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AQt enna ‘Di versity Appar at us And Met hod Therefor 5 Field of the Invention
The present invention relates:generally to radio subscriber units and, nore
particularly, to a radio subscriber unit having a switched 10 antenna

"di versity apparatus and nmethod therefor. Background of the Inv&@éi 92RRadi o]
systens provide users of radi o subscriber Iunits with wirel ess

communi cations. A particular type of radio systemis a cellular

radi ot el ephone system A parti

ul.ar .t ype.,of subscriber unit is a
cel I ul ar radi ot el ephone subscrkﬁ §H¥$ rH’ta‘ﬂrﬁg VIN&f erred to as a nobile

station. Cellular radiotel &Bwitchal Airtemna DivesityyAppatatde a switch

controller coupled to a public switc etwork (PSTN) and a 20
plurality of base stations. Each éf ({]ﬁgethﬁur al ymgf base stations

general |y defines a geographic region proximate to the base station to
produce cayerage areas. One or nore nobile stations comunicate with a base
station that facilitates a call between the nobile station and the public
swi tched tel ephone network. A des 1 ul ar radi ot el ephone 25
systemis described in the book "Mbile Cellular Conmunications Syst ens" by

Dr. WIIi C Y. 1989. S t at h di

t he recelp?imon of chﬁﬁlﬂﬁaﬁ%ﬂq ‘5'1‘(0 ﬁ&?bté%g?ﬁ?rlﬁﬁ%ipﬁ ﬁ%?lé B I 1% | mprove
Di versity enphnsismege pamﬁcmlarlgdtmda'ad;o subsdripkr oaiti lavihg aesWﬁelweﬂ an

[ [ ' th fadi dit

[ rrprove_rreg?sz 39% argﬁ,%ﬁ{@ﬁﬁgﬁgagﬁngﬁg@gm?% t‘rf@flefd pa adi ng condi tions.

Space div I'n par WO or nore antennas that are
physi cally spaced apart by a distance related to the wavelength. In a space

diversity system a transmttedggd ar e ndibhoht | y. di fferent paths
fromthe transmtter to the two anCennas at the receiver. In addition,
there may be reflected 35 pat hs, where the transnitted signal recei ved by

I 1102 oRedid s plide et e i intee
rrulpt i pat h?? adi ﬂﬂ"mﬂﬁlé:ﬁﬂ ps. A particular type of fadio %yét% i’y cbiifiaP" €S
radiotelephone system. A particular type of radio subscriber unit is a
cellular radiotelephone subscriber unit, sometimes referred to as a mobile
station. Cellular radiotelephone systems generally include a switch
controller coupled to a public switched telephone network (PSTN) and a
20 plurality of base stations. Each of the plurality of base stations generally
defines a geographic region proximate to the base station to produce
coverage areas. One or more mobile stations communicate with a base
station that facilitates a call between the mobile station and the public
switched telephone network. A description of a cellular radiotelephone
25 system is described in the book “Mobile Cellular Communications
- Systems” by Dr. William C. Y. Lee, 1989.

Some mobile stations have diversity to improve the reception of
communication signals sent from the base station. Diversity employs
equipment redundancy or duplication to achieve an improvement in

30 receiver performance under multipath fading conditions. Space diversity,
in particular, employs two or more antennas that are physically spaced
apart by a distance related to the wavelength. In a space diversity system, a
transmitted signal travels by slightly different paths from the transmitter
~ to the two antennas at the receiver. In addition, there may be reflected
35 paths, where the transmitted sigfal received by each antenna has also
traveled_lg_}iiiifferent paths fronfthe transmitter. Experience has shovn




thé different paths. Although the path fromthe transnmitter to one of the
two antennas may cause phase cancellation of the transmtted and refl ected
‘path waves, it is |less probable that nultiple paths to the other 5 antenna
wi | | cause phase cancellation at the sane tinme. The probability that the
two antennas are receiving exactly the sane signal is called a correlation
factor. Known space diversity systens in€lude switched antenna diversity
(SAD),. sel ection diversity (SD) and maxinal ratio conbining diversity 10

br ogr mrmed ¢ itk pes B Rffeere) Pﬁﬁbgﬁﬁéﬁ?@%{%ﬁ peEpedie iR dng P 1"

conpari son otranamsﬁed Isigral dihectveo vedd sighalsmayseot be sinvalta@ousiy
t t | 1978
| BEE Canadi afl sl iB Re St t[?’r?’ e photeriB of {RllApath udfig Yok {’f b&anada

t1Tons and
and " Per f or nthe differgntpaths: 24 theﬁsbftﬁsmtb mndh@érmrpltm&e.qm of thy
Zdunek et5 al twbkrtedhanmag tda@@é @Qﬂﬁkéllaﬁﬂﬁi 6hthe Eaﬁsmﬂtee@and bri ef

description of t he e hree o] q SAD errpl oys
two antennas? Wé‘@? i’é? {Iﬁ?f(ﬂéﬁ Q[Y‘é ﬂg“% Te, doubl e
t hrow radi o anmm«anw;dlcalfs)e phadec@ncéllaﬂoﬁra@lthesamrﬂesThéqarebMtyr ecei ved
from each an t . ecei ver at
atime. SD eﬁ’ﬁnﬁg tﬁ&%ﬁ%@ﬁ%%&%‘eﬁﬁr% gde’? \ggef %mlg% lﬁé)g%lc d ént enna is

coupl ed to iterre qreﬁe@itamr The receiver with the highest baseband 25

signal tggnoise r g e Hﬁre%ﬁ\kf ﬁ@n&%@ﬁx&é‘ﬁﬂﬁ@l@%@éxﬁﬁoﬁgﬁ%ysf)he
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branch are c3BR prRRge a3y Glomm ung:aélomsméi P@W@F:\/Mpntfe
Canada and "Performance and optimization of switched diversity
receivers" by Zdunek et al, IEEE Transactions on Communications, Dec.
1979. A brief description of these three diversity systems is now provided.
20 SAD employs two antennas coupled to a single receiver through a
single pole, double throw radio frequency (RF) switch. A controller
samples the signal received from each antenna to couple only one of the
two antennas to the receiver at a time.
SD employs two antennas and two receivers, wherein each antenna
25 is coupled to its own receiver. The receiver with the highest baseband
signal to noise ratio (SNR) is selected to be the demodulated signal. SD
provides improved performance over SAD because the signals produced
by the receivers can be monitored more often than with SAD and suffer
fewer switching transients. However, a weakness of both SAD and SD is
30 that only one antenna is used at any instant in time, while the other is
disregarded.

MRCD also employs two antennas and two receivers, wherein each
antenna is coupled to its own receiver. MRCD seeks to exploit the signals
from each antenna by weighting each signal in proportion to their SNRs

35 and then summing them. Accordingly, the individual signals in each
diversity branch are cophased and combined, exploiting all the received
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sighals, even those with poor SNRs. However a di sadvantage of MRCD is that
MRCD is nore difficult and conplicated to inplenent than SAD or SD. A
particular type of cellular radiotel ephone system enpl oys spread 5
spectrum signaling. Spread spectrum can be broadly defined as a nechani sm
by which the bandw dth occupied by a transmtted signal is nmuch greater
than the bandwi dth required by a baseban®information signal. Two

cat egori es of spread spectrum conmuni cations are direct sequence spread

spectrum (DSSS) and fre uency hoppi p d spectrum 10 %5
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20 noise ratios are typically minus 15 to 30 dB. Determining the phase of the
code is the most difficult. The receiver uses a process known as

synchronization to determine the starting point of the code from the
received signal in order to despread the required mgnal while spreading all
unwanted signals.

25 The DSSS technique acquires superior noise performance,
compared to frequency hopping, at the expense of increased system
complexity. The spectrum of a signal can be most easily spread by
multiplying it with a wideband pseudorandbm code-generated signal. It is
essential that the spreading signal be precisely known so that the receiver

30 can demodulate (i.e. despread) the signal. Furthermore, it must lock onto
and track the correct phase of the received signal within one chip time (i.e.
a partial or subinteger bit period). At the receiving end, a serial search
circuit is used. There are two feedback loops, one for locking onto the
correct code phase and the other for tracking the carrier. For code phase

35 locking, the code clock and carrier frequency generator in the receiver are
adjusted so that the locally generated code moves back and forth in time




4 el ative to the incoming received code. At the point which produces a
_maxi mum at the correlator output, the two signals are synchronized, neaning
‘that the correct code phase has been acquired. The second | oop (carrier
tracking | oop) then tracks the phase and frequency of the carrier to 5
ensure phase |ock is maintained. A cellular radiotelephone system using
DSSS is comonly known as a Direct Sequeﬁce Code Division Miltiple Access
(DS-CDVA) system Individual users in the systemuse the same RF frequency

but are sepa | Yi I In a
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receiver. 35
tests have measured only a small percentage of time where there is

significant resolvable delay spread and both theory and simulations have

20 shown soft handoff enhancement to be over a very limited amplitude
range of the signal. As a result, the forward channel suffers performance
degradation with respect to the reverse channel which has antenna
diversity and takes full advantage of all its fingers.

Not only is there reduced range in the forward channel but the
25  quality of the channel is poorer because frame error rate (FER) occurrences
are correlated. Whereas reverse channel errors are much more random in
time resulting in higher quality speech sound. The fundamental reason
for the correlation is the character of the fading channel and the
sluggishness of the forward channel power control loop.

30 Coherent antenna combﬁ1ing could solve the range imbalance issue
and go a long way to eliminate the FER correlation problems. But
coherent antenna combining is typically avoided in mobile stations
because of the cost of receiver duplication and especially in DS-CDMA
mobile stations because of the high complexity of the receiver.




5 SAD can be a solution. SAD is required in Personal Digital Cellular (PDC)
nobi |l e stations. But, their tine division nultiple access (TDVA) access

‘met hod all ows an antenna decision to be nmade just prior to a serving tine
slot arrival. No switching is permtted within the tinme slot. 5 The

Ardi sTM Portabl e Data Term nal uses switched diversity that operates within
the nmessage; but, it is ineffective at S|§eeds above 10 MPH. This is
because-the traditional switch algorithmcan't keep up WI t h the fast fades.
Accordi ngly, ther eed fo ar 0, subscr i her u swi t ched
ant enna di ver si tygé;;% ?%EG? %ﬂllﬂ hggb ’ﬁé'FﬂPHth'ﬂaPt < ﬁaé?ejﬁ.lla Y he
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FIG 6 illustrat e?%of M AN %s%ﬁ Pr‘? 5%1??% Y}% of t he
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FIG 8 ill uslSY%hemS a bl ock diagram of a radio systemincluding a third
enbodi ment of a radio subscriber unit. FIG 9 illustrates a block diagram
of a radio systemincluding a f?rth ertbodl of .2 radi o subscriber unit

as an alternative enmbodi ment BrigtLdescrip B&f the radio
subscriber unit of FIG 35 8.

15 FIG. 1 illustrates a block diagram of a radio system including a first
embodiment of a radio subscriber unit. '
FIG. 2 illustrates a flowchart describing the operation of the radio
subscriber unit of FIG. 1.
FIG. 3 illustrates a flowchart further describing a portion of the
20 flowchart of FIG. 2.
FIG. 4 illustrates a flowchart further descrlbmg a portion of the
flowchart of FIG. 3.
FIG. 5 illustrates graphs of probability distribution functions at
various chip integration levels in support of the description of the
25  flowchart of FIG. 4. "
FIG. 6 illustrates a flowchart further describing another portion of
the flowchart of FIG. 2.
FIG. 7 illustrates a block diagram of a radio system including a
second embodiment of a radio subscriber unit as an alternative
30 embodiment to the first embodiment radio subscriber unit of FIG. 1.
FIG. 8 illustrates a block diagram of a radio system including a third
embodiment of a radio subscriber unit.
FIG. 9 illustrates a block diagram of a radio system including a
fourth embodiment of a radio subscriber unit as an alternative
35 embodiment to the third embodiment of the radio subscriber unit of FIG.
8.
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6 FIG 10 illustrates a block diagramof a radio systemincluding a fifth
enbodi nent of a radi o subscriber unit as an alternative enbodi nent to the
“third and fourth enbodi ments of the radio subscriber unit of FIGs. 8 and 9.
5 FIG 11 illustrates a block diagramof a radio systemincluding a

radi o subscriber unit incorporating the first enbodi ment of the radio
subscriber unit of FIG 1 and the third €nbodi ment of the radio subscriber
unit of FIG 8. 10 Det ai | ed Description of the Preferred
Enbodi ments Three odi pent s..descri erei nbelow ar.e fix

br et 1y sunmmr | 5B Rinetltesca Blodk diagram of 8 red it ylem Biife g ifthe

t hree enbodi embodiment béalnaﬁﬁmsnhsaxbemnﬂnpamdnmlte,mahveetrﬂimhmem tany 15
way to achie . | S

coni nat i onstly RE STt EEknboa kR 1Rk Tl uTeta: BES! PG 8
conbi nat i onsam@d 8. possi bl e considering the particul ar features of each of

h h | FROPPC I
the three;genera ol Wﬁﬁ&taﬁesdéﬁfdckbﬁﬂg%ﬁﬁ%'f'&%ﬁ%% 'ﬁt%luiég%ra

enmbodi nent, descr reference . to a radio
subscri ber ufd 1°|%’1’2’P%"%“‘&“§%F‘?r&’l9éﬁt‘%&Fg%%SWWSPéF’E‘?“r%E 1Qppar at us
and a met hodsdisgcribes il 6f RIG.thand ahe thifd @nilsstimenit of ¢hé badioustibisciiber udes a
controller and. t ched antenna diversity receiver apparatus having a
first antenan'lt d antenna, and a receiver. The controller selectively
couples one of only the first antenna to 25 the receiver, only the second

antenna_ §@ the receiVgfoifldf D . i rofak ditnddtsecond ant enna,
to the receiver respo the receiver.
A second general enbodi nent, described with reference to FIGs. 1-7,

describes a net hoghi&s E@ﬁ’éﬂal ehibodim@nty dedceibed Kéiﬁﬁibé%w%@eﬁlﬁﬁ Biefl

radio 30 subscri ber radi o sybsgri ber, un a_.con roIIer
and the di vef4mma ﬂ‘%ﬁ?ﬁ‘%%ﬁﬁ%ﬁ% and; '1‘54 rﬁfﬂpgm%eﬁ?ﬁjﬂg%econd

antenna. Theembudinlents neynbé dinplementeecireiépehdentlpfort dombineslt innahgnna and
coded pi 1ot - WL ~ERRE ??eﬁﬁsa%s%‘éﬁwéﬁa ﬁWiﬁ* s f%vrfgﬁipﬁ%sﬁ | Vecei ved
signal s (10) combinati®ts oftheythree genefaltambodinasnts.d Maqyialnoretsfmcgfnm
i ndi cation ([ §ibiifRins He pORiIBIEBhYRRHIgHIR! particular features of each of the
three general embodiments described hereinbelow.
A first general embodiment, described with reference to FIGs. 1-6,

20 describes a radio subscriber unit including a switched antenna diversity
receiver apparatus and a method for controlling the same. The radio
subscriber unit includes a controller and the switched antenna diversity
receiver apparatus having a first antenna, a second antenna, and a
receiver. The .controller selectively couples one of only the first antenna to

25 the receiver, only the second antenna to the receiver, and both the first
antenna and the second antenna to the receiver responsive to a received
signal generated by the receiver.

