakeracthbressary
count ermeasure. As descri bed above, the failure detecting device according
to the presenheinyvansnbss v choder eef sa eorfrapnigat bfn atermtnat Hppar at us
such as a receiver is 20 suited to detecting a failure of a receiver such
as a bade stheivaCeREEPNePOVEL aOf cElP vEPUBTFE 2PRBT IS t e PR NE#SPEEL A | M
S 1. Afailure detecting device characterized 2 by conprising: 3
notificati ontPekle vFagwehpdtior FeeRiydh@end21Y3 %tob%%%Te%H%Y

comuni cation term nal of a ..
subtracting the transmission power of the source

apparatus with respect to the communication terminal
from the reception power of the communication terminal.
10 Furthermore, although the source apparatus
determines a failure, if the source apparatus determines
that a communication terminal has failed, the source
apparatus notifies the communication terminal of the
failure. Accordingly, the corresponding communication
15 terminal can recognize that its receiver or the like has
failed, and take a necessary countermeasure.
As described above, the failure detecting
device according to the present invention which detects
a failure of a circuit apparatus such as a receiver is
20 suited to detecting a failure of a receiver such as a
base station receiver or a receiver of a mobile

terminal.
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5 conmuni cation partner, notification of both reception 6 power of a
transmitted froma main apparatus and 7 transmi ssion power of a signal

transmitted to said main 8 apparatus; 9 determ ning nmeans for determ ning
the 10 reception power from said comrunication termnal and the 11

transm ssion power to said comuni cation termnal;
cal cul ating neans for 13 calculating bidirectional propagation |osses

bet ween 14 said conmuni cation term nal and main apparatus, fromthe
powers out put fromsaid notificati@nLracé& M 8g neans 16 and the two
output from said determ ning nmeans; 17 difference checking nmeans for

checki ng whet her
within 19 a predeterm ned all owabl e range;

si gnal

12 propagation | oss

15 two
power s

18 dl di f& efehberdedeteent ihe pevpagathanatbssiézeflal | s
and 20 failure determning

means fo? détyecompmgimegst 21 a transmitter/receiver of at |east one of
said 22 comunication term nal and main apparatus has a failure, 23 if
sai d di f3erence checkimet hebeat Het eferaesinfiagtcdhe £98 @AfFeerende falls
outside the allowable range. 2. A failure detectjngbdevice according to 2

cl ai m 1, 4 chdradt &t 262y IF tIRPEOHRAG SThd LTPHF

19ty2- 30 3 of

communi cation term nals, 4 wherein iayd notificat%q$ recei vi ng. neans 5
t

receives?

connunic?

transmt
7

8

S
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

f

335 AR T iM]F O CHmifhi @

A B MPA s of a

U onparinery Nobll Al AhWeed A 4 S6ERLT QRLROYELs OLng ST ONal
transmission power of a signal transmitted to said main

apparatus;

determining means for determining the
reception power from said communication terminal and the
transmission power to said communication terminal;

propagation loss calculating means for
calculating bidirectional propagation losses between
said communication terminal and main apparatus, from the
two powers output from said notification receiving means
and the two powers output from said determining means;

difference checking means for checking whether
a difference between the propagation losses falls within
a predetermined allowable range; and

failure determining means for determining that
a transmitter/receiver of at least one of said
communication terminal and main apparatus has a failure,
if said difference checking means determines that the
difference falls outside the allowable range.

2. A failure detecting device according to

claim 1, characterized by further comprising a plurality
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8 main apparatus and transm ssion power of a signal 9 transmtted to said
mai n apparatus, 10 said deternining neans deternines, for each 11

comuni cation termnal, the reception powers fromsaid 12 plurality of
conmuni cation termnals and the 13 transm ssion powers to said plurality of
communi cation 14 term nals, 15 said propagation |oss cal cul ati ng nmeans 16
cal cul ates bidirectional propagation | osses between each 17 comrunication
term nal and said main apparatus, fromthe 18 two powers output fromsaid
noti fi caBi oo f ecamvimycaebmns tdenamald he two powers out put from said
determ ni ng neans, 20 said difference checking neans checks whether 21 a
di ff erende between t hewpeopagasadd hosséscablibs wetchining2maapsedet er mi ned
al l owabl e range, and 23 said failure determ ning neans determ nes that 24
a transnidtt er¢eeteeverfopmagaceast onkdapleea s ehrermiwat¢anieRr m nal
and main apparatus has a failure, 26 if said difference checking neans

det erm nés the¥mimels 29f df f ¢pRRRECI Bl Py RRF SRR tHRLBf1GRRIPR ?hnge. 3. A
failure detecting device according to 2 claim2, characterized jn that if
sai d dif fler pREN - T33P BIRRRRYPE PoahsS HER 2} nt Frssthated ner i 1§21 @nce falls
4 outsidg the allowabl e range for all, of,said pl ur%ity of conmuni cati on

