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Diversity Receiver Apparatus And Method Therefor 5
Field of the Invention The present invention relates generally to a dual
node radi o subscriber units and, nore particularly, to a dual node radio
subscriber unit having a diversity receivegr apparatus and net hoégbio‘f‘sbﬁf or.
10 Background of the Invention Radio systens provide users of radi
subscriber units with wireless comunications. A particular type of radio

sy;tem_ ibs a cellular 15I mllaalimgm?c&ﬁg@ﬁga}mﬁpﬁgwﬁl;a@r type of radio
subscriber unit is a ul. ar »r adi ot el ephone sulsc e nit, sonetines
.referred to as a nobi ?@“’a sify; Brcetyeq éfa'?’ﬁd‘liﬂaimgm

E)%fé’ém; general |y

include a switch controller coupled to a public switched tel ephone network
(PSTN) and a plurality of base stations. Each of the plurality of base

stations %eneral ly 20 defines a lggo raphic region proxinmte to the base
station te& produce coverage ar eas__ﬁiimmml f Il e stations conmuni cate
with a base station that facilitates a call between the nobile station and
the public switch t el ephone network. A descrjiption_of a cellular

radi ot el ephone sys et dnyenion relatesganssally to @i dealaapdg radio
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stations have_diversit 0 inprove.the reception, of co ni cation signals
sent from thé™® V&%ﬁi_ .er%g'v’éercg}‘?? ' {iRe) %Pﬁéﬂ%@&%ﬂﬂancy or
duplicatil®n to achieve an inprovenent in receiver performance under

mul tipath fading conditions. S £ ' ef J_:Iﬂ)( 9 t|1 particul ar, enpl oys
two or nore antennas that are %%’Sg%yéﬂm%ég%a&} by a di stance rel ated
to the wavel ength. In a space diversity system a transmtted signal
travel s by slightl bf 3 s’éEHTﬁ h I teﬁﬁnittQ : .

antennas at the re%ae(iﬁ\?e%{%%ggﬁlpéo%, t ff@{%ﬁ@%@%ﬁf ectg\éﬁgmt?SSMere
the transm t (OFUGUINCAUANS . A \RATHEYIAE fype ng%‘#ﬁas}ﬁé@ndﬁwegyhrr avel ed by
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Tonal oo (ORSPEERCRTnd wlbRTRE Sattelime Seteered & FLarmebls 1 ne
same extent Ipfation fedkdarmdibtelephoneatystémsligegerdilycimehedoh switch
controller coupled to a public switched telephone network (PSTN) and a
plurality of base stations. Each of the plurality of base stations generally
20  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
system is described in the book “Mobile Cellular Communications
25 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
receiver performance under multipath fading conditions. Space diversity,

30  in partjcular, 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
paths, where the transmitted signal received by each antenna has also

35  traveled by different paths from the transmitter. Experience has shown
that when the reflected path causes fading by interference with the
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the different paths. Although the path fromthe transmtter to one of the
twe antennas may cause phase cancellation of the transmtted and 5
reflected path waves, it is |l ess probable that multiple paths to the other
antenna wi |l cause phase cancellation at the sane tine. The probability
that the two antennas are receiving exactdy the same signal is called a
correlation factor. Known space diversity systems include swtched antenna
diversity 10 (SAD), selection diversity (SD) and maxinmal ratio conbini ng
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SAD employs two antennas coupled to a single receiver through a

20 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
is coupled to its own receiver. The receiver with the highest baseband

25 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
that only one antenna is used at any instant in time, while the other is

30 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
and then summing them. Accordingly, the individual signals in each

35  diversity branch are cophased and combined, exploiting all the received
signals, even those with poor SNRs. However a disadvantage of MRCD is




SD_ A particular type of cellular radiotel ephone system enpl oys spread
spectrum signaling. Spread spectrum can be broadly defined as a 5 nechani sm
by which the bandw dth occupied by a transmtted signal is much greater
than the bandw dth required by a baseband information signal. Two
categories of spread spectrum communicatigns are direct sequence spread
spectrum (DSSS) and frequency-hoppi ng spread spectrum (FHSS). The essence -
of the two techniques is to spread the transmtted 10 power of each user
over such a vihdé MBRGIvistiioré Wifficultviad cohgslicabeal e W@planent'ttan SADdeE dt h,

in watts per rtz, is very small. Frequency-hopping systenms achieve t hei r
processing gain by avoiding interference, whereas the direct sequence
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20  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 signal while spreading all
unwanted signals. :

The DSSS technique acquires superior noise performance,

25 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 pseudorandom code-generated signal. It is
essential that the spreading signal be precisely known so that the receiver
can demodulate (i.e. despread) the signal. Purthermore, it must lock onto

30  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
locking, the code clock and carrier frequency generator in the receiver are

35 adjusted so that the locally generated code moves back and forth in time
relative to the incoming received code. At the point which produces a




maxi mum at the correlator output, the two signals are synchroni zed, neaning
tkRat the correct code phase has been acquired. The second | oop (carrier
tracking | oop) then tracks the phase and frequency of the carrier to ensure
phase lock is maintained. 5 A cel lul ar radi ot el ephone system using
DSSS is comonly known as a Direct Sequengce Code Division Miltiple Access
(Ds- CDMA) system I ndividual users in the systemuse the sanme RF frequency
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20 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
quality of the channel is poorer because frame error rate (FER) occurrences
25 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.
Coherent antenna combining could solve the range imbalance issue
30 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.
SAD can be a solution. SAD is required in Pacific Digital Cellular
35 (PDC) mobile stations. But, their time division multiple access (TDMA)
access method allows an antenna decision to be made just prior to a
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serving tinme slot arrival. No swtching is permtted within the tinme slot.
The Ardi sTM Portabl e Data Term nal uses switched diversity that operates

wi thin the nessage; but, it is ineffective at speeds above 10 MPH. This is
because the traditional switch algorithmcan't keep up with the fast fades.