A second 'general embodiment, described with reference to FIGs. 1-7,
describes a method for controlling a diversity receiver apparatus in a radio

30 subscriber unit. The radio subscriber unit includes a controller and the
diversity receiver apparatus having a first antenna and a second antenna.
The controller controls a selected state of the first antenna and the second
antenna responsive to at least one of: a ratio (Ec/Io) of the coded pilot
signal (Ec) to the received signal strength of all received signals (Io) and an

35 integration of the received signal strength indication (JRSSI) of the
received signal. '




7 A third general enbodiment, described with reference to FIGs. 8-11,

descri bes another nethod for controlling a diversity receiver in a radio
“subscriber unit. The diversity receiver receives either a first radio
frequency (RF) signal nodul ated by a digital nodulation nmethod or a 5
second RF signal nodul ated by an anal og nguIatlon met hod. I n one

enbodi nent, the controller controls the diversity receiver responsive to a
first diversity algorithmwhen the diversity receiver receives the first RF
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106, a cont regdond diversity algerithm ahexctheudiversity recenverareceivies theter 112.
The switgh a@c%hﬁ“RP s aflrrﬁbélﬁlafté‘& sywﬁg a%ﬁﬂ?g é&uliﬂén&ﬁ?ﬂ{gﬂ' | 3 i ncl udes a

first ant enn . ant enna sw tch a second
switch 120, an@lliner @@b@@ 2the gontgg erlzantraisdttl& divezsitie receiver 4 fir st

bandpass fil i&@bohsive ® 2Firsf téceived ﬁtf@ffﬁhhén%ét Wien theS@RRRcitp setdaEs

| ncl udes 4 ABREHGETR s S0 siga modyitted by e S mofetion etiod 1)1

i ncl udi ng a ardaespohsive tala sacondgehelv%mordmtmnmetawhéﬁghe alivensitygr at or

and . scondas S‘féf%f&@%“ﬁ%yf&%‘ REBE Ao Udd oy B AE o[ 001 i agr am

of the radlonyubdéhpbeﬁl -102 is sinplified'in order to facilitate the

under st andi ng of BE %thfiﬂf—‘ﬂ’{é ﬁguré:' FIG'Pﬂhﬁétrat&é‘SBl@ék alag}‘gﬁ%f ber

unit 102 al so i clu es her bl oBks and ¢ ti1.ons, known
Lo those oki Aradia sysie 10, Theradia sysiemysensselly indndgna e ioosu ssg BF r st

antenna 114 usitclo2pdrediatbasd Etatidietrans&ivdialrMpaﬂ& fadlp eubdd@iber Urdt 102 st
bandpassyl | beherkit indi bR Sdisted I div Bl HRkivek Spphiitus 108, 41" o'
controller 108, a user interface unit 110, and a transmltter 112. The
switched antenna diversity receiver apparatus 106 generally includes a first
antenna 114, a second antenna 116, a first switch 118, a second switch 120, a
third switch 122, a load 124, and a receiver 126, a first bandpass filter 133, a
25 first pre-amplifier 135, a second bandpass filter 137, and a second pre-
amplifier 139. The receiver 126 generally includes a demodulator 128, an
intermediate frequency (IF) processor 141 including a received signal
strength (RSSI) determiner 129, an integrator 130, a downconverter 155, a
first analog to digital converter (ADC) 157, and a second analog to digital
30 converter (ADC) 170. The block diagram of the radio subscriber unit 102 is
simplified in order to facilitate the understanding of the present
invention. Practically, the radio subscriber unit 102 also includes many
other blocks and connections, as is well known to those skilled in the art.
In the radio subscriber unit 102, the first antenna 114 is coupled to
35 the first bandpass filter 133. The first bandpass filter 133 is coupled to the
first pre-amplifier 135. The first pre-amplifier 135 is coupled to the first




8 switch 118. The second antenna 116 is coupled to the second bandpass
filter 137. The second bandpass filter 137 is coupled to the second pre-
‘anplifier 139. The second pre-anplifier 139 is coupled to the second switch
120. The load 124 is coupled to the third switch 122. The first 5 swtch
118, the second switch 120, and the thirg switch 122 are each coupl ed
together at a single point at line 145 at' an input to the receiver 126. The
first swtch 118 receives a first control signal at |line 146. The second
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exanpl e, di sindiyative of the pilot power (Ec) to all received signal power (o). The
20 second A/D converter (ADC) 170 converts the received signal at line 153
~ from an analog signal to a digital signal at line 138. The integrator 130
receives the digital RSSI at line 138 and produces an integrated RSSI (/
RSSI) at line 144. The RSSI at line 138, the demodulated signal (Dx) at line
140, the J RSSI at line 144, and the ratio (Ec/Io) at line 142 are prov1ded to
25 the controller 108.
The controller 108 is coupled to receive the RSSI at line 138, the
demodulated signal (Dx) at line 140, the | RSSI at line 144, and the ratio
Ec/Io at line 142. The controller 108 generates the first control signal at
line 146, the second control signal at line 148, and the third control signal
30 atline 150. The controller 108 generates information for transmission at
line 152. The controller 108 transmits user interface information to the
user interface unit 110 at line 154 and also receives user interface
information from the user interface unit 110 at line 154.
The user interface unit 110 generally includes, for example, display,
35 akeypad, an earpiece, a microphone, as is well known in the art.
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35 'a keypad, an earpiece, a mcrophone, as is well known in the art. 9
The transmtter 112 is coupled to receive the information at |ine 152 and
“produces transnmitted information at line 134 for transmi ssion by the second
antenna 116. In operation, the radio system 100 generally operates as
follows. 5 The base station transceiver 104 conmmunicates wth the radio
subscri ber unit 102 over radio frequencyg(RF) channels. It is generally
known that the radi o subscriber unit 102 needs to be within a coverage area

rovided by the b tati 4 t QVi .ect
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radi o frequeang producer-jransupithed Dafornihition aidiine 334 Sor tansmission bgtheecei ves
a first reprgé&gl ?ﬂé q?of the RF signal 156 and a second representation
160 of the R na he radi o subscriber unit 102 al so generates a

transmt signal 16 In pperatione the radiosystesa 400 geaerally operatesasvellowss. The
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over RF channels 0 |nt ncl uded hin the scope of
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been -adopt ed acr oThefadipsystesh 160 aﬂyuiascnbes bny cohemBnidation rim GSM
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channel's, bUEenﬁErfraaﬁﬁéEpﬂ‘@heféﬁQﬁ%u&d&h SysterRdeivolwap radligt kbits/s.
- communication systems, and personal communication systems (PCS).
In the preferred embodiment, the radio system 100 is a cellular
20 radiotelephone communication system. Types of cellular radiotelephone
communication systems intended to be within the scope of present
invention include, by example, Direct Sequence - Code Division Multiple
- Access (DS-CDMA) cellular radiotelephone communication systems,
Global System for Mobile Communications (GSM) cellular radiotelephone
25 systems, North American Digital Cellular (NADC) cellular radiotelephone
systems, Time Division Multiple Access (TDMA) systems, and Extended-
TDMA (E-TDMA) cellular radiotelephone systems. GSM systems have
been adopted across Europe and in many countries for the Pacific rim.
GSM uses 200 kHz channels with 8 users per channel using TDMA, and
30 has a vocoder rate of 13 kbits/s. NADC systems use 30 kHz channels, three
users per channel, and have a vocoder rate of 8 kbits/s. E-TDMA also uses
30 kHz channels, but has 6 users per channel with a vocoder rate of 4
kbits/s.
In the preferred embodiment, the cellular radiotelephone
35 communication system is a DS-CDMA cellular radiotelephone
communication system. The standard for this system is disclosed in




In the preferred enbodi nent, the cellul ar radiotel ephone 35 comuni cati on
systemis a DS-CDVA cel |l ul ar radi ot el ephone conmuni cati on system The
standard for this systemis disclosed in 10 TIA/EIA, 1S-95 Mobile
Station-Base Station Conpatibility Standard for Dual - Mode W de Band Spread
Spectrum Cel l ul ar System published July 1993 (hereinafter referred to as
the "I S-95 Standard"), herein incorporat eljoby reference. 5 In the

| S-95 standard, a nonenclature is given for the nam ng of data el enents
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described in the 10 aforenentioned |1S-95 Standard can take place in the
presence of interference that is 18 dB larger than the signal for a static

channel . Typically the system operates vm th a lower level of interference
and dynani ¢ channel conditions. :



The DS- CDVA cel | ul ar radi ot el ephone comuni cati on system may 15 be
divided into sectors or coverage areas as is well knowin the art. In a
*DS- CDMA system the frequencies for conmunication are reused in every sector
of every cell, and nost of the interference on a given frequency as seen by
the radi o subscriber unit 102 is fronth*{s out side that which the radio
subscri ber unit 102 resides. The residual'interference on a given 20
frequency seen by the radi o subscriber unit 102 is fromthe user traffic
fromwi thin the sane cell on the sane frequency fromtine-del ayed
(reflected) rays where each ray s a conposite signal 156 fromthe base
station tranebshent ﬁﬂﬂ(aﬁnndshg mbols) 114candn¢¢&.V|a nultlple paths
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bandw dt h of the signal. Wen a transmitted signal is received by
t he radi o subscriber unit 102 t he codi s renoved fromthe desired
signal, returning it to a data rate of d’blt/S When the coding is

applied to the other users' codes, there is no despreading; the received
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Typically the system operates with a lower level of interference and
dynamic channel conditions.
The DS-CDMA cellular radiotelephone communication system may

15 be divided into sectors or coveragé areas as is well know in the art. Ina

" DS-CDMA system the frequencies for communication are reused in every
sector of every cell, and most of the interference on a given frequency as
seen by the radio subscriber unit 102 is from cells outside that which the
radio subscriber unit 102 resides. The residual interference on a given

20 frequency seen by the radio subscriber unit 102 is from the user traffic from
within the same cell on the same frequency from time-delayed (reflected)
rays where each ray is a composite signal 156 from the base station
transceiver 104 arriving at antennas 114 and 116 via multiple paths each
with approximately the same delay.

25 A DS-CDMA base station transceiver communicates with the radio
subscriber unit 102 with a signal having a basic data rate of 9600 bits/s. The
signal is them spread to a transmitted bit rate, or chip rate, of 1.2288 Mhz.
Spreading consists a applying digital codes to the data bits that increase the
data rate while adding redundancy to the DS-CDMA system. The chips of
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portable unit, or a transportable unit. According to the preferred 20
enbodi nent, the radi o subscriber unit 102 is a DS-CDVA radi o subscri ber
“uni t deS|gned to be conpatible with the DS-CDVA cel | ul ar radi otel ephone
system as described in the aforenentioned |1S-95 Standard. The operation of
the first general enbodinent of the radig, subscriber unit 102 is now
general ly described. In general, the rad 25 subscriber unit 102 includes
the first antenna 114, second antenna 116, the receiver 126, and the
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portable unit, or a transportable unit. According to the preferred
20 embodiment, the radio subscriber unit 102 is a DS-CDMA radio subscriber
unit designed to be compatible with the DS-CDMA cellular radiotelephone
system as described in the aforementioned IS-95 Standard.
The operation of the first general embodiment of the radio
subscriber unit 102 is now generally described. In general, the radio
25 subscriber unit 102 includes the first antenna 114, second antenna 116, the
receiver 126, and the controller 108. The first antenna is adapted to receive
the first representation 158 of the RF signal 156. The second antenna is
adapted to receive the second representation 160 of the RF signal 156. The
receiver 126, selectively coupled to the first antenna 114 and the second
30 antenna 116, generates the received signal (Rx) at line 153 responsive to
receiving at least one of the first representation 158 of the RF signal 156
from the first antenna 114 and the second representation 160 of the RF |
signal 156 from the second antenna 116. The controller 108, coupled to the
receiver 126, selectively couples to the receiver 126, responsive to the
35 received signal at line 153, one of: only the first antenna 114, only the




d|VerS|ty recei ver apparatus 106 and the transmtter 112. The first antenna
114 is considered an auxiliary (or alternate) antenna that enables the 20
‘receiver diversity function. The transmitter 112 is not coupled to the
first antenna 114. The first representation 158 of the RF signal 156 and

t he second representation 160 of the RF signal 156 provide identical
information to the radi o subscriber unit**102. However, because of the
spatial relationship 25 of the first antenna 114 and the second antenna
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Cel | ul ar 114 is considered an auxihary (or alternate) antenna that enables the

20 receiver diversity function. The transmitter 112 is not coupled to the first

antenna 114.

The first representation 158 of the RF signal 156 and the second
representation 160 of the RF signal 156 provide identical information to
the radio subscriber unit 102. However, because of the spatial relationship

25  of the first antenna 114 and the second antenna 116, the RF signal received
at one antenna may be both delayed and attenuated with respect to the RF
signal received at the other antenna. The switched antenna diversity
receiver apparatus 106 processes takes advantage of these differences in
order to improve the reception of the radio subscriber unit 102.

30 . The receiver 126 is generally of the type designed to process RF
signals. An example of the receiver 126 is generally disclosed in the book
"Digital Communications" by John Proakis, McGraw-Hill, 1989, or
"Theory of Spread Spectrum Communications - A Tutorial" by Raymond
L. Pickhotz et al., IEEE Transactions on Communications, vol. com-30, pp

35 855-884, 1992. Many functions of the receiver 126 may be implemented in
discrete parts or as an integrated circuits (IC) as is well known in the art.



System an ASIC Overview', Proceedings of the |IEEE 1992 Custom I nt egrated
Circuits Conference, section 10.1, pages 1-7. The second A/ D converter 170
‘produces sanples at the chip rate. An exanple of the second A/D converter
170 suitable for use in the 20 preferred enbodinent is a CDX1175

manuf act ured by Sony corp. The RSSI datagle line 138 may be determ ned
using only one or both of the I-Q conponehts of the received RF signal 145.
The integrator 130 provides for nulti-sanple snmoothing of the RSSI data at
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An example of the second A/D converter 170 suitable for use in the
20 preferred embodiment is a CDX1175 manufactured by Sony corp. The
RSSI data at line 138 may be determined using only one or both of the I-Q
components of the received RF signal 145.