t er mi nal JAR P £ SPPRAF RE Rt BPTH T LS TRESRECR PR Brdt sSR! a

transmi tier/qgeeiver o 831 g, (M., BBAL A K5, has a failure,

10 said determining means determines, for each
11 communication terminal, the reception powers from said
12 plurality of communication terminals and the
13 transmission powers to said plurality of communication
14 terminals,
15 said propagation loss calculating means
16 calculates bidirectional propagation losses between each
17 communication terminal and said main apparatus, from the
18 two powers output from said notification receiving means
19 and the two powers output from said determining means,
20 said difference checking means checks whether
21 a difference between the propagation losses falls within
22 a predetermined allowable range, and
23 said failure determining means determines that
24 a transmitter/receiver of at least one of said
25 communication terminal and main apparatus has a failure,
26 1if said difference checking means determines that the
27 difference falls outside the allowable range.

3. A failure detecting device according to

2 claim 2, characterized in that if said difference
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4. A failure detecting device according to 2 claim?2, characterized in
that if said difference 3 checking means determines that the difference
falls 4 outside the allowable range for sonme of said plurality 5 of
comuni cation termnals, said failure determ ning 6 nmeans determ nes that a
transmtter/receiver of each of 7 said comunication termnals, which is
found to fall 8 outside the allowable range has a failure. 5. A failure
detecting device according to 2 claim3, characterized in that if it is
det er ni ngd tdraickih@ myopagRitaminss taw thopigeféeomeathaibssaid main 4
apparatus is smaller than a propagation loss of a 5 propagation path to
each compunicgatdieie tigrandidlowssiel fardge | foe alkl erfri sahg pkansl deyeofii nes
that a receiver of 7 said main apparatus has failed, and, otherw se, said
8 failurg detcemmimice} iransdetreris nesaidafablurandetiereiniggofesasd min
apparatus has failed. 6. A failure detecting device according to 2 claim
4, char a6t edetsrniimashathd 4 ttyansetered heecehatr af aspidpBgdti on | oss of
a propagation path to said main 4 apparatus is snmaller than a propagation
| oss of & 5 RRFFERSS e Hat F3 ' ®eh comunication termnal, said - 32 6
failure determ ning neans de%grr%nes that _a tr

nsmitter 7 of a
comuni cati on term nal #f ouhd 55| dBhESF ARGt AEY g1 FERABFE Fahfe has
ailed, nd Lo o5 SeLS LALLUTE, 8,08t PLrD1 gy TBapeleler i nes (hat &

3 checking means determines that the difference falls
4 outside the allowable range for some of said plurality
5 of communication terminals, said failure determining
6 means determines that a transmitter/receiver of each of
7 said communication terminals, which is found to fall
8 outside the allowable range has a failure.

5. A failure detecting device according to
2 claim 3, characterized in that if it is determined that
3 a propagation loss of a propagation path to said main
4 apparatus is smaller than a propagation loss of a
5 propagation path to each communication terminal, said
6 failure determining means determines that a receiver of
7 said main apparatus has failed, and, otherwise, said
8 failure determining means determines that a transmitter
9 of said main apparatus has failed.

6. A failure detecting device according to
2 claim 4, characterized in that if it is determined that
3 a propagation loss of a propagation path to said main
4 apparatus is smaller than a propagation loss of a

5 propagation path to each communication terminal, said
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11 al | owabl e range has failed. 7. A failure detecting device according to
2 claim1, characterized in that if it is determned that 3 a propagation
| oss of a propagation path to said nain 4 apparatus is equal to a
propagation loss of a 5 propagation path to each communication termnal,
said 6 failure determning means determ nes that said 7 communication
termnal and main apparatus are normal. 8. A failure detecting device
according to 2 claim1, characterized by further conprising failure 3
noti fying nemniddrer deatdrmyiimiongs aiethreomdatre wEitrieon thateranitnansofi @ eet ect ed
failure.
7 of a communication terminal found to fall outside the
8 allowable range has failed, and, otherwise, said failure
9 determining means determines that a receiver of a
10 communication terminal found to fall outside the
11 allowable range has failed.
7. A failure detecting device according to
2 claim 1, characterized in that if it is determined that
3 a propagation loss of a propagation path to said main
4 apparatus is equal to a propagation loss of a
5 propagation path to each communication terminal, said
6 failure determining means determines that said
7 communication terminal and main apparatus are normal.
8. A failure detecting device according to
2 claim 1, characterized by further comprising failure

3 notifying means for notifying said communication

4 terminal of a detected failure.
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