P15802- A SpeC|f|cat|on Failure Detecting Device Background of the IFM@@tpggp_%g
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 of a transmtted _

i nput signal input to the transmtter wth the 10 transm ssi on out put power
(Japanese Patent Laid-Open No. 2000-230737). On the other hand, a failure

of a receiver is considered as follows. A though the reception power

itself of the receiver can be deteg égglfgga%ggnoutput fromthe receiver, an
input signal to the 15 receiver is weak, "‘and the input timng of t he

signal is not accurately know&liﬂygwﬁégébtiﬁg|§év£@@eralIy i npossible to
detect input power to the receiver. Accordingly, .failure of the

recei ver cannot be detected by conparing the input and out put powers as 20
in the case of the transmtter. Conventionally, therefore, a failure is’
detected by paskgebund Life teiy Memtenddrsunpti on of the receiver or a

vol tage (bias voltage) set for an anplifier in each stage of a circuit
form ng thhe 25 recei verGersbheckd nftp Martate Hns tnacsmt ebér comsubpt i on  or
bias voltage. FIG 6. shows an exanple of the circuit configuration of a
convent i onal reedéilyedefaicitgide 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 Pafent 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 output 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 iﬁput and output powers as
20 1in the case of the transmitter.

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

25 receiver, and checking variations in current consumption

or bias voltage.

FIG. 6 shows an example cof the circuit



detecting device. A receiver failure detecting device 100 includes first
t:o thirrd 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 the first to third anplifiers 103 to 105. An anplified reception
output 111 is obtained fromthe third anplifier 105. 10 In the receiver
failure detecting device 100 as described above, the failure detecting

part 109 preghergarhRech 8% wWlda8e5:t404 410 A& wheh therdiest to third

anplifiers 103 to 105 are normal. VWiile the receiver 101 is in operation,

the failure deteetiRg pariicky 109 rlosayvs «hecksivheddiesct heg bi@siyel t ages
are held wthin the normal range of the bias voltages 106 to 108, by

using a circuod faReluskewt) rshi clo adnipat esnilhieSieryoldAges. 105, wiascla resul t
of this check, at least one of the bias voltages 106 to 108 falls outside
t he normal 20npahgendt saquemnttdiad Itvi mep ltiney faitereptdetectigmabat®2 109
determ nes that shortcircuit may have occurred or an obstacle such as

di sconnedt i ohnefdbuenicrgedivex didlouiand corfpdniarte migtdevengceartetl®Pn a
portion of the first anplifiers 103 to 105, thereby detecting a failure.
25 In this fabicheinpvést Pdgsdadldaged 5 dimt 1QGpin freedeRF ey have
different bias voltages to be nDnitored.,Accordiqg%y, a plurality of

vol t age conpBPALsPESMIBLthENPMEBFacdd thR ddrdto Lttt dl et Bt e a

failure, the103 to 105. An amplified reception output 111 is
obtained from the third amplifier 105.

10 In the receiver fallure detecting device 100
as described above, the failure detecting part 108
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 wvoltages are held
within the normal range of the bias voltages 106 to 108,
by using a circuit (not shown) which compares these
Avoltages. 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



vol tages of as many circuit portions as possible of one anplifier nust 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 allow the failure detecting device to accurately operate,
even if the individual conponents have variations in characteristics, the
10 voltage of each part of the receiver nust be adjusted wthin the range
of predeterm ned val ues. For exanple, even if the anplification factor of

the first amplibbeh+o1Q3 Rfstt bR Hladey third anplifiers 103 to 106 shown
in Fig. 6 increases, it 1s difficul't to adjust the 15 anplification factor

of the whol e by decreasinghe amlidicni@cdarine of rAleusesonme
anplifier 104 by an anmount corresponding to this increase, and this nakes

fl exi bl e adj ystfegk sdidff ia@uidany @SHdUing dordidies CoNSuE Sih Tecef i@ie
adjustnent. 20 Sunmary of the Invention It is an object of the present

i nvention toampldviide afsa e ehdetkect. ngrdeyiice: wd ods ridguimesbemn ospeci a
circuit for detecting a failure of a transmtter or receiver. 25 A failure
det ect i ngb devicd & agec arodiprg ate rshe e gprigsshtf dmvidm | ol bomprdsesc{v)g
notification receiving mneans for receiving, fromat |east one

conmmuni cat i oAevarsi nandoflng reeanmitdw icws parkt ridre dtide cation of both

reception power of a signal transmtted froma main, _apparatus and
transmi ssi on power of %ﬁ%ﬁ%ﬂmQ?%ﬂuﬁﬁtQ%%Pw the failure detecting

device to accurately operate, even if the indiﬁidual
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



to the main apparatus, (l:t) determ ning neans for 5 determ ning the
recepti on power fromthe conmunication termnal and the transm ssion power
to the comunication termnal, (J') propagation |oss calculating nmeans for
cal cul ating bidirectional propagation |osses between the conmunication
term nal and main apparatus, fromthe two 10. powers output fromthe
notification receiving neans and the two powers output fromthe

determ ning neans, (=) difference checking nmeans for checki ng whether a

difference beLyren the MLopRgatindRdiasieSd A dS WA D feaPlsgded er m ned
al  owabl e range, and (4S) failure 15 determ ning nmeans for determ ning that

a transm ttgpihecRicde i0h owedast e fndher roaosmni s@t fpomteraanal and
mai n apparatus has a failure, if the difference checking nmeans determ nes
that the di ﬁ?p@@@%@sf alnlds teunsinde il aldvmbd © & asgna POt Bihefitted
Description of Drawings Fig. 1 is a systemconfiguration view showng a
conmmuni cat i oA oS yaiee Malimc laggiang tansf,ai (@) e dedeteatinigg desrce faocordi ng to an
enbodi ment of the present invention; 25 Fig. 2 is a view showi ng the

rel ati onshi pdebetweed nigothet ypeepdfi qrowerves 0f £ omotli¢ econmen bpaahdn base
station in this enbodinment; - 4 Fig. 3 is a block diagramfor explaining a
failure deteteirmgngar enef thisi & remsodissdmn power to the communication

terminal, (/) propagation loss calculating means for
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 relationéhip
between four types of powers of a mobile station and

base station in this embodiment;