The integrator 130 provides for multi-sample smoothing of the

RSSI data at line 138. It can be performed by dedicated hardware, as
25 shown, or by a software algorithm in the controller 108.

The controller 108 is generally a microcomputer such as a
microprocessor or a digital signal processor (DSP). The controller 108 may
be, for example, a MC68332 microcontroller or a MC56156 DSP
manufactured and available from Motorola, Inc. The controller 108 is

30 typically separate from the receiver 126. However, the controller 108 and
the receiver 126 may be combined to form an integral unit, such as an IC.

The radio subscriber unit 102 further includes the first switch 118
and the second switch 120. The first switch 118, coupled to the first
antenna 114, the receiver 126, and the controller 108, selectively couples

35 the first antenna 114 to the receiver 126 responsive to the first control
signal at line 146. The second switch, coupled to the second antenna 116,




controlling the FETs as is well known in the art. As is typical with switch
15 antenna diversity receiver arrangenents, the FETs in the receive path
‘cause sone | oss of receiver sensitivity due to their insertion |oss. But,
the transmt (Tx) path is not affected because there are no switches in the
transmt path. In the preferred enbodi , the bias of the first
pre-anplifier 135 20 and the bias of t second pre-anplifier 139 are

al so controlled by the controller 108 (control Iines not shown) at the sane
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used for theatenuators e se ect eflrst

ant enna 114, anteanadddnanbnthesecondantemnr ike anshhotipthe fitst gatenna
acconpl iﬁmedaﬁa thaseecrsd hAfenmaost of attenuatlon at line 132, I|ne 134,
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description efankift 6BY)gaitRds sbehfiected b’ﬁcbuééﬁ{ete&@élnami&es|mfﬁléed to the
assi gned antgnna cgnfhgur ations just defined. An advantageous feature

provi ded by ubscri ber unit 102
In the preferred embodiment, the bias of the first pre-amplifier 135

20 and the bias of the second pre-amplifier 139 are also controlled by the
controller 108 (control lines not shown) at the same time as the first switch
118 and the second switch 120, respectively. The pre-amplifiers are biased
off when the corresponding switch, in series with the pre-amplifier, is
opened. This helps reduce current drain and improve 1solat10n when the
25 corresponding antenna is not selected.

Although the first switch 118, the second switch 120, and the third
switch 122 are represented as single pole single throw switches, hard
switching is not necessary in order to operate the switched antenna
diversity receiver apparatus 106. The first switch 118, the second switch

30 120, and the third switch 122 may alternatively be attenuators controlled by
the first control signal at line 147, the second control signal at line 149, and
third control signal at line 151. A typical attenuation value that may be |
used for the attenuators is 20 dB. Thus, the selected state of the first
antenna 114, the second antenna 116, and the load 124 may be

35 accomplished by varying the amount of attenuation at line 132, line 134,
and line 136 respectively.




Is*the three selected states of the first antenna 114 and the second
antenna 116. In the prior art, only two selected states are possible. In
‘the prior art the two selected states are typically inplenented using a
single pole, 15 double throw switch controlled by a controller. In the
prior art, one selected state is defined occurs only a first antenna is
coupled to a receiver, and anot her sel eck&d state is occurs when only a
second antenna is coupled to the receiver. The prlor art does not disclose
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the ratio Ecglg at lin Q _The,copntroller 108 se three
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and/or the ratio #m adyantagequs feﬁbus_ezpzow adiessubscrber it 102g the -
sel ected st ajeghetthréd Selbéted!staes OF TRe Hikét ﬁ{téni\@ QM %ﬁfﬂ\e%kéﬂcﬂ' Anddrtha

[ Tno- 142" ar o1 bl Missatior or pE#yema@esfsﬁ%t%téé‘a%‘%o%%b oo I RRIOF At o
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DS- CDVA si gna¢lecﬂed stateds idefineduidcurs onlytefitsicintenna isccoupled te alreceivenr uni t
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ratio of t het(P &eereﬂewesf grhe priesartdoesingt disclogg a rthlrd selected state
- occurring when both the first antenna and the second antenna are coupled
20 to the receiver, as disclosed in the present application.
Further, in the preferred embodiment, the controller 108 uses a
complex set of decisions, set out herein with reference to FIGs. 2-6, to
control the selected states of the first antenna 114 and the second antenna
116. The prior art traditionally uses a simple level of received signal
25 comparison between the first antenna 114 and the second antenna 116
(with perhaps some hysteresis added).
Still further, in the preferred embodiment, the controller 108
controls the selected states of the first antenna 114 and the second antenna
116 responsive to the | RSSI at line 144 and/or the ratio Ec/Io at line 142.
30 The controller 108 uses these three parameters to optimize alternate
antenna sampling as well as when to choose an alternate antenna .
configuration as a serving antenna configuration. The prior art does not
disclose controlling the selected states of the first antenna 114 and the
second antenna 116 responsive to the | RSSI at line 144 and/or the ratio
35 Ec/Ioatline 142. The advantages of controlling the selected states of the
first antenna 114 and the second antenna 116 responsive to the | RSSI at




10 " likely inmprove when the antennas are simultaneously connected.
Condi ti ons under which inprovenent occurs include signal levels within 10
*dB of each other and not in phase opposition. The third selected state of
the first antenna 114 and the second antenna 116 provi des an advant age not
realized by the prior art. The prior 15 rt also did not use the

equi val ent of the ratio Ec/lo. Adequate E?/Io while in the third sel ected
state indicates that the antennas nay both renmain sinultaneously connected

even t hough #:.hi | | Sl ' falr t her
with refer en@eﬁgwgﬁﬁg?%}ﬁggﬁgdiﬂéﬁ%%géﬁc%eb%&cﬁ%@ %q‘g%?%eer& ncl udes
the | oad 124FKasl 2-hbelv. third switch 122. The load 124 is coupled to
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control | e5 1@8variagebuy Whercricblvifig tadsprbd spectiritey signfl, suckpenhe St o the
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and the. | oad M ?@‘1 T RSV sishfe] e gelit voranptny T o
the first antkenedidbtibscriberenitd62nis presentrat bbih the firsttentpnnd 414 and
enbodi nment , | t X Al frh enna 114
and the | oatleseir ety 118, Belh e GFUS atat df Ui DET DI o)
enbodi nent,  signalethernigraltiocnaige satie of the vecsivadsigoal (Rx)rat line: 153 willt enna
114 and ype IRk ir ?;rdﬁe R gtk hAtdnis 426 Hi@ltahéSusly cdritecRIE! er red
enbodi nent, t %erihl déli'%fgmﬁghil ate occurs \/\hené&at B the first antenna 114
and the secoff®PEiHeR? which:iproyement oreure daclyde signal Ievels) oad 124 s
Inot dCOUpI ﬁd twithinel0 dBedfveachlgthet antiheottifi plths&&ip;ﬁisf #ibr35 state. 1ﬁ The
oad 124 has a predet.erijy i n [ I . ognt the
| oad fornms a pr ed%r%%qgggg%?%grO%%QP Sﬁgﬁtﬁﬁ‘ﬁgQ Z&rﬁ?‘g %\gbs%géﬂ?oad 124 is
a resistor. lanterra péeprovides entadviantage, noteealizedi birahe priomanéd ineepriér 100
ohms. 5 15 gt él%o'cﬁd%éis@%@ ehﬁi\}%@&{t%"f &E?ﬁﬁ&‘ﬂ%‘/l’&r Agl%ﬁuﬁ‘tetﬁc o while
predeterMned I nput. I.npedance tHat IS mai}g ed to a predeternined output
i npedance at inithe third, Sefersed piate mdicates that theasntenppg mashkofly svraaisy m ned
Olﬁt put | npedapfalidhedtsly dohnebRdSERST Bdugh kbis Ay rdittbetdeptinfiaaar d to
the select Orétat{g.t Wh5s'is discussed further with reference to FIGs. 2-6.
The radio subscriber unit 102 further includes the load 124 and the
20 third switch 122. The load 124 is coupled to signal ground potential at line
164. The third switch, coupled to the load 124, the receiver 126, and the
controller 108, selectively couples the load 124 to the receiver 126
responsive to the third control signal 150. The controller 108 selectively
couples to the receiver 126, responsive to the received signal (Rx) at line
25 153, one of: only the first antenna 114 and the load 124, only the second
antehna 116 and the load 124, and both the first antenna 114 and the
second antenna 116.
In the preferred embodiment, the first selected state occurs when
only the first antenna 114 and the load 124 is coupled to the receiver 126.
30 In the preferred embodiment, the second selected state occurs when only
the second antenna 114 and the load 124 is coupled to the receiver 126. In
the preferred embodiment, the third selected state occurs when both the
first antenna 114 and the second antenna 116 are coupled to the receiver
126. The load 124 is not coupled to the receiver 126 in the third selected
35 state.




thriee sel ected states of the first antenna 114 and the second antenna 116.
10 This is acconplished by first designing the receiver 126 with a
‘predeterm ned i nput inpedance matched to the predeterm ned output inpedance
at line 145 when the first switch 118 and the second switch 120 are both
coupled to the receiver 126 in the third, selected state. In the preferred
enbodi nent, the predeterm ned i nput inpetance of the 15 receiver 126 is 50
ohms. In the preferred enbod|nent, t he predeterm ned output inpedance at
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Ignoring the load 124 for a moment, the output impedance at line

20 145 when the first antenna 114 and the second antenna 116 are in either
the first selected state or the second selected state (i.e., when only one
antenna is coupled to the receiver 126) is not the same as the output
impedance at line 145 when the first antenna 114 and the second antenna
116 are in the third selected state (i.e., when both the first antenna 114 and

25  the second antenna 116 are coupled to the receiver 126). In the preferred
embodiment, the predetermined output impedance at line 145 is 100 ohms
when only one of the first switch 118 and the second switch 120, without
the load 124, is coupled to the receiver 126 in the first and second selected
states, respectively.

30 The load 124 is then added to be in parallel with either the first
antenna 114 or the second antenna 116 when only one antenna is selected
to be coupled to the receiver 126. The impedance of the load 124 is chosen
so that the impedance of the load 124 in parallel with the output
impedance at line 145 of either the first switch 118 or the second switch 120

35 is substantially the same as the output impedance at line 145 of both the
first switch 118 or the second switch 120 in parallel. In the preferred



not™ sel ectively coupling the | oad 124 to the receiver 126 when both the
first antenna 114 and the second antenna 116 are sel ected maintains a
‘constant predeterm ned output inpedance at line 145. Thus, the
predeterm ned 10 input inpedance of the receiver 126 is matched to the

‘predet erm ned out put inpedance at |ine . The prior art does not disclose
swtching in a |load when only one antennd is selecteéd. The prior art does
not disclose the third selected-state (i.e., when boththeflrst ant enna
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i ncluding a nal nd interfering 30 'signals represented
by si gnal 168 rl’él? odi nent , the desired signal is a spread
spectrum si gnal . Thelpﬂdn art Idoes ﬁdﬁdmﬂmsw@twﬁ ?rmra baghwhensordy breect

sequence spr 3D on
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pilot signal (EGhnl prec?eeiepmmedo ouépu% impedance to a receiver.
In the preferred embodiment, the controller 108 couplés both the
20 first antenna 114 and the second antenna 116 to the receiver 126 for a
period of time before selectively coupling either only the first antenna 114
or the second antenna 116 to the receiver 126. This activity by the
controller 108 may be summarized by the phrase “make before break -
switching”. The purpose of this type of switching is to reduce the transient
25  effects of switching antennas and to allow time to evaluate the possible
benefit of using both antennas in parallel. In the preferred embodiment,
the typical “make time” is a symbol period.
In the preferred embodiment, the RF signals 158 and 160 are
composite RF signals including a desired RF signal 156 and interfering
30 signals represented by signal 166. In the preferred embodiment, the
desired signal is a spread spectrum signal. In particular, the spread _
spectrum signal is a direct sequence spread spectrum (DSSS) signal adapted
for a CDMA communication system. A general description of the desired
RF signal 156 is disclosed in the IS-95 Standard mentioned hereinabove.
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ratio Ec/lo deternined at line 142. The interfering signals 166 may cone
froma variety of sources such as, for exanple, delayed rays of RF signal
*156, transm ssions from ot her DS-CDVMA base stations and spurious energy
fromother radio 10 transm ssions. A summary of the preferred operation of
t he second general enbodi ment of the ra}o subscriber unit 102 is now
provi ded. The first antenna 114 receive Qhe first representation 158 of

t he spread spectrum RF signal '156. The second antenna 116 receives the

d t at 160 . of . d t, RF, Sj 156. Th
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to the seconEScGEMAIbaaEQﬁiaﬂlomamdﬁpunmas eilihrgyfmmmﬂmrmdlm pr edet er m ned

. i npedancgy ThFaﬂ pdgggl Wi tch 122, coupled to the load 124, the receiver 126,
and the contr er 18 sel ecti veI couples the lgad 124 to the receiver
126 responsive tof slempary ot prs: ersed; gperationsof the secondgenesal control | er

108, coupl edeﬁfbddiﬂlehtbf&héudlﬁmub&&lbéﬁmqezﬁgn%w pedvidéq. Hidfitdte third
switch 122, erat the, fir

cont r ol na e 146,, the sec
control sign ﬂ‘é’eséﬁﬁ f%%?wt%b‘m Ilgé of tﬁﬁgpregf:l ?R%E%gﬁg
][es ponsi ve ':1 sxgnlak 156.t Thefsecond antériree] Tt teceies the secand eep rle@éhtahnhrlﬂ()z 6t he
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antenna 114 and the | oa , e second anten 16 and Ioad 124,
or both the 0 redeidingatlgaston h@sgs%ﬁ HoR 1A8 of the spread’

spectrum RF signal 156 from the first antenna 114 and the second
20 representation 160 of the spread spectrum RF signal 156 from the second
antenna 116. The first switch 118, coupled to the first antenna 114, the
receiver 126, and the controller 108 selectively couples the first antenna
114 to the receiver 126 responsive to the first control signal at line 146.
The second switch 120, coupled to the second antenna 116, the receiver
25 126, and the controller 108, selectively couples the second antenna 116 to
the receiver 126 responsive to the second control signal at line 148. The
load 124 has a predetermined impedance. The third switch 122, coupled to
the load 124, the receiver 126, and the controller 108, selectively couples
the load 124 to the receiver 126 responsive to the third control signal at
30 line 150. The controller 108, coupled to the first switch 118, the second
switch 120, and the third switch 122, generates the first control signal at
line 146, the second control signal at line 148, and the third control signal
at line 150 responsive to the ratio Ec/Io at line 142.
The controller 108 controls the first switch 118 responsive to the
35 first control signal at line 146, the second switch 120 responsive to the
second control signal at line 148, and third switch 122 responsive to the