Fig. 4 is a flowhart showing an outline of the flow of a failure

det ecting process used in the 5 failure detecting part of this enbodi nent;
Fig. 5is a flowhart showing details of a process of determ ning the
presence/ absence of a failure of a transmtter/receiver in step S310 of
Fig. 4, and Fig. 6 is a block diagram show ng an exanple 10 of the circuit
configuration of a conventional receiver failure detecting device.
Det ai | ed Description of Preferred Enbodi nent An enbodi nent of the present

invention will be desc;rjigg.ecg i daet@icll,c}peépg\(%rgfﬁ_ Fb8- o 8ROMSHE 2

comuni cation systemincluding a failure detecting device according to the

enbodi ment  ¢h it e PHRSRR: QY PRHORDE A GIIMEHE SRt syst em 200 i ncl udes
a base station 202 having a baSe station antenna 201, and first to Nth

nmobi | e stations 203, tai2P, 203N whi £howonani sabeimg tén t et base sfation 202
by a CDVA (Code Division Miultiple Access) nethod. First to Nth propagation
pat hs 204, ta@h204Nowapeg torfard umeerictegrtalrgy g exahangetl fretvieen t he base
station antenna 201 and first to Nth nobile stations 25 203, to 203N. The
propagat i%on fessdeseofetthketiingstpatma o Hhpropagatdioempat hs 204, to 204N
change in accordance wth the arrangenent environnent, e.g., the positions
of the first to Nth nolfiie st &ts ansEogxharh Sowing ndeweslsenbodi nent ,

however, these propagation |osses are represented by first to Nth
propagat i on P&s&e§s oft detgrmining the presence/absénce 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 receilver
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 204; 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




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 the duplexer 211, and input to and received by a
recei ver 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 214N arranged in one-to-one correspondence with the first to Nth
nobil e stations 2031 to 203N The first to Nth reception signal processing

parts 2141 t h21§9&£@p9% ﬁggihgbﬁﬁgtggg%Egﬁgsgpﬁai98 égggpmefﬁ fpl to PtN

and nobil e sT&ti On F&ception POWET S to a tallure detecting

part 218 conueehadnbar, LheybiEs! tACENhesaRklabns 1gpaleiAcesSI Ng part s
214, to 214N "Fromfifst to Nth transm ssion signal 20 processing parts

221, to 221Neephestatbyrsydetesti g NRAr brédblgateeinyashase St abi 0.
transm ssion powers Ptbl "to PtbN corresponding to the first to Nth base

stations 2031 to 203NThAl $Rse fstatfiaid W oeeurs dupaweof2ihe first to
Nt h nobile stations 203, to 203N, the failure 25 detecting part 218 outputs
t he corresposdhngcosg 0b therbhstoshkbhibal hutennat i2ilcat iforretapialan 2231 to
223N to the corresponding one of the first to Nth nobile stations 2031 to
203N. The fisstnad BiLA tbaasnedsitopnmsithmalbasgr steddiony auerarsna 201 tis 221N
are connected to a transmitter 225. A transm ssion signal 226 output from
supplied through the duplexer 211, and input to and
received 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 mcbkile stations 203; to 203y.
The first to Nth reception signal processing
parts 214; to 214y input mobile station transmission
15 powers P to Egmqand mobile station reception powers
P,m to P.my 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 Pib
to P:by 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



5 the transmtter 225 is supplied to the base station antenna 201 via the
dupl exer 211, and transmitted 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 to 204N 10 In the conmuni cati on system 200 as descri bed above,
transm ssion signals fromthe first to Nth nobile stations 2031 to 203N
are received by the base station 202 via the base station antenna 201. The
received signals are separated fromthe transm ssion signal 226 15 by the
dupl exer 211, _apd inp as_re tion signals 212 to the receiver 213. The
recei ver 213SE%E$8?FSEPRé tée%@%ﬁion signals 212, transmitted fromthe

first to Nth nobile st@ti %S:ﬁgc"%tl\?c@o@ﬂ\é S 651 V%ﬁ?é(lt he base
ic

station 202, into a frequency can undergo signal 20 processing, and

anplifies th§r8§ggg%sdp§&g@ab§150ta opigdetersines-pedere Ihe first to Nth
reception signa processing parts 2141 to 214N despread the anplified

signals, andrexhtacttbhezmshil @ shalisan s$ii@malsS gridlansg téethit oftdme
nobil e stations 2031 to 203N. The 25 first to Nth reception signal

processi g paréstZ2iAimt@te214R5datsecupidia adeceptihen heoverst afidhese
extracted reception signals. The detected reception powers are represented
by base st at anhenraepOilonipowdes dipikxter RGN, amd thmrcommutgdafiam syst em
200, the first to Nh nobile stations 2031 to 203N detect the transmi ssion
5 powers trabkei baed Bretmitheantennize 2Afdsd osttdns o202 hdith mobile

stations 203; to 203y via the first to Nth propagation
.paths 2041 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 213rconve:ts the
reception signals 212, transmitted from the first to Nth
mobile stations 203; to 2063y 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 tec Nth reception signal processing parts 214; to
214y detect the reception powers of these extracted

reception signals. The detected reception powers are



the reception powers of the transm ssion signal 226 transmtted fromthe
base station 202, and transmit the detection results to the base station
202 when transmtting signals. 10 The first to Nth reception signal
processing parts 2141 to 214N denodul ate and extract information about
the nobile station transm ssion powers Ptnl to PtnN. and nobil e station
reception powers Prml to PrnN transmtted fromthe first to Nth nobile
stations 203, 15 to 203N. The first to Nth reception signal processing

parts 2141 to 214N suppl h BlLur 10N r 8,-the nobile

station trangﬁ?g%?%%t%%m%ySE%F%ﬂSF%%E?ﬁhﬁeggéﬁgébiEgggf%tﬁg%lsg%eption

powers Prml %&)PrnN together wth the base station reception powers Prbl
i)

to PrbN. 20 d6, the base station 202 supplies, to the failure detecting

part 218, the base stai0Rpet LRRGHINITARN ROWEE Rt 2,0 DN frsansid tted
fromthe transmtter 225 via the first to Nfth transm ssion signa

processi ng pg¢hSmeBliet 8£221ns250Bi Oto 22 6hpwhe ddier rgtatd wnsdmis dedmeen
these four types of powers of the nobile station and base station. That
is, Fig. 52 shewsrsheragbaitesdhiipohetesntantaebbasar s trabiore 292atirgh X, an
Xth upstream propagation path 204X,, an Xth downstream propagati on path
204Xd, and theebaseestadhopowdhe bHdi kheetdeneviiissgoparstig2bd RGN in Fig. 1
5 cal cul ates the propagation | oss between the base station 202 and nobile
station 203xtbynsmihteBaeomt sheohase station 202, and transmit the

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 Pumy to Py
and mobile station reception powers Pymi to Puny
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 Pigm; to Py
and mobile station reception powers Pgm to P:my together
with the base station reception powers Pyb: 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



recepti on power Prbx, base station transm ssion power Ptbx, nobile station
t.ransm ssi on 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 Nth nobile stations 2031 to 203N. 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 nobile stations 2031 to 203N
This will be explained in detail later. If the failure detecting part 218

detects a fahl hes, 0l a0y rokabione and  fy ! s sfaf hse songerns any - of the

. first to Nth transm ssion signal prope55|ﬁg_parts ( 1, to 221N, the base
- station 202 ge%gébs&bﬂe A% @%%?Q,ndérﬁ‘gxﬂ?ba&@néﬁ@ééﬁnpggﬁaﬁgt'&@ﬁ failure.

This notification“indicating that the failure 1s found is Supplied from

the failure gdgtgcbbnag, padda k BHsd herpoidhon corresponding to the failure,
in any of 25 the first to Nth transm ssion signal processing parts 221, to

221N, and supplied to the tf1SMd tdst@2bindheart rangnshden 225rcgnverts
the notification into-an RF signal by frequency conversion, and anplifies
the signa talpoletesetdssaryphoattirandrssiontwedre dplhdsedstsigmal is
synt hesi zed with the reception signal by the duplexer 211, and transmtted
via the base28atndnmbbaieemnatioh 20dksbyuasthyg, belse sdateésyondi ng one of
the first to Nth nobile stations 203, to 203N can receive the information
i ndi cati ng thatephéonapoyed Psbfouprise station transmission power

Pibyx, mobile station transmission power Puny, and mobile
station reception power P.myg.

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 fifst 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
2211 to 221y, and supplied to the transmitter 225. The

transmitter 225 converts the notification inteo -an RFE



Details of the failure detecting part 218 will be described below 10 As
showmn{in Fig. 3, the failure detecting part 218 includes a notification
recei ver 218a which receives the notification of the nobile station
transm ssion power Ptnx and nobile station reception power Prnx from the
first to Nth nobile stations 203, to 203N, and a 15 determ nator 218b which
determ nes the base station reception power Prbx and base station
transm ssion power Ptbx extracted fromthe first to Nth reception signal

processing p@#{ﬁag1ggskgglg;i1‘él}l'ctyglr&%§1%%?swo%,d%ﬁ:f;tzi Pards f&j,hizﬁzailr‘c' udes

a 20 propagatron |lo ula which 1's connected to

notificationgpeggiuer ngldaand ¢eherPpaidlssA180, mBd Hilicu ades _
bi di rectional propagation | osses between the first to Nth nobile stations

203, to 203Nsapfabase syhathie@n z2@2withomHae dadit rstatdren tyansm ssion
power 25 Ptnx and nobile station reception power Prnx input from the
notificati onduptexeer 2218aanand riheriasedstvtd athe recaptdtat jpower Prbx and
base station transm ssion power - 10 P b,, input fromthe determn nator
218b. | n faddehtennat Bé1f.ai IConeedeteadtliyng thar tcd i@ sparclivdesore dif férence
checking unit 218d which is connected to the propagation | oss cal cul ator
218c, and 5 Ehezekstof ¥theackride shetfionst A03:Nth A0kl eartaeFehn%e 2031 to

203N, whether the difference between the_ bidirectional propagation |osses
cal cul at ed byhehénformation indicating that the failure 1is found.

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 Pygm; and mobile station reception power P.my from
the first to Nth mobile stations 203; to 203y, and a

15 determinator 218b which détermines the base station
reception power P,by and base station transmission power
P.b, 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:b, and base station transmission power

- 10 -



propagation | oss calculator 218c falls within an allowable range. 10
Furthernore, the failure detecting part 218 includes a failure :
determ nator 218e which is connected to the difference checking unit 218d,
and determ nes whether a failure has occurred in a nobile station and '
base station for which the difference checking unit 218d 15 determ nes t hat
the propagation loss difference falls outside the allowable range. The
failure detecting part 218 also includes a failure notification unit 218f

which is con%gg%ggkééktfgbmf@%éngfgfﬁﬁﬁg{ggt?%? 18e, and notifies a nobile

station 20 a ation, found to have a ure by the failure

determ nator 218e, of tfie PIESENSR, Ofhd hea{ahbur §eteAESHARPLRAL 20Be NDbile
station transm ssion powers and nobile station reception powers of the N

nobi | e stati gpg120R% -0 LGN W dHeditthg ludi€ 2E8@5whothons. In this
state, all the nobile stations 2031 to 203N are nornmally operating. First

mobi | e stati ednnetted tOhiHe iaid it Tdrarnsed s stOhcposesr P2llc, =and0 dBm
nobil e station reception power Prnl = -30 dBm Second nobile station nobile
station t5 anshiegeXison fmoweradPt ¥ the AKiwddBmto Nth mobile stations

203; to 203y, whether the difference between the

bidirectional propagation losses calculated by the

propagation loss calculator 218c falls within an

allowable range.

10 Furthermofe, 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
cutside 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 -



‘nobile station reception power PrM2 = -40 dBm Nth nobile station 10 nobile
.station transm ssion power PtmN = +10 dBm nobile station reception power
ProN = -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. In this state,
the base station is normally operating. Wth respect to the first nobile
station, base station transm ssion power Ptbl +20 dBm 20 base station

reception power Prnil -méghggkgty¥ignrg§9§§ﬁlgglggep§@g9ngIﬁpblIe station,
base station transm ssion power Ptb2 = +30 dBm base station reception

power Prb2 = -90 dBm 25-Wid gespect to the Nth nobile station, nobile
station transm ssion power PtnN +40 dBm - 12 nobile station reception
power ProN = -90 dBm Inobiie exanpde, rébeptadchupewdet eaii Ag 43 dEX8 can

calculate the transm ssion | osses of the transm ssion paths 2041 to 204N
bet ween t he Basermnst atddrie St202 and nobil e stations 2031 to 203N by usi ng
t he above neasurenent results by Upstream signal propagation loss Lx,, =
Ptmx -- Prpbx mobile station transmission power Pim
= ~20 dBm
mobile station reception power Pgm; = —-40 dBm
Nth mobile station
10 ‘ mobile station transmission power Pimy
= +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
2031 to 203y are as follows. In this state, the base
station is normally operating.
With respect to the first mobile station,
base station transmission power P¢b; = +20 dBm
20 base station reception power Pym: = -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 Pymy

= +40 dBm

N



Downstream si gnal propagation loss Lxd 10 = Ptbx - Prnx 15 20 ... (1)
wher e :'synbol X indicates an arbitrary transm ssion path. Also, the
propagation | osses of the nobile stations 2031 to 203N are cal cul ated by
Upstream si gnal propagation |oss of first nobile station = downstream
signal propagation |oss = 50 dB Upstream signal propagation |oss of second
nobi | e station = downstream si gnal propagation |oss = 70 dB Upstream
signal propagation loss of Nth nobile station = downstream si gnal

propagation |oss = 10Q, 4B 25 st?tign)ﬁ%%g%ﬁm%??yey?ﬁﬁ _t heyf rgguenci es

of upstream and downstream signals I n e s ion 203 - 13 are

different. Therefore, tihe wpsd reammand, doMESEs £y« ShgRaLLRAGPREREI ON
| osses take different values. To sinplify the explanation, in this exanple

it is assunegist hah e dQwrs reamanch dpsd 4o S eed PF oprgation 5 | osses
are equal . However, the frequencies of upstream and downstream signals are
knomn in pragtda@emission 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 propagatiocn loss Lgy
= P.my ~ Prbx
Downstream signal propagation loss Lyg
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 caa (2)
Normally, however, the freqﬁencies of upstream

and downstream signals in the same mobile station 203 -
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Accordi ngly, the upstream and downstream signal propagation | osses of the
sane propagation path can be calculated. Correction of the propagation

| osses is 10 al so easy. A case in which the receiver 213 of the base
station 202 fails and as a consequence all the reception |evels of the
base station 202 |ower by 10 dB will be explained below. In this state,

all the first to Nth 15 nobile stations 203, to 203N are normal. Under the
assunption, all the reception powers fromthe first to Nh nobile stations