116. 5 The controller 108 controls the first switch 118, the second
swtch 120, and the third switch 122 to selectively couple both the first
Yantenna 114 and the second antenna 116 to the receiver 126. For a period a
time before selectively coupling either the first antenna 114 and the | oad
124 or the second antenna 116 and the Io€9 124 to the receiver 126, the
controller 10 108 couples both the first'antenna 114 and the second
antenna 116 to the receiver 126. The three selected states of the first
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pr edet er mi ned"@étfef?re@ﬁ?e’fpaﬁmﬁgzrﬁandi tions for the controller 108. 22 At
step 202, a det er niRAflowbhats Whektrdtéd 30 HIGE! 2,F53! arld 6 @iré *hiodibd within

Predeterm Neqetd'orly Mérory (ROMPlrot shown) absoctated with' the controller 108.
FIG. 2 illustrates decisions made by the controller 108 that generally
20 consider a level of the [RSSI relative to a predetermined threshold, the
level of the desired RF signal relative to the composite RF signal, the
number of selected antenna states, and the level of the ratio (Ec/Io) and/or
the level of the JRSSI. FIG. 3 illustrates decisions made by the controller
108 that generally consider when to change the selected states of the
25 antennas based on the level of the [RSSI at various points in time. FIG. 4
illustrates decisions made by the controller 108 that generally consider
how to measure the level of the JRSSL. FIG. 5 provides support for
determining how the level of the JRSSI is measured. FIG. 6 illustrates
decisions made by the controller 108 that generally consider when to
30 change the selected states of the antennas based on the level of the ratio
(Ec/Io) relative to a predetermined threshold.
FIG. 2 illustrates a flowchart 200 describing the operation of the
radio subscriber unit 200 of FIG. 1. The flowchart 200 comprises a
collection of steps 202, 204, 205, 206, 208, 210, and 212 defining a
35 predetermined set of operating conditions for the controller 108.




prédetermned threshold is 6 dB. The predeterm ned threshold is enpirically
set to represent a | evel above the sensitivity of receiver 126. 5 At
“step 202, when the [err]RSSI is determned to be nmuch greater than the
receiver sensitivity, for exanple, greater than 6 dB, the first antenna 114
and the second antenna 116 can be left ig,parallel nost of the tine. In the
preferred enbodi nent, the third sel ecte tate occurs when both the first
antenna 114 and the second antenna 116 are connected in parallel to 10 the
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demodulator 128 detects the desired RF signal 156 at levels 10 dB higher

20 than other detected signals. The purpose of the determination at step 204
is to provide an indication of whether the radio subscriber unit 102 is in a
multipath fading or a soft hand-off condition versus a flat fading
condition. Multipath fading, soft hand-off and flat fading conditions are
well understood to those skilled in the art. The multipath fading or a soft

25 hand-off condition occurs when the desired RF signal does not dominate
the composite RF signal. The flat fading condition occurs when the desired
RF signal 156 does dominate the composite RF signal 158 or 160.

If the determination at step 204 is negative, then, at step 205, the

controller 108 selects either the first antenna 114 or the second antenna

30 116, or both the first antenna 114 and the second antenna 116 responsive to
a ratio of Ec/Io. The reason that only the ratio of Ec/Io is used and not
JRSSI is that [RSSI does not represent the magnitude of the desired RE
signal 156. Further details of step 205 are discussed with reference to FIG.
6.

35
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corftroll er 108 selects either the first antenna 114, the second antenna
116, or both the first antenna 114 and the second antenna 116 responsive to
*either the [err]RSSI or the ratio of Ec/lo. The reason that either the
[err]RSSI or 5 the ratio of Ec/l1o nmay be used is that [err] RSSI now
substantially represents the magnitude of_, the desired RF signal 156 and
Ec/lo is always representative of the i tude of the desired RF signal
156. The details of step 206 regarding the selected state of the antennas
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116 to the r eesfpometvelmheﬂRSSI arssdessgibedain detail widle defemencesto FliSsss 3-5.No)
from t heyd WOTARIGRIRSof Sep B0l eEhrdihk thogilciRarAse fgﬁs%ﬁ&mas' n this case,

roni z es and ‘t

antenna switching | s sync t 0°sy here_ I's no practical
reason to dor%spzvyswer@kfbet;éﬂgrcﬂﬁéa@redm&%f deference tqy -

significant pEGi®d when no antenna is connected. Oc hervvi se, valuable
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step 210 doe¢ssentiafzithe same asipravieusly desenibed, msteat .e. parallel
antennas). The delgidiép 200 Siviiinahe IRsspfsddéter&lﬁﬁdseJ set«.wé.e%%&&nef the
ant ennas respopsi the r crib In detail w.t 5
reference toNOISe (X\?o), ongxamp e, ess 6a dﬁ lS one antenna at a time shoulﬁ
be connected to the receiver 126. In the preferred embodiment, a first.
20 selected state connects only first antenna 114 to the receiver 126 and a
second selected state connects only second antenna 116 to the receiver 126.
This insures that the added thermal noise (No) from the two antennas in
parallel will not degrade reception. In this case, antenna switching is
synchronized to symbol edges and there is no practical reason to do a
25 “make before break”. However, there should be no significant period
when no antenna is connected. Otherwise, valuable information could be
lost. Therefore, there should be near simultaneous switching between a
first and second selected antenna states.
If the determination at step 208 is negative, then, the controller
. 30 selects either the first antenna 114 or the second antenna 116 responsive to
the ratio of Ec/Io. Step 210 is the same as step 205, with the exception that
step 210 does not have a third selected antenna state (i.e. parallel
antennas). The details of step 210 regarding the selected states of the
antennas responsive to the ratio Ec/Io are described in detail with
35 reference to FIG 6.




| f "at step 208, the determination is positive, then, at step 212, the
controller 108 selects either the first antenna 114 or the second antenna
116 responsive to either the [err]RSSI or the ratio Ec/lo. Step 212 is the
sane as step 206, with the exception that step 210 does not have a third
selected 5 antenna state (i.e. parallgi antennas). The details of step
212 regarding the selected antenna st at ‘+esponsive to the [err]RSSI are
described in detail with reference to FIGs. 3-5. The details of step 212
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FIG. 3.illustrates that three selected antenna states at steps 304, 310
20 and 320 may be selected by the controller 108. If the controller 108 only
needs to select between two selected antenna states, at steps 304 and 310, for
example, the flow takes the path indicated by dotted line 319 between steps
318 and 302. A brief reference to FIG. 2 shows that only two selected
antenna states are used in steps 210 and 212. If the controller 108 needs to
25  select between three selected antenna states, at steps 304, 310 and 312, for
example, the flow takes the path indicated by line 321 between steps 318
and 320. A brief reference to FIG. 2 shows that three selected antenna
states are used in steps 205 and 206.
The flowchart begins at step 302. At step 302 a determination is
30 made whether a predetermined time period has expired. The purpose of
the predetermined time period is to cause the check for the dominance of
the desired RF signal 156 to be evaluated on a periodic basis. In the
preferred embodiment, the predetermined time period has a duration of
one second.




If the determ nation at step 302 is positive, the predetermned tinme peri-od
of one second has expired and the flowhart returns to step 202 of FIG 2.
“If the determination at step 302 is negative, then, at step 304, the 5
controller places the first antenna 114 and the second antenna 116 in a
first selected state by configuring the first switch 118, the second sw tch
120 and the third switch 122. In the|mwﬁﬁwred enbodi nent, the switches are
configured at an edge of a chip correspondlng to an edge of a synbol . In

step 206 the firs el ected. s ate th possi b ant enna
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were no del athe tHifd smahmwelnn&@ &nﬂfodlh@n&ethe]sli‘ﬁ&hescaréd be so

simlar that no benef i P a ned akin Qn ur enent .
However, ?f‘ $%8? F’r?s l?ggﬁéﬁ scyaﬁlixgle conme to
oldin ti rre stepb’&ﬂédheefnyt pelactedcsﬁtemlfemy obtlmmnge possiblei antenan  gener al ,
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sanpl ed. As exdudes maat@m 114hand jangenna Hléin pasadlebhoul d be
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gloﬁflsﬁgesl I otptsit eﬁl@ algﬁia‘if B3O8l Rbsstv € reidfirdmeRRSof RIS SviidrP Yhe
selected antenna state changes. If there were no delay, the successive
measurements of the JRSSI could be so similar that no benefit would be
20 gained by taking a second measurement. However, if the delay were too
long, the first measurement could become to old in time to be of any
practical use for improving reception.
In general, sampling an alternate antenna state is a function of.
JRSSI. When the JRSSI is sufficiently high, the alternate antenna need not
25 be sampled. As the [RSSI drops, the alternate antenna should be
increasingly sampled until a maximum rate, for example, 1920 samples/s,
is reached.
The alternate antenna should be sampled sufficiently often enough
to account for Rayleigh fades. This implies that a slowly varying channel
30 need not be sampled as often and more samples can be averaged to
determine a composite sample. In this way, the sample duration is least
likely to affect reception.
If the determination at step 308 is negative, then the flow returns to
step 308 until the multiple symbol times have elapsed. If the
35 determination at step 308 is positive, the flow continues to step 310.
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26 ‘At step 310 the controller 108 changes the first antenna 114 and the
~second antenna 116 to a second sel ected state by configuring the first
*switch 118, the second switch 120, the third switch 122. In the preferred
enbodi ment, the switches are configured at an edge of a chip 5
correspondi ng to an edge of a synbol. Ig%gtep 206, the second sel ected
state can be any of the three possible enna conbi nations. Further, when
step 212 occurs, the second sel ected state excludes placing antenna 114 and

antenna 116 in par el ste contraqfl n res in
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step 316 andsggtgg\,&ga fﬂﬁd&b@ﬁeﬁ?&e pdhcates the flow path between step
318 and step 320. sel ect eg [

ant enna st at.e |- desi red, flow
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state. ThE tht bt determination at step 316 is positive, at step 318 the controller
replaces the measured RSSI in register one with the measured the JRSSI
at time T2. The purpose of the replacement is to load the most recent
measurement of the [RSSI into a known memory location for subsequent
comparison by a new measurement of the [RSSI. Then the flow returns to
25 step 308 wherein a determination is made whether multiple symbol times
have elapsed. Thus, if the measured fRsSI did not decrease, the antenna
configuration remains in the second selected state as long as the measured
JRSSI does not decrease with each measurement.
If, at step 316, the determination is negative, the flow continues to
30 step 320 when three selected antenna states are desired and, alternatively,
to step 302 when only two selected antenna states are desired. The dotted
line 319 indicates the alternative flow path between step 318 and step 302.
The line 321 indicates the flow path between step 318 and step 320.
If a third selected antenna state is desired, the flow continues from
35 step 318 to step 320 wherein the controller 108 changes the first antenna
114 and the second antenna 116 to the third selected state. The third
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27 'sel ected state can be any of the three possible antenna configurations.
At step 320, the change to the third selected state occurs at a chip edge
*corresponding to a synbol edge. This portion of step 320 is the sane as the
portion of the description for steps 304 and 310 above. 5 At step
322 the controller 108 neasures and sto;f? in menory (not shown) the

[err] RSSI in register two. The controll 108 now has a new neasurenents of
the [err]RSSI to nake a conparlson with the previous neasurenent. At step

324, the controller. . co es and es not 1

measur ed [er? 1%’? ﬁt%te%ge[gpy Mﬁ@oﬁé@??ﬁm @P%géfo'i“ﬁg‘ﬁ' &?ster
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step 308 wherel efm nation is made whether nultiple synbol tines have
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to the sel ected st of .t he ant curs at € 2orles ondlng
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chip transit BSSIom tdgistad twetrose gbeve oalequhledgtire ineasu S in tregister

(1 7) Fi1eer Gre) B BefbeBMhat of AP £5 8 nckfihve ed Bt LT HE g i1t
bi t/switch ceontrolgr 183 raphceeﬂwmezegrqdn lin Tegister ome withn gh mg is a
L o ASMBIRSP e e TR o it b
chip edge def %thl s(’glrpg eglem@tf el SI into a known meery ?ocatlo% for
subsequent comparison by a new measurement of the [RSSL. The flow
20 continues to step 308 wherein a determination is made whether multiple
symbol times have elapsed. If the measured [RSSI did increase, the
antenna configuration returns to make a measurement of the JRSSI in the
second selected state.

If , at step 326 the determination is negative, then the flow

25 continues to step 302 wherein a determination is made whether the
predetermined time period has elapsed.

At steps 304, 310 and 320 the change to the selected state of the
antennas occurs at a chip edge corresponding to a symbol edge. The
controller coordinates the switching instant with a chip transition of the

30 strongest rake finger (not shown in the demodulator 128). This
minimizes ringing effects in an intermediate filter (IF) filter of the receiver
126. U.S. Patent No. 4,584,713 teaches bit/switch coordination and
recognizes that the transient ringing is a function of the bandwidth of the
intermediate frequency (IF) filter and the delay from the number of poles
35 of the IF filter. The symbol edge and chip edge detection circuitry (not
shown in the receiver 126 and the controller 108) involves synchronizing




shdéwn in the receiver 126 and the controller 108) involves synchronizing

28 the antenna switch tinme with a tinme advance of a chip clock found in the
*denodul ator 128. The anpunt of advance is a function of the tinme del ay

bet ween the antenna terminals to the denodul ator 128 (i.e., nodulo of the
chip period). 5 . FIG 4 illustrates a flowhart 400 further
describing a portion of the flowchart 3@ of FIG 3. In particul ar, the
flowchart 400 of FIG 4 describes how the controller 108 neasures and

stores in ne the er SSI - at . ea of .the s s, 30 2 nd 322 of
FIG 3. The MeCHRtEDR e Bt Baondyaes 9ich chissclack fGpddR BEepe 10
desi gnat ed adembdulztﬁﬁ lz&d Thegrmopnbbdf ademscegisreefiaidtiondefsthendmeddelay st ep
404. Step 4 s 284

generally il e au@lg arﬁgﬁ’?%tﬁofﬁon@aghﬂé}aﬁ@%éinéat%?or| 3#1e %&F%r r‘ﬁ?@ﬁ for
consecuti ve dnpmen Jep 404 general ly includes steps 416 418, 420, and 422.
The step 5104 geneFfG%’ﬂHﬁ%"tésbﬁfloW&ai‘@mmﬂjﬁl%r a@eﬁum 8 podlofilof'they t he

[ ow path { e chara0 P HGyS. 48 paitichiandhaklondyrt A derbes

ow pa a

measur ed. Ot hewwiteecorittslierHIShméasures ahalkﬁaréseﬁw\ﬁematyem kaggaﬂ éﬁaw when
non- consecu nmea, erring now to step t he
controller 1%%&?933%‘3%@%@?%’5%9%5%”@ nt and the new [err] RSSI val ue. The
sanpl e count is aThedlowchaot 40thef FiGidegensralgsncludeph ggoup oflstepsur r ent

L RSB e M B O Bl Myt
measures a cHiepcHi2 inddes stepsc06a4Qf: 436, 413, and 414 §FﬁH)49?eg¢Qﬁ!aHYid sums it
with the nevw1inﬁy%fa]t&3§lm&a{daefor@he§§mglaﬁd dtofin cmerRBSHorlélﬁuseaﬁﬁeae nt s

the sanple c aIu In th rred e aml e co
i ncr enent ed g@tlpén gﬂ%gﬁlﬂﬁrﬁﬁﬁm U %ﬁ%ﬁeﬁ?g‘g& 3@0 r?é'@e‘l%n sarrpl e
amount is gr em@allyhdnscrtbesqhalmémod ﬂmﬂ:&ﬂedﬂrrmg&ﬂdtsmmgmﬂhé IRBSI fdile '
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the new [er rbmemsikpe 412 agd(AQdehﬁnrcensequtl phavm;ne . the
[err] RSSI va ?mlse G PARLIZ s HIERTbENenStEpSath 444 47% WHERhBE-

i ndi vi dual sanple
consecutive chips are measured.