2031 to 203N det ggtred Ayt he fhase r3tAt QN 2024 aner by 19,08 Hoyever

these reception powers are not always equal "even when the receiver 213 20

of the base gtghh9np2@dass R MlossEREHef I &i ffetdnt I vOSSS bl erd 0
determ ne, frominformation indicating the detected reception powers,

whet her the kempligh the oH@oeineesior5 MasHiesednsle the ik sshenal

| evel s of signals transmtted fromthe first to Nth nobile 25 stations
2031 to 203Nthate theweicsths Hrearhiasde dyodi reend |, s ignglerdospaddt Son

determ nation, the propagation | osses between the base 14 station 202 and
first to Nt hlosbieke aseatticuad .203bwere 203 arranlet it ed f Bpstiomns (2)
presented above are based on the assunption that the upstream and

downst ream shgndbvwpstpagat isciyriadss escarknetjuain Aoadiidtagly, the 5
propagation | osses of the nmobile stations 2031 to 203N after the receiver
213 of the bAsec¥dangdy 2Ghenhapstream and downstream signal

propagation losses of the same propagation path can be
calculated. Correction of the propagation losses is
10 also easy.

A case in which the receiver 213 of the base
station 202 fails and as a consegquence 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 mobille stations 203; to 203y are normal. 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 poweis, whether the level of the:
receiver 225 has lowered oxr the input signal levels of
signals transmitted from the first to Nth mobile

25 sfations 2031 to 203y have lowered. |

In this embodiment, to perform this

. determination, the propagation losses between the base

_14_



failed are indicated by Upstream signal propagation |oss of first nobile
station = 60 dB (+10 dB) 10 Downstream si gnal propagation |oss of first
nobil e station = 50 dB Upstream si gnal propagation |oss of second nobile
station = 80 dB (+10 dB) Downstream signal propagation |oss of second 15
nobile station = 70 dB 20 Upstream signal propagation loss of Nth nobile
station = 110 dB (+10 dB) Downstream signal propagation |loss of Nth
nobile station = 100 dB ... (3) The conparison of equations (3) with

equations (2)shaws, et dry ilrdihe d vt ddbNd sobilsnstagions, 2031 to
203N, the upstream signal propagation |oss 25 increases by 10 dB fromthe

downst ream sixgigl ar8r epagal heBdl. 0ssqueensaaueny| Yirddertedelrivd red t hat
the gain of the receiver 225 of the base station 202 -- 15 - |lowers by 10

dB, i.e., theasegeionerhd?%alone itas dhaid athe Qonst tedm sawdsdows e ah t he
receiver (not shown) of the first nobile station 2031 alone fails and 5 as
a consequenceighe lg@rvdagesriorbyl dededB arMd ledieanl deskeadmedi gl pw. the this
state, the second to Nth
5 propagation losses of the mobile stations 203; to 203y
after the receiver 213 of the base station 202 has
failed are indicated by
Upstream signal propagation loss of first
mobile station = &0 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 -



nobi l e stations 2032 to 203N and base station 202 are normal. In this
case, the propagation | osses of the npbile stations 2031 to 203N are

i ndi cated by 10 15 20 Upstream signal propagation |loss of first nobile
station = 50 dB Downstream si gnal propagation |loss of first nobile station
= 60 dB Upstream signal propagation |oss of second nobile station =

downst r eam si gnal propagation | oss = 70 dB Upstream si gnal propagation

|l oss of Nth nobile station downst ream si gnal propagation |oss = 100 dB

(4) Consequent '%e bc; IdBS dleteermm@ Pé(c@'?@@?r?ﬁlg SOYRLI RS (4) with

édﬁatlons (2) that n‘of the. "receiver of the first nobile station
2031 has lowergd Yy 25 10 dB, i.e., the receiver of the first nobile
station 2031 alone has failed. Consider a case in which the gains of the

base -- 16 - station 202caefdétrstcanbi hg ghathonnhd02dckovwer Qynot0 dB at
the sane tinme will be described below. In this state, all the second to

Nt h nobi | e stsaidwans 2DIhd Ei203MasElaostatiohn208i slease, f4ies propagat i on
| 0sses 5 as a consequence the gain lowers by 10 dB will be
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; te 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 propagaticn loss of second
15 mobile station = downstream signal propagation
ioss = 70 dB.
Upstream signal propagation loss of Nth
mobile station = downstream signal propagation
20 loss = 100 dB
. (4)
Consequently, it i1s determined by comparing
equations (4) with equations (2) that the gain of the .
receiver of the first mobiie station 203; has lowered by
25 10 dB, i.e., the receiver of the first mobile station
2031 alone has failed.

Consider a case in which the gains of the base

- 16 -



-5 of the nobile stations 2031 to 203N are indicated by Upstream signal
propagation |l oss of first nobile station = 60 dB (+10 dB) Downstream
signal propagation loss of first nobile station = 60 dB (+10 dB) 10
Upstream si.gnal propagation | oss of second nobile station = 80 dB (+10 dB)
Downstream si gnal propagation | oss of second nobile station = 70 dB 15
Upstream si gnal propagation loss of Nth nobile station = 110 dB (+10 dB)
Downstream si gnal propagation |l oss of Nth nobile station = 100 dB ... (5)

20 where (+ é@%@lohnéb%a%%a tehe i éﬁﬁﬂﬂp%thgﬂﬁFQHﬁﬁ'QB%@Q4L i @guatlons

(5) as shown above upstream an downstream si gnal propagation | osses

are equal onby kRe LRl khigk AN ®SIRIJON RBLe1RRA t he, upsts eam si gnal
propagation loss is larger by 10 dB than the downstream 25 si gnal

propagation kesgel,Naall thie seeenad tio NYHh mioiillee stsitatdrons @H32 ot 0 203N.
Normal 'y, the probablllty that some stations - 17 fail is nuch higher than

t he probabil pog,tHae Adbimast atinnghiiai bakegether prSpagetivheldefsses, the
upstream signal propagation |osses of all the nobile stations 203, to
203N | ower bpfl@heéBmoit lies sttetteomsned hab £h8y are indicated by
Upstream signal propagation loss of first
mobile station = 60 dB (+10 dB)
Downstream signal propagation loss of first
mobile station = 60 dB (+10 dB)
i0 Upstream signal propagation loss of second
mobile station = 80 dB (410 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
- (5)
20 where (+ 10dB) indicates the difference from equations
(4). In equations (5) as shown above, the upstream and
downstream signal propagation losses are egqual 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 sécond to Nth mobile
stations 203; to 203y.

Normally, the probability that some stations

- 17 -



5 gain of the base station 202 has |owered by 10 dB. Then, it is possible
t-o assune that the nunber of fault nobile stations is nmuch smaller than
t he nunber of normal nobile stations, so it is determned that the gain
of the receiver of the first nobile station 203, 10 has |lowered by 10 dB.
In the failure detecting device of this enbodinent, the base station 202
exclusively perforns failure detection. Accordingly, the base station 202
can recogni ze the status of its own failures and those 15 of the first to

N h mobile Staiions f0dn hegARINCH Hen® e G N obije stations

203, to 203N cannot recogni'ze failures by thenselves. Therefore, if, for

exanpl e, thegfifstngobkhe $bakicer203kiglene thasd@ided thd hpdbasaamst ation
202 outputs this informationto the 20 first transm ssion signal processing

part 2211, apdghhe pkbpAgHLLLAr 122% s ITSAILS HHe didrdredt i dros t he first
nobil e station 2031. As a consequence, the first nobile station 203, can
recogni ze t hgoBaidare=nf lidwemisy 10 adBriit ets odetereined, thatl thke a
measure to correct 25 the failure. Fig. 4 shows an outline of the flow of
a failurse deaknt bAgtpeobess wsed iom tHe fhaid Ureredmicedey g -dB- part
according to this enbodi ment described above. The failure detecting part
218 shown i nTFey, 1ithas poepibleCamt sasumeoddssi ndiaumiumbeotoEha)t and
executes the failure detecting process by executing a predeterm ned
mobile stations is much smaller than the number 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 d4dB.
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 conseguence, 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 fallure detecting

- 18 -



5 control

Menory, not shown). First, the failure detecting part 218 initi
variable n to "1" (step S301). At the sane tinme, the failure detecting

part 218 clears the 10 contents of a buffer (to be explained later). The
propagation | oss cal cul ator 218c cal cul ates an upstream signal

| oss Lhu and downstream si gnal

station 203,, by equations (1) (step S302). Since the variable
t

15 an operat]
Upstrean1sigh§?

propaga

program stored in a storage nmedi um such as a ROM (Read Only

alizes a

pr opagati on

propagation |l oss Lnd of an nth nobile

nis "1",

| BALEALEAGDY LU DAY W dc 11 R0 Ualdye PerfiRy ed.

l"'oss "Li Prbl Downstream si gnal

propagati on k@ss,Libdge?@ct iRPbartPOl showkB)in FiRN, 1 hauglid femence
checking unit 218d checks whéther the upstream and ‘downstream si g
propagation (tegsesilpeceedskind calieyl aled dndbust)ep 202 dcddt e tdhen 25
substantially equal ranges (step S303). Although the difference between
the two is "@ailarthdetkeve nexpranalisisony igxddits exanyeeddtdeniassiined t hat

the -

19 difference between the two is approximated to "0" if i

gnal

t falls

within the rangerofl pRodBam fstiolreddiitf er ence adeetmeskbinint idhwa s s "REM ( YES)

"0" is recorded in that

vari abl e (Read Only Memory, not shown).

First, the failure detecting part 218

area of the buffer menory (not shown) where the

initializes a variable n to "1" (step S301). At the

same time, the failure detecting part 218 clears the

10 contents of a buffer (to be explained later). The

propagation loss calculator 218c calculates an upstream

signal propagation loss Ly, and downstream signal

propagation loss Lng of an nth mobile station 203, by

equations (1) (step S$302). Since the variable n is
15 an operation indicated by equations (6) below is
actually performed.
Upstream signal propagation loss Ly
= P - Py
Downstream signal propagation loss Lig

20 = Pib1 - Pemy

|I1l'|"

. (6)

Then, the difference checking unit 218d checks

whether the upstream and downstream signal propagation

losses ILgn, and Lyg calculated in step S302 fall within

25 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

- 19 -



5nis 111", which corresponds to the first nobile station 2031 (step
5304) .. When 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
variable n is equal to or smaller than the total nunber "N', a nobile
station 203 whose transmitter and receiver are to be checked still remains
(NO. Inthis case, therefore, the flowreturns to step S302 to 15 proceed
to processing.far S e ti gg%%%. ohdver; papd, if it
IS deterninegl?%egkg%e %%g%gﬁﬁg?%fh§§ﬁ€§f$2%° andlﬁ%ﬂﬁgpgéaQ?gibﬁa?g
propagation £hesgesikhynantcl Rl loroutiy dis t heraldiwabl ereanges, and 20
if the upstream signal propagation loss Lnu is |arger than the downstream
signal propagatieen ese kRd (st ep" S3EE) ,YEQ)" {s'rdSof&sdriiedchart t hat
portion of the buffer nmenory, which corresponds to the variable n (step
5308). The f howat ben tadv dudE: rt mentda r @ees Sgei N wiepe 25hS30hridbse, |if

it is determned in step S303 that the upstream and downstream si gnal
propagat ion hossed 1I'puwhdmth lood rfesidonals sialechdnef atdovmddb el e asigesiocanand i f
the 20 upstream signal propagation loss Lnu is snmaller than the '

downst ream si2z§ial (prepafabéon | oss Lnd (step 5307: NO), "-" is recorded in
that portion of the buffer menory, which corresponds to the variable n
(step S309). The When this ‘processing is complete, the variable

n is counted up by "1" (step S$305), 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 38302 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 Lm and Lp,g fall outside the allowable ranges, and

20 if the upstream signal propagation loss L, is larger
than tﬁe downstream signal propagation loss Lpg (step
S307: YES), "+" is recorded in that portion of the
buffer memory, which corresponds to the variable n (step
$308). The flow then advances to the processing in step

25 S8305. Also, if it is determined in step S303 that the
upstream and downstream signal propagation losseé Lnu

and Lpg fall outside the allowable ranges, -and if the

- 20 -



5 flow then advances to the processing in step S305. In this manner,

whet her 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 checked for each of the first to Nth nobile stations 2031
to 203N in order fromthe first nobile station 2031. |If this check up to
the Nth nobile station 203N is conplete in step S306 (YES), the failure

base ot at1 on 507 <A SERE F AT & St atronse 200 LEsFobaRP T Ehe 1
accor dance Wbl heeantanis 0 e dutiar mesony, (shepp 83391 wEyg.

shows details of the process o erm ni ng the presence/ absence of a

failure of ther LLaneEdddd Om KGR WRirtd 1biSteP 9 G 0f rdt Gnerflordrj rst,  if
the difference between the upstream and downstream signal propagation

| osses Lnu ap@ikhd dog re@uidchds0 taldhe Wdhidblden aldevmld 30 9angeré0") for
all the variables 25 "1" to "n" stored in the buffer nmenory (step 5321:
YES), it5isfdewerhicheddviaaicashe d s midesssang ireceiaers3@d. all the
base station 202 and first to Nth nobile - 21 stations 2031 to 203N are
normal (step S322) . Noire ithied mdnrdme, twheshetrtens dbnfiferercecbstwtenal
the base station 202 and first to Nth nobile stations 203, to 203N have
failed, a ph§h@n@@@ﬁnq¢mMﬂngdownstream signal propagation losses

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

10 allowable range ("-") is checked for each of the first
to Nth mobile stations 203: to 203y in order from the
first mobile station 203y. 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 {step
S310).