Referring now to step 406, the controller 108 resets the sample
20 count and the new [RSSI value. The sample count is a measure of the
number of RSSI samples in the current [RSSI measurement. In the
preferred embodiment, the reset sample count is zero and the reset new
RSSI value is zero. :
At step 408, the controller measures a current RSSI sample taken
25 during a chip period and sums it with the new JRSSI value.
At step 410, the controller 108 increments the sample count value.
In the preferred embodiment, the sample count is inctemented by one.
At step 412, a determination is made whether the sample amount is
greater than or equal to a predetermined threshold. In the preferred
30 embodiment, the predetermined threshold is thirty two sample counts.
If the determination at step 212 is positive, then, at step 414, the new
JRSSI value is stored in memory (not shown). Thus, the JRSSI value is
determined at steps 408, 410 and 412 by summing individual samples of
the fRSSI over a plurality of samples. From step 414, the flow continues to
35 step 310, 314, or 324 of FIG. 3.




thé [err] RSSI over a plurality of sanples. Fromstep 414, the flow
continues to 35 step 310, 314, or 324 of FIG 3. 29 If the
“deternmination at step 412 is negative, then the flow continues via path 415
to step 408 when a neasurenent of consecutive chips is desired. If a
nmeasurenent of the [err]RSSI for non- conficutlve chips is desired, the flow
continues to step 416 via flow path 417 At step 416, the
controller increnents a skip count. A skip count is a neasure of the nunber

ki b count i s gr ol BF deimliRdie @%@g’e‘@&%ﬁ#ﬁs‘aﬂ%&‘a@&%&%ﬂ%t e
threshol d. | wia pathpd ¥ tr step 408bwlienarmeasurenand dftconsequtivesehips gount
threshold isg E%g%d 1Qﬁ]a measur. t{n]eﬁPSf ol ﬁ(gglrlﬁi‘ h%-&fns%&&?véléut§ jfregati ve,

then, at step ontroll'er wali and returns to step

perio
416 wher ei n dﬁ@r%rtheélq%ﬁombeua@m ﬁtepﬁclﬁéﬁerfﬁw k70 count. If the
determ nagion at gfteyert lﬁslthemmdnéemraﬁtent@h skipeao&ae Atdlép couht & | er

resets the ski count fl returns {0 step 408. In the 15
preferred errﬁdﬁ? elffc‘g %E ic\Hi’@l“il'reset, is zero. Thus,
steps 416, 418, 424 mle&,?aﬁetfﬁrrﬁaahmm/nﬁdeawhbﬂmr&herskip\goﬁmbis t hat
determ nes h hj i S
measur enont s St ] oF Sql 008 plbderBithBRA IR SRR BNSKERE, KERE

functi ons 50prefgcred5emboduaen50h¢ p;adeisoaum skip qmntc thrgshaldds tem. support

of the dggcriptioff @fe AdBrhlrRUIPAL s téf(hsrisﬁb tni’e tﬁéﬁat% azoaéﬂey
Il lustrates asagﬂllng str tegyr:il?;f nthe f G aphs

501- 505 eachCPRBPHeLMRItE ) Periqd andrefurpsit Br’Ft?Rugl‘:é "\%P%'e’é'fﬂﬁ ve different
sanpl e i nt egeshtrpller W8 ahﬁﬁt@@ﬁl@hfsi&\esski idoung. power in watts. Gaph 501

(eprosents o T Chup o et ACBRA 8 e B LR B, LT,
504 r epr esententrober nésetssthepdldp icouny and the flowv aeturfs o stapr 4% nkrsthe 16-chi p
S T e e e
provi des a pract i dausgsteps 4260‘518@\42@1 agdrﬂaaetogem;” PIgvidecichip eqvmtingii o
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FIG. 5 illustrates graphs of probability distribution functions 501,

20 502, 503, 504, and 505 at various chip rates in support of the description of
the flowchart 400 in FIG. 4. FIG. 5 generally illustrates a sampling strategy
used in the flowchart of FIG. 4. Graphs 501-505 each represent probability
distribution functions of five different sample integrations where the
abscissa’s unit is power in watts. Graph 501 represents a 1-chip sample

25 integration. Graph 502 represents a 2-chip sample integration. Graph 503
represents a 4-chip sample integration. Graph 504 represents a 8-chip
sample integration. Graph 505 represents a 16-chip sample integration.
The single chip sample plot reflects the fact that the example restricts the
voltage to odd integers.

30 The following provides a practical discussion of a sample strategy
used by the radio subscriber unit 102. Sample duration versus the number
of samples is a tradeoff that needs consideration to achieve a practical
design. In the preferred embodiment, the RF signal 156 transmitted from
the base station transceiver 104 consists of a sum of independent fixed

35 voltages of differing amplitude and polarity plus a DC voltage (i.e., the
pilot) significantly stronger than any other individual voltage. The result



design. In the preferred enbodi nent, the RF signal 156 transnitted fromthe
_base station transceiver 104 consists of a sum of independent fixed 35

“vol tages of differing anplitude and polarity plus a DC voltage (i.e., the
pilot) significantly stronger than any other individual voltage. The result
30 is approximately a gaussian anplitude_probability disability function
(PDF) offset by the DC vol tage. For exaﬁﬂ?e, the DC vol tage offset appears
as a peak of about 0.05 at about 40 watts in graph 505. Decreasing the
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of S Xt e CBASEMUabNfecrhidRatel) 89showki i igtabRYS0EIE08, 507, assiion woul d be

derived from SIXt four c on ¢ I ve or ternate synbol
boundari es. There®8 r18n5@§§§g§i@gaﬁ€ pakc ?%‘F‘Zf NetWeRBt e ant enna
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15 frane error rate. h| S 1emc n be essS |aI %lFb assg %
decr easi ng t A dﬁfg ﬁeﬁ'tfé?% €5 i%‘éﬁeﬁ?ngt Ve tgﬂ a may be

sanpl ed for exmfb&;lap sﬁegnatmnmf smteen\sapara(tedn chips arecequivéaleat t¢diap. sanpl e) .
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mat ched to awaildibg dexiyed dramp sbrtyifeur chip semplesion congrgutive s mﬁEf—'a
wor st case sgyﬂﬂ;dlcboghdarﬁg requi red Eb/No, 21 dB proceSS| ng gain and 1 W

SEATCIC LN RN TR PR DO AN R S
S/'N.  However muidte nbisidroanich ancxtended sampling ipterenl tsuses \wadegdadatiandin
oy be. 18 n QAR bR s5 ke y%%%‘%ﬂh?@‘r‘ B %ﬂ%ﬁ%@%&ﬂ%ﬁ%ﬁk&f come
t hi s probl emthe aen@émg intenvab r\Tapl cadly, bee eltemnadie antennaomay dyenssanpledan
oot ESSPEngly UG Vit e i AP e P
chi ps, the e§kample, consider the Io 1g1t1ze sample power at the output o
downconverter 155 of FIG. 1. The downconverter 155 is approximately
20 matched to an 0.81 ps chip of the RF signal 156. Now, considering a worst
case scenario of 7 dB required Eb/No, 21 dB processing gain and 1 W traffic
- channel Tx power out of 25 W total, the mean sample S/N is 7 - 21 + 25:1 =
0 dB. Therefore, the mean chip sample is almost always a positive S/N.
However, the instantaneous chip sample power is a variable and exhibits
25 very low chip to chip correlation. Thus, a single chip sample may be too
noisy as may be subsequent integration of samples. To overcome this
problem, the sample interval may be extended to more symbols. An
important technique is to straddle symbol boundaries to minimize the per
‘symbol impairment.
30 If the sample interval is on the order of a few chips, the entire
sample interval may be blanked from the symbol demodulator 128 with
only a small degradation in receiver performance. This is especially
effective because the total energy contains switching transients and the
alternate antenna may be quite noisy. |



sanple interval may be bl anked fromthe synbol denodul ator 128 with only a
~smal | degradation in receiver performance. This is especially effective
“because the total energy contains switching transients and the alternate

antenna may be quite noisy. 35 31 V\hen only one antenna is coupled to
the receiver and an [err] RSSI neasure Is to be nade, a nmake before
break connection is preferred in sanpli 1the alternate antenna. This may

degrade S/N by up to 3 dB but does not introduce swtching transients

articul arl ft n he two
gl ;nglg t:‘)ggt Iher m%ﬁié’oﬁllg% EE%E\%{%&?H@&?&%%%&E%?{&%F%J gsﬂt)hase and
anpl i tude. \ineasutesnentiis ta bei made; « amakesbefora brﬁalqj@;:tmyecupneaqueﬁwdel t her
the. on S“?Q“ﬁi chling the afi@irar) Aferle, Tkmds dopfhdd df*S ﬁt*?‘%.%&ﬁ“ "

f adi ng. nﬁ!éfr doeshaot HP\%‘P@“‘F?&%FNH gtlamb%e%tswéu arly tﬂ ltgrnatgnd t he
measur ed marﬁgﬁapfs 169 FRR¥kve? %?aaaﬁl a{el@vcEgi lstﬁg@ﬂiéitdﬁﬁllcduﬁiwss'on
of the sanmpler ) now rovi OWI n scussi on

alternate an¥e§H§au%‘a%ﬁ§°9r %@“‘i &npling may be gated
on when the servi Whes ﬂmacé 1slacs;i)gmﬁehmMamoﬁhNo£ﬂe1aWS}mehdl duefeither |t<]>RSSI or
ratio Ec/lo. t r Its
S/N via the t&l}i‘%ﬁf&%ﬁ Jiseth 3 5B Yend Bl GO ingiln Hsi"ﬂv@éﬂ%@r. Véh*‘%

finger acti vehip samap mkﬁﬂrestmatetmaﬁmtbmmo indigater of signabfadingai n as
derived @ ONHeRk ehd sas fﬂe tBé a%?%wgﬁn%@gaggsa%a;{tgﬁ glgéassgﬁ&fd S/N

shoul d be an 1 ndi cat or t er. or no §7 I ng
shoul d occurPa@n%tSHF%%’nﬁe ¢ the ratio Fe/log sanple at a nininumrate at

al | It.mesland attAb afaﬁea{ﬂd&iﬁb@smmm@sﬁ\ efzt&ltéSs oY om%éub hed. A
Sa e rule e a S an na I e&s

Sl e At or Mty QWﬁaSSé%r%%*ﬁﬁng{?nﬂﬂﬁw 83 ohpled gefipdivaly. >
The sanpl e rhe semplivg amybeggated mnwhearﬁnleese syingaigiial dhops betowar S ANen
hi gher . ﬁg dhaeNssR goieﬁ@st g& 1raﬁ{i%c9f6‘eflhé rh{imoéuﬂﬁcﬁpe?%m 02 @hreimivi t hat

they can be averaged to re ron. 1N any even ,W|th

such a hi gh atapestimate ofitsiS/Apvia thetiéargmqtens Be/ley smountief delay, spraade t
fol I ow fl at Bedesivall frofi AgéRitiity° A9¢ bearkhef réPorts and amount of hand

off (HO), again as derived from rake finger activity and searcher reports.
The estimated S/N should be an indicator of whether or not alternate
20 antenna sampling should occur. Of course, a simple rule is to sample at a
minimum rate at all times and at a higher rate when the S/N falls below a
threshold. o
A sample rule might be that when the serving antenna S/N <
threshold => sample alternate antenna every 10th symbol (1920 samples
25 per second). The sai_néle rate can be as high as one sample/symbol (19200
s8/s) or even higher. As discussed earlier, the benefit is of high sample
rates is that they can be averaged to reduce the per-sample variation.
In any event, with such a high sample rate available, the switch
diversity should be able to follow flat Rayleigh fading (worst case), even at
30 highway speeds. Thus a reasonably close approximation to optimum
switched diversity should be achieved. Typical worst case Doppler
frequencies should be less than 100 Hz (@ 75 MPH & 894 MHz, Doppler is -
75 x 0.894 x 1.49). At 1920 samples per second, there are 20 samples per
minimum fade period which is enough time to decide to switch to the
35 other antenna.