Fig. 5 shows details of the process of

20 determining the presence/absence of a failure ¢f the
transmitter or receiver in step S310 of Fig. 4. First,
if the difference between the upstream and downstream
signal propagation losses Ly, and Lpg 1s 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 staticn 202 and first to Nth mobile
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5 the difference between the upstream and downstream signal propagation
l.osses Lnu and Lnd falls within the allowable range ("0") for all the
first to Nth nobile stations 2031 to 203N can occur. However, this

enbodi mnent does not assune such an extrenmely exceptional 10 failure node.
Note al so that as already described above, a failure of the transmtter of
any of the base station 202 and first to Nth nobile stations 2031 to 203N
can be detected independently of the present invention Therefore, failure

_deternlnatloan%Qogg %E§E|§$3§¢$d J%g éﬂéﬁgﬂ%ﬁ {ng the two nethods

at the same cul con5|dered bel ow. |f

it is determ ned t 3 te th
ned in s %]%t% %}1’\%{'% Whetﬁ‘lagﬂa ﬁtrﬂ ﬁé@fé %@Sr@céﬁérg"'éf" n the

al | owabl e range (11011) er variables n are "+" is

checked (st ep; §3¢g). phbeakkatlipnyai2ahies #rake (ot EBos tdie  downstream
transm ssi on path propagation loss is larger than the upstream

transm ssi onspathoRE0RPBGALEOM OBShdve Blildde StpHdmnsendhi $nphRehereENON
can occur when the 25 transmtter 225 of the base station 202 has fail ed,

or when % hethecai¥eegeateabktivhenf ithst utpe thcaimmabid elowtstiens 2031 to
203N have failed. However, the 22 possibility that the receivers of all the
first to Nthsignbil prepathtnsn20®sstee 203MHdilqafathe wambin fbei s
extrenely low. In this case, therefore, it is determned that the
transnitter 225owtbiherbage $f'8flofor all the first to Nth mobile

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 5321 that not all
the variables n fall within the allowable range ("0")
20 (NO), whether all the variables n are "+" is checked
(step 8323). If all tﬁe 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

- 22 -



5 202 has failed (step S324). If sone variables n are "+" (step S325: YES),
i.t is.determned that the receivers of nobile stations 203 found to be "+"
have failed (step S326). In this case, when the base station 202 transmts
a signal to 10 the nobile stations 203 found to have failed, the failure
notification unit 218f notifies that their receivers have failed (step
S327). Consequently, each nobile station 203 having received this
notification can recognize the occurrence of the failure by reproducing 15

the notif!caphensBY 1t as L& %'%%r1r%p%b idlye coryegle #hedaidypg, 1f al

the variabl e the e range ( ) and at Ieast sone

varianl es n 85811806 =t1cbs! 030328 2N, anrh o4 epr825andh imshesher al | 20

the variables n are is check step S the variables n are

(YES), it iscdetenahneddihat Itnthlrse%%is\éer taﬂe'&e(ﬂ%& 1)t of st he base station
202 has failed (step S329). Finally, a case in whi ch some variables n are

25 (step S328zthEhiwedl thetexpleaitiechhaltawr 1223 MBS tlaSsssd tstst Dot er mi ned
that the transmtters of nobile stations whose variables n are "-" have
failed (9 ep20228asS330) ed N sttlics S8&@kle,. as in the above case, when the base
station 202 transmts a signal to the nobile stations 203 found to have
failed, these nobile stidisome wriapléed irdardaltthéstepedelyer SERave
failed (Stepit is determined that the receivers of mobile stations
203 found to be "+" 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 $327). 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 S323: NO, and step $325: NC), whether all

20 the variables n are "-" is checked (step $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 8329).
Finally, a case in which some variables n are
25 "-" (step S328: NO) will be explained below. In this

case, it is determined that the transmitters of mobile

stations whose variables n are "-" have failed (step

- 23 -



5 S331). Consequently, each nobile station 203 having received this
notifi:cati on 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
detected by two-stage evaluation, i.e., by the presence/ absence of a
failure. However, the degrees of failures may al so be nore finely
classified into, e.g., a failure by which the anplification factor only

slightly inceeages o159, Crc%%%e,&asa'l%[ 4 el Y %‘C’)@a{d%e,eﬁ%?ér}aegﬂ?én- he

Additional ly, ""a'faillure of the transmtter is a

enbodi ment . Haweveh - +QRlny 2@ didaWei®s NS IHLel Vel Qad ndh S be.
determ ned. Although detection of a failure of a nobile 20 station such as

a cell phonegikgtexplsaiigd foridhe AbeMe nhbed Mitesd hfopresestat et i on
is, of course, also applicable to other radio apparatuses. In the

above- nenti oaed embadiiReRNtthad SOHIGE repfidfciidihaes Faikedassss ation
receives, froma 25 conmunication term nal of a conmunication partner with
whi ch t hes bas&34tat i Conceruemtdat, e eadhhencatlief istadtioon gf03 bdodhiridie
reception power of a signal transmtted by the - 24 source apparatus and
t he transm ssecripederthafs aocdiigrialat itomasm trtestbdrol 2¢h et Isd Wroeli mppatat us
determ nes the reception power and transm ssion power of the source
apparatus wi Ph tagpéet luget by cepmodivedticorrheemftidiication by the

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 cgll 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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5 and cal cul ates bidirectional propagation | osses between the

conmuni cation term nal and source apparatus on the basis of these four
types of data. The difference checking nmeans checks whether the difference
between the bidirectional propagation |losses falls within a 10
predeterm ned all owable range. If the transmtters/receivers of the two
apparatuses are nornmal, the bidirectional propagation | osses of one
propagation path are equal or fall within the predeterm ned allowable

range. Ther eLred e AR DIl a81d 90Aln BroD20RLT 00, Lospsal 8l L gyt si de

t he allomable range 1's deternm ne conmmuni cat i on

termnal or %%‘éh%%lac&% HAS RS e d0apSEse ©F, e PERAPAGALERE path has a

failure. That is, by detecting the S|gnal transhi ssion power and reception

20 power of Q%%@g@idH“@d%éH*ﬁhdﬂH&Hﬁng%éﬂ&htﬁEMeﬁoﬂﬁUﬂhéaéb@ﬂcéEFﬂlna' of
t he communi cation partner, the presence/absence of a.failure of the

transm tter shpbpeaiaters wift i hespdow wppaiat tertugidabeon desenihagd wi t hout
usi ng any special hardware. 25 Also, a failure of a source apparatus which
comuni cad es anidt lrad quilertadd thyi difresomimma T ab + opa d 2t tdvmal ssseanbbewdetect ed.
In this case, the source apparatus - 25 - receives, fromeach of these
comuni cat i omhiee commalrsicattilen Matinfiireal | and ofothee r &pppt d'ons porethef a
signal transmtted by the source apparatus and the transm ssion power of
a signal trakegsist ef ttdhasfe Sour dorghafatdata. The difference

checking means checks whether the difference between the
bidirectional propagation 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 Dbidirectional 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 cof 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 fallure of a source apparatus which
communicates with a plurality of communication terminals

can be detected. In this case, the source apparatus

- 25 -



5 determ nes the reception power and transm ssion power of the source
apparatus with respect to each of these comunication term nals, and

cal cul ates bidirectional propagation |osses between each conmuni cation
terminal and the source apparatus on the basis of these four 10 types of
data. The difference checki ng neans checks whether the difference between
the bidirectional propagation |osses falls within a predeterm ned

al lowabl e range. If the transmtters/receivers of the two apparatuses are

normal, the Bidireatd O@omlég%rho%@actﬂf%:&ﬁﬂrgﬁxiqjaﬂ%w ign path are

equal or fall"'Wthin’t he predeterm ne owabl e tange. erefore, for a

pai 1 of the saur o :aRARERLS 4 dhe GUBBIN (A IR, d:L1dH nalchynai ch the
bi di recti onal %bropagatﬁoﬁ | osses f%l 0 tgidezgﬁg allomaﬁ?gy?ange, it 20

i s determ neg Lhakieitehehyt ke Ly aldrdiaidNdal He SO SR SPDPGE at us
has a failure. It is also possible to performnore precise failure
detection onplherbad & @fi gniahe teem=eliattian W ttha fPured idppotatus,

comuni cation termnals. That is, when communicating with a plurality 25
of comurs catietr ridm@snahs, relveprsdure @Eparatdisraacid stes powgagaf i on

| osses between these conmunication termnals and the source apparatus, and
-- 26 det er mheescuat appaidatue hdshomaped: ite tdwch toansmese er/ recei ver
of one of a communication term nal and the source apparatus by which the
di f ference bevwaewmicehdosi dgieradmiadifal anhidatuiatdodsleati fedt 50 si de t he

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 1is 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 scurce apparatus, and

_26_



5 predeterm ned all owabl e range, so the presencel/absence of a failure of
t.hese apparatuses can be determ ned w thout using any speci al
if the difference checking neans determnes that all the
10 outside the all owabl e range, all these
termnals may have failed or the source apparatus may have
failed. However, if the failure rates of the source apparatus and each

addi tion,

communi cation term nals fal
conmmuni cati on

comuni cation termnal are equal, the probability that the source

apparatus fapkgednshshigher ”f%'llhﬁee Fi{aoéwc%%] ed Nat alg the

conmuni cation termn

ai | I'n thi's case

har dwar e.

ere ore, It is determ ned
that the trae:?gh%}a%lcte%%'e\e%&v%f ¥ orROW £ AR USahBdn f 8blRbnal f the

In

di fference checking neans determnes 20 that sonme communication termnals

fall outsideahhetnal kenwablke a}a@aﬁ%,tdé dy et e diifedréacd useswbdave

occurred in the transmtters/receivers of these

found to fal theubsddecthe onalll papyatainge. 1odsdd stpllid sditsbddeties m ned
transmtter/receiver of the source apparatus has fail ed,

that the

preci se fail preddeceminedt 2di owalier frarmps,. skhdthe RFesérsgeidbsbrce

propagation | oss of a propagation path to the
than that of of prépadareort passe erpestrtommuiaatioretembagd it is

det er m ned

10

15

20

25

that the receiver of the source apparatus has fail ed.
without using any special hardware.

In addition, if the difference checking means
determines that all the communication terminals fall
outside the allowable range, all these communication
terminals may have failed or the source apparatus may
have failed. Howéver, if the failure rates of the
source apparatus and each communication terminal are
equal, the probability that the source apparatus fails
is higher fhan the probability that all the
communication terminals fall. In this case, therefore,
it is determined that the transmitter/receiver of the
source apparatus has failed.

If the difference checking means determines
that some communication terminalis fall outside the
allowable range, it is determined that failures have
occurred in the transmitters/receivers of these
communication terminals found to fall outside thé
allowable range. |

Also, if it is deitermined that the
transmitter/receiver of the source apparatus has failed,

more precise failure determination is performed. That

- 27 -
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5 1n the opposite case, it is determned that the transmtter of the
source apparatus has failed. Mre specifically, if it is determ ned that a
val ue obtained by subtracting the transm ssion power of the source
apparatus with respect to a comrunication termnal from 10 the reception
power of the communication termnal is |arger than a val ue obtained by
subtracting the +transm ssion power of the comunication termnal from the
recepti on power of the source apparatus with respect to the communication

term nal _1tiLs detenmi pedebhak sLhe 110 eGelv el glad s SPYLAS aRparal s has

failed. O herw se, rmned that the“tr tter "of the source

apparatus hagofabbedpphirk@WsSg s ishallll elrS t¥REEHRAE G A Nl Adisagdt@sm tter
or receiver of the communication termnal 20 has failed, nore precise

failure detepgtRatboBakh ReHhRMARAL ibhAtk drénirdl ,t e propRgAmOmddss of a
propagation path to the source apparatus is smaller than that of a

propagati on pakb theeaebed@@IUBIFCaNORouredapardtiud hadet®riliewed that the
transmtter of a 25 conmunication termnal found to fall outside the

al | owabl & r abgethasoppokéte Calser,wiseis detemdirerdntiedt tHeat the recei ver

of the comunication termnal found to 28 fall outside the all owabl e range

has failed. Maesmspeeirf pfalthe, sdetreeniappeirent s hper figrined .on Mdre basi s of

the rel ationship between a val ue obtained by subtracting the transm ssion

power of a cemROhféaplei t dfnilfal sf depermined that a value obtained

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.

Likewilse, 1f 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

._28....



5 the reception power of the source apparatus with respect to the
communi cation term nal and a val ue obtained by subtracting the
transm ssi on power of the source apparatus with respect to the

communi cation termnal fromthe reception power of the conmunication
termnal. 10 Furthernore, although the source apparatus determ nes a
failure, if the source apparatus determ nes that a comrunication term na
has failed, the source apparatus notifies the comrunication term nal of

the failurec Aqeardingly e 1Gosr.hondidics TRl epbon ¥ Lerm nal can

recogni ze that its receiver or t _ all'ed, and take a necessary
Counter”EasU%?ec@%ﬂ%ﬁ%ﬂy,b%%ﬁ@¥ﬁﬁhaﬁﬂ3hffﬂ'ﬁgffé¥ﬁ@@téﬂgthgeyé§fsa@ford'ng

to the present invention which detects a failure of a circuit apparatus

such as a reg@ieV@kllati2hsiiig et th@detecidNg obedl M@ 199 Subesetteigsuch
as a base station receiver or a receiver of a nmobile termnal. CLAI M