30" highway speeds. Thus a reasonably cl ose approximation to optinmum
switched diversity should be achi eved. Typical worst case Doppl er
*frequenci es should be less than 100 Hz (@75 MPH & 894 MHz, Doppler is 75 X
0.894 x 1.49). At 1920 sanples per second, there are 20 sanples per m ni num
fade period which is enough tine to deck%; to swwtch to the 35 other

ant enna. 32 It is relatively sinple get an estimate of the fade rate
fromthe data and to nake the sanple rate a direct functlon of the fade

rate. The sanple ng on the
fade rate. rrp Irt% 'erﬂgﬁ%lgh %%@Q ?Refg’g‘fl}]a%vg hie 5| aliegl%qﬁgﬂgtgrmch

hi gher speedéatamd o mkedmsam:dn matslmdnettttf@mcumtofrthe &@dtarataj drhe

di fference f %@n strates
a flowchart gggﬁﬂkur ﬁ}&éﬁgiaﬁﬁéﬁﬁtﬂﬁé#ﬂeﬁﬁ cﬂﬁéﬁ faalrdté 200 of
FIG 2. In pé&t€icular, the flowhart 600 provides 10 further detalls of
steps 20% 206, ZMQus,éthél aBilyab follewf ﬁ{éﬂﬁ?ﬂﬁl p@dks atmbtkehighéregsdvedisng t he

Fati o ol | o, thER 4 REN %ﬁ%w@éﬁ% 5 UE AUTKS DRIk HerRse (0l

sel ect ed anttaditictadtsedichetl divepsitys &&thmh 608, for exanple, the flow takes
th th di te f
Chehath, 01t RO AR o IO B8 e B

ant enna stat@fsﬂ@rﬂowgwtlzﬁoﬁﬂg 210n pagticular, the flavechash 60@ previdess needs
to sel ecipg befyags déiéﬂ’é*oﬁﬁb%?@g mtm%natﬁtzeéf thét oWwaRst 50%in FRG. 2nd 622,

for exanple, the_flow takes th thin line 623 between steps
622 and st epregading ecsorérolfsr%r-‘r%i?%e#@wc%eq@ Ged antenna; siale reSPONSIVE ce
fﬁl ect efl alnltﬁﬂﬂﬁ ﬁmtch/gQOfIfﬂﬁ{@)mﬁIét ri 1080rdyp meétﬂﬁmﬁéleé’tqfetwﬁbt nWep 622
e controlle ce e rs nt e e s n a in
the first se?%%‘&ﬁ@ e@oﬂtf% B%a{‘a&(ﬁ{ E%t%ﬂ%hﬁ‘ff& &ﬁg %8%nd
switch 120, paih llrﬂdecattd!d b§d dmteddﬁnﬂam batineenrstepsEi2rndstept20 of JIG. 8r 206,
the fir e hﬁwf'c? er?r?a t
conbi Inatsil oﬁskq%&ad%&ééhg% K?ez gﬂ%‘fgh&%p@}% ar esﬁ@&%&% |srtg?é%s ect ed
state excl udugedimsgteng &ﬂta@ﬁh?é 11&%@@@1&:@8@1@@@.@3@# befweem, t he
preferred enﬂﬁde %smtedtétﬁteﬁﬂ@a&@és at stepthaéosmdsm Moe @uempdé raepondi ng

to the sy rrboho t%‘f(es @ Ihni?ldticg?ecf %l &BSbe%w%eR steps 622 and step 202 of

FIG. 2. A bnef reference to FIG. 2 shows that three selected antenna states

20 are used in steps 205 and 206.

' At step 602, the controller places the first antenna 114 and the

second antenna 116 in the first selected state by configuring the first switch
118, the second switch 120, and the third switch 122. When representing
steps 205 or 206, the first selected state can be any of the three possible

25 antenna combinations. Further, when steps 210 or 212 are used, the first
selected state excludes placing antenna 114 and antenna 116 in parallel. In
the preferred embodiment, the changes are made at the chip edge
corresponding to the symbol edge. Changing the selected state of the
antennas at a chip edge is discussed hereinabove with reference to FIG.

30 310.

At step 604, the demodulator 128 determines the ratio of Ec/Io from
its rake fingers. Referring briefly to FIG. 1, Ec/Io is provided at line 142 for
each of the rake fingers.

At step 606, the determination is made whether any of the ratios

35 Ec/lo is above a predetermined threshold which is set to maintain a
desired maximum frame error rate (FER). In the preferred embodiment,
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ant'ennas at a chip edge is discussed hereinabove with reference to FIG 3.
30 At step 604, the denodul ator 128 determnes the ratio of Ec/lo
“fromits rake fingers. Referring briefly to FIG 1, Ec/lo is provided at
line 142 for each of the rake fingers. At step 606, the determnation is
made whet her any of the ratios Ec/lo irsé%bove a predeterm ned threshol d
which is set to maintain a 35 desired mum frame error rate (FER). In
the preferred enbodi ment, 33 the maxi mum FER i s 1% and t he predet erm ned
threshold is roxi mat - dB. w_E 0 _i.nfqraati.on,i.s avail able after
every synbolmﬁe‘ﬁ%ﬁx.‘uﬂ ﬁhﬁésé@’m P’Eﬁ%(eéﬁ ﬁtgg l}ogd 5S|t|ve t hen, at
step 607, t heprroximetely 614 dB. I¥éwrkd o dnfosrationt 1sra;1allab1eeaﬁher évietyand t he
second ante jhe first selected state. Fromstep 607, the flow
ppeihedod

returns to s rein the ratio Ec/lo is again determ ned fromthe
rake fingers of t Hdhe sletermination gb stepréfsis positive, theneat sept6d7othe he

71 1 IO men e Sk A1 nas s i
step 606 is é‘&[éﬂ?gse]lﬁﬂgﬁ S% gf{reﬁ‘ #6B, é&hé‘%@ﬂ‘ﬁ'ﬁ#‘l‘ w%g;é@lt he first
antenna 114 whdréﬂ&hedaﬁatlﬁﬂmolﬂi ihadétbrmireclofrons theerdledfingers ofthe

cui o 122, YBRSbIAbe Itk Thybfh éﬁéﬁég%?ﬂ%%%r@%é‘?as @E‘ir%@%gi B oo

state can betherfjrsbselettedstatear lktherratios Ec/bndropbelovs thed when st eps
210 or 24 alg dé'i@ﬁ‘mr{e'ae lﬁ‘%ﬁR sel ected state excludes placing antenna 114
and antenna 11

6 II} ar n the preferred enpbodi nent, the changes are
made at the chip &5@ rmeaeﬁamg%%as negatiie, dam at slemedS dhehe

selt ﬁct e]gi st aécﬁmt?élléﬂ“@\ eﬂnesltrat azgtfgha 112 Gad ste%oﬁa antdnﬁ@llig%i ther ei na?ﬁvé
W rererence st e e .contr al n er n nes e
N o8 el T osephfl select Eﬁf@’@r’xge 8iting 1hS HESC e 118 08 et Sy

step 612, a 126, curudl et thinal smtnthZV\hW&iearrepteslenhngsmepsZﬂﬁonzmﬁ;lthe i s above

h
tst eppgg whe - o #M&é&]giaq? C%%Q a@ffopﬁ-{ rm ngg sfihreéxﬁtévﬁél 2 approxr mta?el y
-14 dB. |f tmda@tmmpaﬂﬁnraﬂgrepsmzhege@m‘si selected state exaludesep 614,

the placing antenna 114 and antenna 116 in parallel. In the preferred
embodiment, the changes are made at the chip edge corresponding to the
symbol edge. Changing the selected state of the antennas at a chip edge is
20  discussed hereinabove with reference to FIG. 310.
At step 610, the controller again determines the ratios Ec/Io from
the rake fingers of the receiver 126 as in step 604.
At step 612, a determination is made whether at least one ratio Ec/Io
is above the predetermined threshold. Step 612 performs a similar
25 function to step 606 wherein, for exhritple, the predetermined threshold is
approximately -14 dB.
If the determination at step 612 is positive, then, at step 614, the
controller 108 keeps the first antenna 114 and the second antenna 116 in
the second selected state. The flow from step 614 then returns to step 610
30 wherein the controller again determines the ratio of Ec/Io from the rake
fingers of the demodulator 128. Thus, the selected state of the antennas
will remain in the second selected state until all the ratios Ec/Io drop
below the predetermined threshold.

35 e
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controller 108 keeps the first antenna 114 and the second antenna 116 in
the second selected state. The flow fromstep 614 then returns to step 610
30 wherein the controller again deternines the ratio of Ec/lo fromthe
rake fingers of the denodul ator 128. Thus, the selected state of the
antennas will remain in the second selegﬁﬁd state until all the ratios
Ec/1o drop below the predeterm ned thre ld. 35 34 | f the determ nation
at step 612 is negative, then the flow returns to step 202 of FIG 2 via

el ects between o ERECaBPatl a7 615 fo ABRAATE sne Tof Ahp Renthe 10°,
steps 210 anstep29?2 Qf FIG. 2 via path 615 wieoprorily dwomel e,qtects@pem desinedgat i ve,
then the fl Oﬂa@%ﬁ&Bﬂ@?}ﬁ@ﬁé&?@ b@%@e&@%ﬂ% Pﬁﬁfs@l& tﬁ flSwkRadte! veen

t hree sel ect sfta es 0 rsi_anten 114 "an e seco ant enna 116.
In the flowcH¥} 25t spaps 21 ar!dn%ueontrol | er 108 sel ects between three

Z el ected g_gat ﬁs off &Bﬂ?@ﬁﬁ%gﬁnléﬂst (512]1§n% aﬁﬁ@ﬂheﬁ%eéﬂb*v%@gmnﬁt@s q
oD e e Shbend o 0000 Uil besheal MRSk AN L1 secon
t he second sthid fitst hatenrentil4 ied the seconwl anfenhd 216\Winrthe dlovechart Bﬁ@ o£t eps
ant enna. conoh I v CoRfofEl 8 §%1§¢t?e%wﬁ%‘? R sPleckL ot 05! e 15
third sel ect antesnas 414 sndddé a&tstetprséZOE 2A6ge corresponding to the synbol
S?ggussegp%;pgl ;h%ééglgmG%ﬁﬁ}%%@&% %dw miﬁtt?t%g 1T4jgﬁcﬁll(pﬁler ol l er
agai n det er nPeRORG; HenRR | 146 Eéﬁltglrﬁr Sﬁi‘f’(gﬁ &\?eéﬁ'&ﬁWA 128
as in steps 61181 thedebdrit switch 120, andtthé ithird GAGiteh n!m eWhdit represéritingde
et et 1 L 8o e e Bl SR AN T S B e o
steps 606 andnﬁmha ¢ombinatioas e dni thetpreferned emdhpdiaent stheodiangedo theen, at
o L SIS i W R B e
step 621 backdge Shapghgsthprelectedstagenf thy antenngmata ghipedgaiss the ratio
of Ec/lo frodidci8sdPhéreindbiiRieSwith 1besreeld & FIGI3H.
At step 618 the controller again determines the ratio Ec/Io from the
rake fingers of demodulator 128 as in steps 604 and 610.
20 At step 620 a determination is made whether the ratio of Ec/Io is
above the predetermined threshold. The determination at step 620 is
similar to the determinations already made at steps 606 and 612.
If the determination at step 620 is positive, then, at step 621, the
controller 108 keeps the first antenna 114 and the second antenna 116 in
25 the third selected state. The flow then continues from step 621 back to step
616 where the controller again determines the ratio of Ec/Io from the rake
fingers of demodulator 128.
If the determination at step 620 is negative, then, at step 622, the
controller changes the first antenna 114 and the second antenna 116 to the
30 first selected state. In the preferred embodiment, the change occurs at the
chip edge corresponding to the symbol edge. Changing the selected state of
the antennas at a chip edge is discussed hereinabove with reference to FIG.
310. The flow continues from step 622 to step 202 of FIG. 2.
The second general embodiment, described with reference to FIGs.
35 1-6 and the following FIG. 7, describes a method for controlling a diversity
receiver apparatus in a radio subscriber unit. The radio subscriber unit
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| f the determ nation at step 620 is negative, then, at step 622, the
controller changes the first antenna 114 and the second antenna 116 to the
*30 first selected state. In the preferred enbodi ment, the change occurs at
the chip edge corresponding to the synbol edge. Changing the selected state
of the antennas at a chip edge is di scus§§d her ei nabove with reference to
FIG 3. The flow continues fromstep 62 o step 202 of FIG 2. The second
general enbodinent, described with reference to FIGs. 35 1-6 and the
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20 The selection diversity receiver apparatus 704 generally includes the
first antenna 114, the second antenna 116, and first receiver 126 (each
shown in FIG. 1) as well as a second receiver 706 and a switch 708. The
second receiver 706 generally includes the same elements as the first -
receiver 126, as shown in FIG. 1. The second receiver 706 produces a

25 demodulated signal at line 714, and a RSSI at line 716, an JRSSI at line 718,
and a ratio Ec/Io at line 720. The operation of the second receiver 706 is
the same as the operation of the first receiver 126, as described in FIG. 1.
Therefore, no additional explanation is given here.

In addition to the signals received from receiver 126, the controller

30 108 receives the RSSI at line 716, the JRSSI at line 718, and the ratio Ec/Io
at line 720. The switch receives at a first terminal the demodulated signal
(Dx) at line 140 from the first receiver 126 and at a second input terminal
the demodulated signal (Dx) at line 714 from the second receiver 706. The
switch 708 also receives a control signal at line 722 from the controller 108.

35 The control signal 722 controls whether the demodulated signal at line 140
from the first receiver 126 or the demodulated signal at line 714 from the




and a ratio Ec/lo at line 720. The operation of the second receiver 706 is
‘the sane as the operation of the first receiver 126, as described in FIG
1. Therefore, no additional explanation is given here. In addition to the
signals received fromreceiver 126, the controller 30 108 receives the
RSSI at line 716, the [err]RSSI at |ine 718, and the ratio Ec/lo at |ine
720. The switch receives at a first termtal the denodul ated si gnal (Dx) at
line 140 fromthe first receiver 126 and at a second input term nal the
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al so neasures secon - I'ine 716 _of the conposite RF signal 156
responsi ve to recNext fhetaneration of the sadiossubseriber unih 702 nepporaivedRi t e RF

the [RSSI is described. The controller measures a first RSSI at line 138 of
.20  the composite RF signal 156 responsive to receiving the first
representation 158 of the composite RF signal 156. The controller also
measures a second RSSI at line 716 of the composite RF signal 156
responsive to receiving the second representation 160 of the composite RF
- signal 156. The integrator 130 of the first receiver 126 integrates the first
25  RSSI of the composite RF signal 156 over a plurality of the chips to
produce a first [RSSI of the composite RF signal 156. The integrator 712 of
the second receiver 706 integrates the second RSSI of the composite RF
signal 156 over a plurality of the chips to produce a second JRSSI at line
718 of the composite RF signal 156. The controller 108 selects either the
30 first demodulated signal at line 140 or the second demodulated signal at
line 714 responsive to at least one of the first [RSSI at line 144 of the
composite RF signal 156 and the second JRSSI at line 718 of the composite
RF signal 156.
The third general embodiment, now described with reference to
35 FIGs. 8-11, describes another method for controlling a diversity receiver
apparatus in a radio subscriber unit. The diversity receiver receives either




signal 156. The integrator 130 of the first receiver 126 integrates the
first 25 RSSI of the conposite RF signal 156 over a plurality of the chips
"to produce a first [err]RSSI of the conposite RF signal 156. The integrator
712 of the second receiver 706 integrates the second RSSI of the conposite
RF signal 156 over a plurality of the c%bps to produce a second [err] RSSI

at line 718 of the conposite RF signal 6. The controller 108 selects
either the 30 first denodul ated signal at |line 140 or the second
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| nformation

1 20 gexerally descrlbed with referenge to Table 2, shown below. 2 F| G 9
2 1 FIG 10 2 2
Radio Unit Received Information Sets Alggfimmg
Prior art 1 1
20 FIG. 8 1 2
FIG. 9 2 1
FIG. 10 2 2
Table 2
25

The radio subscriber unit of the prior art, as shown in Table 1, uses
only one diversity algorithm operating responsive to only one received
information set. Typically, the only one received information set is an
estimate of the received signal strength indication (RSSI). Typically, the

30 only one diversity algorithm is used to control a diversity receiver
apparatus embodied within a radio subscriber unit adapted to receive a RF
signal modulated by an analog modulation method.