S 1. A fail utgedeecisiigden gowdiaratterdaetn 2edyicomeiningl Srom
notification receiving neans for receiving, 4 fromat |east one
comuni cal i omhkeraceglt ioh drexomiuniicatdcnrgardmesyatos i vichat tespettbot h
reception power of a signal transmtted froma main apparatus and 7
transm ssi ontpowde comaugiigedlicr dresmiititadd arod saiva e nob 8z aippdriay us;
subtracting the transmission power of the source
apparatus with respect to the‘communication terminal
from the reception power of the communication terminél.
10 Furthermore, although the source apparatus
determines a failure, if the source apparatus determines
that a communication terminal has failed, the souzce
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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9 determ ning neans for determning the 10 reception power from said
conmuni cation termnal and the 11 transm ssion power to said conmunication
termnal; 12 propagation |oss calculating nmeans for 13 cal cul ating

bi di rectional propagation |osses between 14 said conmuni cation term nal and
mai n apparatus, fromthe. 15 two powers output fromsaid notification
~receiving neans 16 and the two powers output from said determ ning neans;
17 difference checking nmeans for checking whether 18 a difference between
the propagation losses falls within, 19,a;predeterm ned allowabl e range;
and 20 failure determ ning neans for determning that 21 a

t itter/ ' f; at 4 ' j j iy nal d
ransmitter/receiver of] a ZiQ%ﬁld¥Ea&gt§?%ﬁ§$2d§9£@yn%@%ﬁégﬂekfﬁghna an

mai n apparatus has a failure, 23 1f sal erence c I ng nmeans
determ nes that cbh@riddndi:fference falls outside the allowable range. 2. A
failure detecting device according to 2 claim1, characterized by further
conprisirg a plurality mot3¥ichiofort Orea eatd Ofled9s NEHAl BecdiwhgEpi n said
notification receiving nmeans 5 receives, fromeach of said plurality of
comuni cat i ofirofi ber Tedalts ook & ocmmminiacatdrort aaifmel ,ohaiification of 7
both reception power of a signal transmitted fromsaid 8 nmain apparatus
and transm sspomupdwertioh gagitgeal, trcansindateicdn oS dahmaiscappasat us, 10
6 power of a signal transmitted from a main apparatus and
7 transmission power of a signal transmitted to said main
8 apparatus;
9 determining means for determining the
10 reception power from said communication terminal and the
11 transmission power to said communication terminal;
12 . propagation loss calculating means for
13 calculating bidirectional propagation losses between
14 said communication terminal and main apparatus, from the .
15 two powers output from said notification receiving means
16 and the two powers output from said determining means;
17 difference checking means for checking whether
18 a difference between the propagation losses falls within
19 a predetermined azllowable range; and
20 failure determining means for determining that
21 a transmitter/receiver of at least one of said
22 communication terminal and main apparatus has a failure,
23 if said difference checking means determines that the
24 difference falls outside the allowable range.

2. A failure detecting device according to

2 claim 1, characterized by further comprising a plurality

- 30 -



said determ ning neans determ nes, for each 11 conmunication termnal, the
reception powers fromsaid 12 plurality of communication termnals and the
13 transm ssion powers to said plurality of conmunication 14 termnals, 15
sai d propagation |oss cal culating neans 16 cal cul ates bi directional
propagati on l'osses between each 17 conmunication termnal and said main
apparatus, fromthe 18 two powers output fromsaid notification receiving
means 19 and the two powers output fromsaid determ ning neans, 20 said

differenq; c %C%BR%PQE%Q%i% e%%§n§gghggr 21 a difference between the
in

propagation lI'osses talls with a predeterm ned all owabl e range, and 23
said failure determ ni ng JRans At eribdes: dd@fon 2Aefe ¢8RS MELRS/ M ecei ver

of at |east one of said 25 comunication termnal and nmai n apparatus has a

failure, 526rkbesabd,difbar ered eedding gRANS i48f M dnimBtatien 27
difference falls outside the allowable range. 3. A failure detecting device

accordi ng t oteZmehail® 2f ehavaaheriiczed om ddaindd, sivli tidderencer - 31 3
checki ng means determnes that the difference falls 4 outside the allowable
range for7 al boah saicdpplhivhalpiotwrofof & cdnmali datdremittered niteyn said failure
determning neans 6 determnes that a transmtter/receiver of said main 7
appar at us8 hamaanf apparetu4. aadf didaovsenigetiert ipnyeatevifter atiomraling to 2
claim2, characterized in that if said difference
9 transmitted to said main apparatus,

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 sald 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 if said difference checking means determines that the

27 difference falls cutside the allowable range.

3. A faillure detecting device according to

2 claim 2, characterized in that if said difference

- 31 -



3 checki ng

al l.owabl e range for some of said plurality 5 of communication term nals,

said failure determning 6 neans deternmnes that a transmtter/receiver of
said comunication termnals, which is found to fall 8 outside
5. Afailure detecting device according

each of 7

the all owabl e range has a failure.

neans deternmnes that the difference falls 4 outside the

to 2 claim3, characterized in that if it is determned that 3 a

propagation | oss of a propagation path to said main 4 apparatus is snaller

than a prpagaLlgn Loss AL acddhnabagation nath . sach cormmn pati on

term nal ,” sal |ure d eterm ning neans ernlnes a receiver of
said main apparatys bag Ballb%bl%n%a géﬁem 1 S i d gl ey et ning
nmeans deternlnes that a transmtter of sa mal n apparatus has fail ed.

6. A failgr ecgﬁfh‘éﬁﬁ.bﬁg1@%V‘t%%m%%%qrsd' G it £22 16R M e Gha AG
is determned that 3 a propagatlon | oss of a propagation path

that if it

to said mai nddrappanakUshiks SMalr-elsoiitaie & epagat ion 40586 dim 5

propagation path to each conmunicati.on termnal, said - 32 - 6 failure
det erm nimg appaAgadakehasnes fhidtira. transmtter
outside the 8 all owabl e range has failed, and,

sai d faiIurd.‘QZﬁemfukﬁrérﬂpt&nﬂ$n@eievh¢®eac¢hadiagrEceiver of
a 10 conggnlcatlon termnal found to fall outside the 11 allowable range
has fail ed.

termnal found to fall

ot herw se,

3
4

glapmf i | gherdetestizeg devitdataddorsdiity difference

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

5. A failure detecting device according to
claim 3, characterized in that if it is determined that
a propagation loss of a propagation path to said main
apparatus 1s smaller than & propagation loss of a
propagation path to each communication terminal, said
failure determining means determines that a receiver of
said main apparatus has failed, and, otherwise, said
failure determining means determines that a transmitter
of sald main apparatus has failed.

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

propagation path to each communication terminal, said

- 32 -
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2 claim1, characterized in that if it is determned that 3 a propagation
| 6ss ‘of a propagation path to said nmain 4 apparatus is equal to a
propagation loss of a 5 propagation path to each communication terninal,
said 6 failure determning nmeans determ nes that said 7 communication
term nal and main apparatus .are normal. 8. A failure detecting device
according to 2 claiml, characterized by further conprising failure 3
notifying means for notifying said conmunication 4 term nal of a detected
failure. & failure determining means determines that a transmitter

7 of a communication terminal found to fall outside the

8 allowable range has failed, and, otherwise, said failure

2 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

© 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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