The radio subscriber unit of FIG. 8, as shown in Table 1, uses two or
more diversity algorithms responsive to only one received information

35 set. The radio subscriber unit of FIG. 9, as shown in Table 1, uses only one
diversity algorithm responsive to two or more received information sets.



Table 2 25 The radi o subscriber unit of the prior art, as shown in Table 1,
‘uses only one diversity algorithmoperating responsive to only one received
“information set. Typically, the only one received infornmation set is an
estimate of the received signal strength indication (RSSI). Typically, the
30 only one diversity algorithmis used to control a diversity receiver
apparatus enbodied within a radio subscrd®er unit adapted to receive a RF
si gnal nodul ated by an anal og nodul ati on net hod. The radi o subscriber unit

of FIG 8, sho iR Taple 1 or, nore diversit | gorit hns
esponsive ¢ TheAraosbsraber vl o HG Mirpciolh fadabi T ssta il B e
unit of Fl G diversity algomithims fesplonsive toseso onlmormeecdivest Hifopmatignrsetsym
responsi ve t&sb\g&figéynore received information sets. 38 The radio
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subscri ber uni G. 10, as shown_ in Table 1, uses two or nore diversity
al gorithnms responBiGe Hlustiadesor blask«dingram oéa radiosysiemd30lsiacluding a

| heludi ng o DUfd, Embodient b & 8GR lbet uhit S0, e rd 10 i 000 i 0
syst em 800 gs%rafwnémﬁﬁa radie subastiber it Bigea firstihasg 68HOR i r st base
station trantrafseetver®bi, antdth seconddsubelstattors trahseivér 806:cei ver 806. The
LSt ng o fret modiPREROnOMe TBHoR sErstryek 804 ERBE g Feives RR ° °0°
transcei ver sigalsr8i8susing aafist meodilationfhetiogh80s The secintybasesstation
modul at i.pf ”ﬁ’aﬂ?&i@éﬁSOéT{}tﬁnéﬁ%gmﬂ#&ENeQ‘i{ﬁ %ighglfﬁé)l%aﬂﬁggraaéécﬁnunc' udes a

di versity recelver apparatus , a contro rinterface unit
816, and a tmodiationmethad 898 The diversi ty recei ver apparatus 812

general Iy incl udeyha rhlliccubseribeh uRiv 8o erdlly trclides Al di0BRI R ceiliae
Cecond i ver SPGB sl aplses intevass unlkSledang 4 RRoeRvest un
802 is now desitr818e dThel divedsity redeiver appairaires 8i2ngarerally fdudes aifirss one of
i gnel obg " TR 20 3 sebdfl SRiohet e Jngl\ine il M1A, rRESY nRES "
si gnal 808 nfigst diversityyalgorithe: 83 anta senondediversityoalganithmn830.f eri ng
signal's 864. The §REQHération of the radio subscriber unit 802 is now described. The
diversity receiver apparatus 812 receives one of a first composite radio
: frequency (RF) signal 866 and a second composite RF signal 868. The first
20 composite RF signal 866 includes a desired RF signal 808 modulated by a
first modulation method 805 and interfering signals 864. The second
composite RF signal 868 includes a desired RF signal 810 modulated by a
second modulation method 806 and interfering signals 864. The controller
814 controls the diversity receiver apparatus 812 responsive to a first
25 diversity algorithm 834 when the diversity receiver apparatus 812 receives
the first RF signal 808 modulated by the first modulation method 805, and
a second diversity algorithm 836 when the diversity receiver apparatus 812
receives the second RF signal 810 modulated by the second modulation
method 807. The controller 814 controls the diversity receiver apparatus
30 812 via one or more control signal lines 842.
In the preferred embodiment, the diversity receiver apparatus 812
produces a first received information set 835 responsive to receiving the
first RF signal 808 modulated by the first modulation method 805, and a
second received information set 837, different from the first received
35 information set 835, responsive to receiving the second RF signal 810
modulated by the second modulation method 807. The first diversity




conposite RF signal 868 includes a desired RF signal 810 nodul ated by a
second nodul ati on nethod 806 and interfering signals 864. The controller
814 controls the diversity receiver apparatus 812 responsive to a first 25
diversity algorithm 834 when the diversity receiver apparatus 812 receives
the first RF signal 808 nodul ated by the first nodul ati on nethod 805, and a
second diversity algorithm 836 when tkmaQﬁversity recei ver apparatus 812
recei ves the second RF signal 810 nodul ated by the second nodul ati on net hod

807. The contyol) 4 controls the, dive receiveg ar.at us 812
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algorithm 836 may operate responsive to a RSSL. This example may be
implemented in a dual mode radio subscnber unit capable of operating in
20 both an AMPS radio system and a GSM radio system. Therefore, the
diversity algorithm is changed responsive to radio system type while
using the RSSI to optimize the control of the diversity receiver apparatus
operating in different radio systems. :
The controller 814 determines whether the radio subscriber unit 802
25  is configured to receive the first RF signal 808 modulated by the first
modulation method 805, or the second RF signal 810 modulated by the
second modulation method 807 based on a predetermined system
selection algorithm or by responding to an input from the user of the
radio subscriber unit 802.
30 In the preferred embodiment, the diversity receiver apparatus 812 is
a switched antenna diversity receiver apparatus 106, as shown in solid
lines. A switched antenna diversity receiver 106 apparatus is generally
described in the background of the invention of the present disclosure and
is shown in FIG. 1, for example. Alternatively, the diversity receiver
35 apparatus 812 may be a selection diversity receiver apparatus 704. A
selection diversity receiver apparatus 704 is generally described in the




20" both an AMPS radio systemand a GSMradi o system Therefore, the
diversity algorithmis changed responsive to radio systemtype while using
“the RSSI to optimze the control of the diversity receiver apparatus
operating in different radio systens. The controller 814 determ nes whet her
the radi o subscriber unit 802 25 1is configured to receive the first RF
signal 808 nodul ated by the first nodul #Q on nethod 805, or the second RF
signal 810 nodul ated by the second nodul ati on nmet hod 807 based on a
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second digital modulation method, different from the first digital
modulation method. Again, by example, the first digital modulation
20 method 805 may be a first analog modulation method and the second
modulation method 807 may be a second analog modulation method,
different from the first analog modulation method.
The digital modulation methods may include, for example, Code
Division Multiple Access (CDMA) modulation methods, Time Division
25 Multiple Access (TDMA) modulation methods, Extended- Time Division
Multiple Access (E-TDMA) modulation methods, and Global System for
Mobile Communications (GSM) modulation methods. The analog
modulation method may include, for example, Advanced Mobile Phone
System (AMPS) modulation methods, Narrowband Advanced Mobile
30 Phone System (NAMPS), Total Access Communications System (TACS) |
modulation methods, and Extended Total Access Communications
System (E-TACS) modulation methods.
In the preferred embodiment, the first modulation method 805 is a
digital modulation method, and, in particular, a CDMA modulation
35 method. In the preferred embodiment, the second modulation method



second digital nodul ation method, different fromthe first digital

nodul ati on nmet hod. Again, by exanple, the first digital nodulation 20

nmet hod 805 nay be a first anal og nodul ati on net hod and t he second

nodul ati on net hod 807 nay be a second anal og nodul ati on net hod, different
fromthe first anal og nodul ati on nethod., The digital nodul ati on net hods may
include, for exanple, Code Division Mi t‘“pl e Access (CDVA) nodul ation
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modulation method in a first radio system. When the second RF signal is
modulated by the second RF signal, the same one diversity algorithm may

20 have only a minimal improvement on the reception of the second RF
signal or may even potentially harm the reception of the second RF signal.
Under these circumstances, the same one diversity algorithm may simply
not be compatible between modulation methods. Alternatively, a prior art
radio subscriber unit may compromise the performance of the one

25  diversity algorithm when one of the first and the second RF signals are
received in order to work adequately with both the first and the second
modulation methods, respectively. The present invention does not harm
the RF signal received and does not need to make these compromises.

The first diversity algorithm 834 and the second diversity algorithm

30 836 may each be well known in the art. In the preferred embodiment, the
first diversity algorithm 834 is a unique CDMA diversity algorithm and is
described in the present application with reference to FIGs. 1-7. FIGs. 1-7
describe a diversity algorithm for controlling a diversity receiver apparatus
receiving a RF signal modulated by a CDMA modulation method. In the

35 preferred embodiment, the second diversity algorithm 836 is a
conventional diversity algorithm used for an AMPS modulation method.




diversity algorithmwhen the first RF signal is nodulated by the first
nodul ation method in a first radio system Wen the second RF signal is
“nodul ated by the second RF signal, the sane one diversity algorithmnay 20
have only a mnimal inprovenent on the reception of the second RF signal or
may even potentially harmthe reception of the second RF signal. Under

t hese circunstances, the sane one di vers‘my al gorithm nmay sinply not be
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ant enna di ver Ity recerver_apparatus rece econ signal 810
modul at ed by S¢lgefedfapdg lﬁﬁhmradl%wa#@mr@@ ghherefore, the lversﬂy receiver

apparatus 812 also has dual-mode capability to offer improved receiver
20 performance in dual radio systems.

FIG. 9 illustrates a block diagram of a radio system including a
fourth embodiment of a radio subscriber unit 902 as an alternative
embodiment to the third embodiment of the radio subscriber unit 802 of
FIG. 8. All common elements between FIG. 8 and FIG. 9 are labeled with

25 the same reference numbers and no further description will be given for
* those same reference numbers. _

The diversity receiver apparatus 812 produces a first received
information set 835 responsive to receiving the first RF signal 808
modulated by the first modulation method 805, and the second received

30 information set 837, different from the first received information set 835,
responsive to receiving the second RF signal 810 modulated by the second
modulation method 807. The controller 814 controls the diversity receiver
apparatus 812 responsive to one of the first received information set 835
and the second received information set 837.




15~ Thus, the radi o subscriber unit 802 not only adapts its operation
to the dual -node characteristics of the radio system 800, but al so adapts

_—

its operation to control the diversity receiver apparatus 812 according to
the selected node in the radio system 800. Therefore, the diversity

recei ver apparatus 812 al so has dual - nodg, capabil.ity to offer inproved
receiver 20 performance in dual radio systens. FIG 9 illustrates a bl ock
di agram of a radio systemincluding a fourth enbodi nent of a radio
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operating regpafdlay/thel diveisitypteceRRridppakatiBaespeikive to thejualityef a5, and
_t he second information in the received information set. For example, the quality of
the information may be defined as the magnitude of the ratio of Ec/Io or
20 the RSSL Typically, a higher magnitude of the ratio of Ec/Io or a higher
value of RSSI is indicative of higher quality.
As with the third embodiment of the radio subscriber unit shown
in FIG. 8, the first modulation method 805 and the second modulation
method 807 may each be either a digital modulation method or an analog
25 modulation method. Further, the first modulation method 805 and the
second modulation method 807 may each be different digital modulation
methods or different analog modulation methods.
Also, as with the third embodiment of the radio subscriber unit
shown in FIG. 8, the diversity receiver apparatus is preferably a switched
30 antenna diversity receiver apparatus 106. However, the diversity receiver
apparatus may also be a selection diversity receiver apparatus 704 or a
maximal ratio combining diversity receiver apparatus 844.
In summary of a preferred embodiment of the fourth embodiment
of the radio subscriber unit 902 of FIG. 9, the radio subscriber unit 902 is a
35 radiotelephone subscriber unit. The radiotelephone subscriber unit
comprises the switched antenna diversity receiver apparatus 106 and the




recei ved information set 837. By exanple, the first received information 15
set 835 includes a ratio of Ec/lo and the second received information set
837 includes RSSI. By the sanme exanple, the diversity algorithm 834
controls the diversity receiver apparatus responsive to the quality of the
information in the received information set. For exanple, the quality of
the informati on may be defined as the nﬁéﬁitude of the ratio of Ec/lo or 20
the RSSL Typically, a higher magnitude of the ratio of Ec/l1o or a higher

val ue of RSS at nbodi ment
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| RF s1gnal 808 modulated by a first modulation method 805, and a second
20 received information set 837, different from the first received information
set 835, responsive to receiving a second RF signal 810 modulated by a
second modulation method 807. The controller 814 controls the diversity
receiver apparatus 812 responsive to a first diversity algorithm 834
operating responsive to the first received information set 835, and a
25 second diversity algorithm 836 operating responsive to the second "
received information set 837. _
As with the third embodiment of the radio subscriber unit 802,
shown in FIG. 8 and the fourth embodiment of the radio subscriber unit
902, shown in FIG. 9, the first modulation method 805 and the second
30 modulation method 807 may each be either a digital modulation method
or an analog modulation method. Further, the first modulation method
805 and the second modulation method 807 may each be different digital
modulation methods or different analog modulation methods.
Also, as with the third embodiment of the radio subscriber unit 802,
35 shown in FIG. 8 and the fourth embodiment of the radio subscriber unit
902, shown in FIG. 9, the diversity receiver apparatus 812 is preferably a



tothe third 802 and fourth 902 enbodi ments of the radio subscriber unit of
FIG. 8 and 9. All common el enents between FIGs. 8, 9 and 10 are | abel ed
"with the same reference nunbers and no further description will be given 15
for those sane reference nunbers. The radi o subscriber unit 1002 conpri ses
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sixth embodlment of a rad1o subscrlber unit 1102 incorporating the first

20 embodiment of the radio subscriber unit 102 of FIG. 1 and the third
embodiment of the radio subscriber unit 802 of FIG. 8. All common
elements between FIGs. 1, 8 and 11 are labeled with the same reference
numbers and no further description will be given for those same reference
numbers.

25 In the sixth embodiment, the radio subscriber unit 1102 is a dual
mode cellular radiotelephone subscriber unit. The dual mode cellular
radiotelephone subscriber unit 1102 receives one of a first composite radio
frequency (RF) signal 866 and a second composite RF signal 868. The first
composite RF signal 866 includes a desired RF signal 808 and interfering

30 signals 864. The desired RF signal 808 is a direct sequence spread spectrum
(DSSS) signal. The DSSS signal includes at least one coded pilot signal
(Ec). The second composite RF signal 868 includes a desired RF signal 810
and interfering signals 864.

The dual mode cellular radiotelephone subscriber unit 1102

35 comprises a switched antenna diversity receiver apparatus 106 and a

controller 108. The switched antenna diversity receiver apparatus 106

D)




10 first RF signal 808 nodul ated by the digital nodul ation nethod 805, and
the second received information set 837, different fromthe first received
“informati on set 835, responsive to receiving the second RF signal 810

nodul at ed by an anal og nodul ati on nmet hod 807. The controller 814 controls
the switched antenna diversity receiver ‘féparat us 106 responsive 15 to the
first diversity algorithm 834 operating sponsive to the first received

i nformation set 835, and the second diversity al gorlthm 836 operating
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The first diversity algorithm 834 controls the switched antenna
20 diversity receiver apparatus 106 via the first 146, second 148 and third 150
control lines. The second diversity algorithm 834 controls the switched
antenna diversity recejver apparatus 106 via the first 146 and the second

148 control lines.

25 What is claimed is:



di versity receiver apparatus 106 al so produces a second received

I nformation set (RSSI 138), different fromthe first received information
10 set ([err]RSSI 144 and Ec/lo 142), responsive to receiving the second RF
signal 868 including the desired RF signal 810 nodul at ed by an anal og

nodul ati on net hod 807. The second received information se iRSSI 138)

conprises an estimate of a received sigfd strength indic U"IH{"I'HH,IMII

second RF signal (RSSI) 138. The controller 108 controls
antenna diversity receiver apparatus 106 .responsive to a fi rst divérsf Pty
al gorithm 834 operating responsive to rst received information set
([err] RSSI 144 and Ec/lo 142), and a second diversity algorithm 836
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ne

coded pilot SgALhe SF ﬂE‘ Watom? ceiving at [‘east one of the first
representation of stletivelypaniglingRfo #iegreeiverpre: fvier tot thendeeeivedand t he
second r $re§f ft&g f)f the conposite RF signal fromthe second antenna;
and a coftroPl&®RY eL18 ed to the receiver, for selectively coupling to the
20 receiver, responsmiéyttbmfi!&t antehpast one coded pilot signal, one of:

only the second antenna; and

both the first antenna and the second antenna.

20 2. A method of operating a radio subscriber unit according to claim 1
further comprising the steps of:
selectively coupling, by a first switch, the first antenna to the
‘receiver responsive to a first control signal; and
selectively coupling, by a second switch, the second antenna to the
25 receiver responsive to a second control signal;
generating the first control signal and the second control signal
responsive to the received signal for controlling the first switch and the
second switch to selectively couple to the receiver one of:
only the first antenna;
30 only the second antenna; and
both the first antenna and the second antenna.
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onl'y the first antenna; only the second antenna,—and both the first antenna
and the second antenna. 25 2. A net hod of o subscri ber
“unit having the switched antenna diversity appar H' '!E!ﬂ&ﬂﬂ? ed by the
steps of: receiving, by the first antenna, the fikS c on of the
conposite radio frequency (RF) signal; (rﬂeéel ving, by the second antenna,

c

the second representation of the 30 osite RF signal; generating, by
the receiver, the received signal, including at |east one coded pil ot

signal (Ec), resp I’lSI recei.ving at. | east .one of the first ..
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responsi ve to P ‘fcetlt}e{gs e%ﬁ&%& r'(|oz)lult'éafi‘e’ﬁ"ggnal n§¥of only the fi rst
antenna; only theS%bCﬁb y soupling: toathe teseiverresponsive dattherrgceivedt he second

antenna. g Q%n%l on e@fmet hod of operating a radio subscriber unit
according to

i'm 2 fur haracterize the steps of: 5
sel ectively coupling, [Yaﬁfelf ag\kﬁman&rrg fl??ih antenna to the receiver
responsive to a first @ﬁl’}t tied sedopdadritennal andl thetload;l wndoupl i ng, by a second
swtch, the second ant %nﬂ?gtfogltg receiver tﬁﬂ.gnsoons ve,to a second control

signal; generating t heP arrgengeaﬁ\gl aacgrn %@H}m control signal

10 responsive to the received signal for controlling the first swtch and
the secopg switch, frf‘eER

subscri be?i u\r%l:t aéof:o ﬁ‘gt"%f rahnfﬁgraﬂi?régsgfiﬁgggnﬂ%ﬁ*dlﬂg t@ idith 9: t he
radi o subscri ber qué bothgthefirst gniennacand éthﬁ&ndnp&mc and

the step of %@m@&eeewef foR Wbbéried 'of tirhe b@ﬁﬁ@ls&ﬂchv&l@ﬁ&ﬁfﬁmgeeﬁﬁeﬂ bl

| east one co i| ot 5| aI one of.: aqnl fi rst ntenna a d t he
?ﬁe flgst antennd 1o thsz rezewer or only 81 glecon

| oad; antenna to the
receiver.
15
5. A method of operating a radio subscriber unit according to claim 1:
wherein the desired RF signal is a spread spectrum signal;
wherein the desired RF signal includes at least one coded pilot
signal; and
20 wherein the step of selectively coupling selectively couples to the
receiver, responsive to the at least one coded pilot signal, one of:
only the first antenna;
only the second antenna; and
both the first antenna and the second antenna.
25 _

6. - A method of operating a radio subscriber unit according to claim 1
‘wherein the desired RF signal includes at least one coded pilot signal, the
method further comprising the steps of:
determining at least one ratio of the at least one coded pilot signal to
30 an estimate of the composite RF signal responsive to the received signal;
and
selectively coupling to the receiver, responsive to the at least one
ratio, one of: |
only the first antenna;
35 only the second antenna; and
both the first antenna and the second antenna.
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20 only the second antenna and the | oad; and both the first
antenna and the second antenna. 5. A nethod of operating a radio
subscri ber uni-t—according to claim?2 further characterized by the step of:

25 sel \ iy both the first antenna and the second
antenna to the Imummimﬁuﬂﬂl Eri od of tine before selectively coupling
either only the %1 rest Lankensia the rec8Pver or onl y the second antenna to
the receiver. 6. A nmet hod of operating a radi o subscriber unit according
to claim2 30 further characterized bythe step of: determ ning at | east

one ratio (Ec/l10) of the at |east one coded pilot signal (Ec) to an
estimate of the cohmathod dffoperatiag a(dadjo sebsoriber wnit acdobdingetoedlai 1si gnal ;

and wherein ' ' t el ' esponsi ve
(o 35 the gneiehEhetelited R sphy SANRATKE lodor Ife AERNUE WHarBRP2 7107
subscri ber uithe ahdeast @ngglate signal includesr plurality of sequentiaksymbplsl i ncl udes
Bl ural 1ty of e iog Hata W16 Wiirtifedth SO pIRARIGMetLERGA yytibUes
wherei n each %ﬁ%ﬁ@d intg g ﬂ?i‘ﬁ?lgy i qf&“&? B%H{s’%ﬁﬁlfsﬁ ‘élb‘%(ﬂs@ %M‘F’%

di vided into campnisaltihb)stq?]s of: me per;ods call ed chips (Table 1), thedrret hod
further characteri e _st.e of : 5 1 s qdregsuri a cei ve

signal strength i r{ﬁ?%sé,ﬁ‘lyr}%aqﬁéélggé sbgnqlﬁgreg&%dgﬁi{cgﬁﬂ& (Bgspa?{ sponsive to
the recei ved comprsite BRsignalagsponsive to ¢heesieivdd signatonposi te RF si gnal

over a phgrality e i _ t

conposi thRF I g g'lﬁt Etéili -itﬁéﬁ]s_gl?? g%&g‘ﬁn@gsietgt@g_ 32_8?@19:“%{‘?%&?%
recei ver is fthe si}bpmg!fﬁmswggna&ed RSSI of the semposibsRF signal; andret hod
of operating a radelectiveBEeoWsling! i the e6Rivtr) desporsividl 18 theitégiated he
desired RF si | includes at | east one data signal, wherein the at |east
one data sig i f8U8es a plurality of sequential synbols (Table 1) 15
representing data, wheraily thadirsbéntdmmapl ural ity of sequential synbols
(Table 1ygis divided i I ' {i peri ods called chips (Table
1), the )r%gt hod further%gﬁg?‘ggtsgé%%éxbe%&?heﬁc% ep of: changing a selectively
coupl ed state between theghfthe firshantemna andhthesseaond amtesnaa and t he
receiver at an edge of a chip.

W

8. A method of operating a radio subscriber unit according to claim 1
wherein the desired RF signal includes at least one data signal, wherein

20 the at least one data signal includes a plurality of sequential symbols
representing data, wherein each of the plurality of sequential symbols is
divided into a plurality of time periods called chips, the method further
comprising the step of:

changing a selectively coupled state between the first antenna, the
25 second antenna and the receiver at an edge of a chip.

9. A method of operating a radio subscriber unit according to claim 8
wherein the edge of the chip corresponds to an edge of a symbol.
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2079. A nmet hod of operating a radi o subscriber unit accordi ng to claim8
characterized in that the edge of the chip corresponds to _an €

synbol . 10. A nmet hod of operating a radi o subscriber u m’mmnum
claim2 25 wherein the desired RF signal includes at m’
signal and at |east one coded pilot signal (Ec), wherei n the at' | dast® ofe

data signal includes a plurality of seq tial symbols (Table 1)
representing data, and wherein each of the plurality of sequential synbols

Table 1) i t I I d h Tabl
) “the et i 1k Mo of sheth e g raflo et WG Rg B R Lg” ©
whet her or nwlhetémthesdesﬂddlmfsn gnabincdudes sinleast dne datai sighalsanidet leasposi t e

RE signal; WagD chied iaﬂ@?%gx{é‘(l),%ﬁefétﬁ%gﬁe%@??ﬁ@ﬁaﬁp s%#\?ﬂﬁlcl Q& MO

substantlally dom na e's ep of : 35
det ermi ni ng plurab’aso aem:ermaﬂa yibols zgprssenm atal, eadthﬂ@msa O§|th©t

signal (Es) f;Hn‘ﬂ k ﬁl s?ﬁﬁ)o“é)ﬁﬁﬂ%id&i ﬁﬁosd g g@ﬁéﬂé’ eto
t he recelved pling t
and 50 when it

el

r|n st se) ectlve
receiver is F ﬂg)ni{uqtggggoraggspgﬂ@ “(tEE? O
i s determ ned that.leitelmrmf nigtg whetlRir @ﬂﬂaifhed@ésiredet@gﬁaladdb,staiﬁmllyat e the
corrp05| te RF I 5 measuring a
recei ved si gﬂé?g@%ggﬁ;ﬁ?ﬁ%%s&%tﬁgﬁ?ﬁg&) of the conposite RF signal
responsi ve to t hewhencit iedetargrined thait therdesined REsigz@didoes ndte conposite RF
signal o grated
RSSI of ¥‘Ee g%wrrg]g(b)&é%le}; glgﬁ{mh ’f}fehéd}gp é%?@k@' s@nﬁl‘b&!’f&%ﬂ&ﬁe%m n tﬁe step of
sel ectively coupling téeﬁeﬁ@m’é\%@t\ﬂé?s" qne ratigeftheat leastoneegdedpilat | east

one ratio (Esjghal td4R)estindts dfithe *BHRdRiteRISkighal raspoBRROD Hife fcefvednal .
11. A radio, su?scraber unit conprising: a first antenna for receiving a

first represS&ar of a conposite
selectively coupling to the receiver responsive to the at least

15 one ratio one of:
only the first antenna;
only the second antenna; and
both the first antenna and the second antenna; and
when it is determined that the desired RF signal does substantially
20 dominate the composite RF signal perform the steps of:
measuring a received signal strength indication (RSSI) of the
composite RF signal responsive to the received signal;
integrating the RSSI of the composite RF signal over a
. plurality of the chips to produce an integrated RSSI of the composite RF
25 signal; and
selectively coupling to the receiver, responsive to either the
at least one ratio or the integrated RSSI of the composite RF signal, one of:
only the first antenna;
only the second antenna; and
30 both the first antenna and the second antenna.
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radio frequency (RF) signal including a desired RF signal and interfering
.signals, wherein the desired RF signal includes at IeTsT“Une-eedeeL—pLLoL 5
“signal; a second antenna for receiving a second represlm

conposite RF signal; a receiver, selectively coupled t 'ﬂ”'m'@ "n m}ma
and the second antenna, for generating gecel ved si gné‘l ¢i nel udi ng '

| east one coded pilot 10 signal, resp Ive to receiving at | east one of
the first representation of the conposite radio frequency (RF) signal from
the first an JLEYY . ntation of the corrposite radi o
frequency (RF) si g?\& 1¢?ﬁh‘i§$ﬁg& @Fﬁéﬁi}%%‘%a a first switch, coupled to
the first antennaa fxrateam@oaa\fer r%qedvmg@ fiigst repmaentaticmpf & @ompositet i vel y

coupling the f trol
signal ; a se%%dﬁésfﬁ\ﬂwﬂ%i’ t‘%ﬁ? é@’gﬁ eQ inPad ﬂff VE and a
control | er, $ignalse dnelydes ah %’ﬁhﬁnﬁ@f’- ei ver
responsi \g tggﬁapecond cont roI Si gnal a |l oad having a

pr edet ermi ned | npedance, wi t.ch cou to the |.0ad he recei ver
‘and a controll er, aisSFOIé%IaQE eﬁjoﬁ ISS‘?.}KM&@ sF%é“‘fG g‘f’h@ nf e or
responsi ve toompbbltedlf'cmgt'labl signal; and wherein the controller, coupled
to the first swt 1 LA Sthel or
generating the fi %s CO&{,%@e@ﬂgelﬁsﬁoup‘i%ﬁ%econ%stt%ﬁ'ﬁtt ro a(éldgé#alé&oﬁat he
third controantengaafor genesating a lteéeltvnd signaleingl atdeest one ended pilat ;
wherein ide gigﬂ %&ﬁénﬁ@é‘% %é‘eﬁ 4t leadt onid bﬁther ﬁ?é%%%i‘éé@n%&ldrhﬁf gl'(i)é st

control sign t'he se swtch | t he second cont

si gnal and tﬁ‘émPF??‘rtﬂré °c RANeRGYo v@mé‘é a}‘ﬁ Ff@é‘ﬁ?‘?‘"&ﬂa% to

sel ectively s@mderépresdiﬂaﬁm@f\tné compdsite radio flefaehty éRF)agigﬁahﬁoﬁnd the
| oad; only tﬁ} % rawg 1%‘{‘51% na and the | oad; and both the first antenna and
t he second 3 grie

a first switch, coupled to the first antenna, the receiver and the

15 controller, for selectively coupling the first antenna to the receiver
responsive to a first control signal;

a second switch, coupled to the second antenna, the receiver and a
controller, for selectively coupling the second antenna to the receiver
responsive to a second control signal; _

20 a load having a predetermined impedance;

a third switch, coupled to the load, the receiver and a controller, for
selectively coupling the load to the receiver responsive to a third control
signal; and

wherein the controller, coupled to the first switch, the second .

25 switch and the third switch, for generating the first control signal, the
second control signal and the third control signal responsive to the at least
one coded pilot signal;

wherein the controller controls the first switch responsive to the
first control signal, the second switch responsive to the second control

30 signal and the third switch responsive to the third control signal to
selectively couple to the receiver one of:

only the first antenna and the load;
only the second antenna and the load; and
both the first antenna and the second antenna.
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