5 Accordingly, there is a need forga dual node radi o subscriber unit
having a diversity receiver apparatus and nethod therefor that overcones
the di sadvantages of the prior art and morks wel |l in DSSS systens. Brief

Descri ption oferving BoeeslogarfiCal| No switthingt i a-mmealwithndt}&gh&[é slota

radi o system BN ubs un| t, FIG
2 illustrat esi‘fgg{#ﬁmharg&éée@crl%gng e %ﬁ%?saﬁ&%%‘%qaf % WS per
unit of FI G withi the message; dul3 if lslllnsﬁfefmmaiaspaedambave 1ﬂlNﬂ’IrbrTHBSlsr| bi ng
a portion of F %n{l

further d scr}fél}?}llgé%gl? F?%ﬁﬁac}fslvt@te ovvc ar #R%%ab%tﬁltékq%rﬁstrat es
gr aphs of “probabi IMQ&MIM there éhamerd dppasdival mode sadigusibseriber unidgr at i on
Ile?/elts I? SUW gaf di\t@?ﬂy!t&'éédl@%ﬂ @pp&fgtﬁ@ﬁnalxﬁ%&{m fhéiéfo%'iﬁ]gt f,?]refé]plﬁie@h t
illustrates ar ur escribing an er, n o e flowchar
of FIG 2. Fa‘e ‘ﬁsﬁ‘a ?}ét?g?ﬁg BYEERr toqrﬁgm#%fwe@ll Bhétgﬁﬂ'ﬂ%‘?ﬁ i ncluding a
25 second enbodi nent of a radio subscriber unit as an alternative

enbodi ment to the first enbo Me§ | nspﬂ?bti‘ .unit of FIG 1. FIG 8

illustrates a bl ock diagram a third enbodi nment
of a radil® subscriber unit. FIG 9 illustrates a bl ock di agram of a radio

system i ncl udi ng e‘ﬂmﬂk fjéfga gs an
alternative enbgd?FnIg%l)tl ifll%ﬁra&:st ILr rarir%%r(?%nent og e ra o su gcrﬁ%er uni t

of FIG 8. FIgbedunent ok z radio sihscrber ¥nifgr am of a radi o system i ncl udi ng

a fifth embodi mentFIgl. Zillustiatessal HoovchRel destribingg teopétationadf the radhedi ment
to 35 the thi r%scﬂﬂefou”?ﬁ&b?d' nments of the radi o Subscri ber un|t of

FIG. 8 and &
15 FIG. 3 illustrates a flowchart further descnbmg a portion of the

flowchart of FIG. 2.
FIG. 4 illustrates a flowchart further describing a portion of the
flowchart of FIG. 3.
FIG. 5 illustrates graphs of probability distribution functions at
20 various chip integration levels in support of the description of the
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 mcludmg a
25 second embodiment of a radio subscriber unit as an alternative
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
30 fourth embodiment of a radio subscriber unit as an alternative

embodiment to the third embodiment of the radio subscriber unit of FIG.
8.

>

HIG. 10 illustrates a block diagram of a radio system including a fifth
embodiment of a radio subscriber unit as an alternative embodiment to
35 the third and fourth embodiments of the radio subscriber unit of FIGs. 8
and 9.



FIG 11 illustrates a block diagramof a radio systemincluding a radio
subscri ber unit incorporating the first enbodi nent of the radi o subscri ber
unit of FIG 1 and the third enbodi nent of the radi o subscriber unit of

FIG 8. 5 Detailed Description of the Preferred Enbodi nents Three general
enbodi nents descri bed hereinbelow are firgt briefly sumarized for the sake
of organi zati on and understandi ng. The three 10 enbodi nents nay be

i npl ement ed i ndependently or conbined in any way to achi eve a desired

result. Thus, thelHGalEﬁMtééaﬂﬂédia sﬁn@w@&m@rs? siim ihGuliEg gener al

enbodi nent s eC| fJ C conbl.nat re I bl e consi géring the
particul ar fé%l/&ﬁ)y%"ig) nCPRR gh& tt§eJadiq i bed

her ei nbel ow. stibscriber urquf H@tlgﬂddﬁ\&lﬂihlﬂbaﬂboﬂhﬁenﬂeﬁﬂ{d rlo wubkcrilsérer ence
to FIGs. 1-6 ﬂ@egs a radi o subscriber unit including a swtched
antenna diversity recelver apparatus and a nethod for controlling the sane.
The radi 0®subscri ber unit |ncI udes a controller and the swtched antenna
diversity receiver apgitailed ha . Prafd 28 A o ant enna, and
a 20 receiver. The controller sefectrvely coupl és one of only the first
antenna to the receiver, only the second antenna to the receiver, and both

the fi rgt ant enna Three gen em@@mhbh ﬁmansldemméwhéﬁiﬁbéléw éﬁsﬁﬁé%sbﬂéﬂ 0 a
Gesor | bed w RIEAFHPER G pf¥ skl of fEaniEkaot st e iR agoﬁ'i*?&ﬁree b
control | 1&g chnmmtqmagcbeumplemeated irsdépenalentlyi or codabinécén anyi t . The
radi o S“bscr\'v;PfYtd‘ 1e{ré'9ld5§ﬁ%d Fe rﬂ{dsegl}]%g %ng&aﬁﬁgéﬂe recel ver

t
apparatus ha I rst _antenna and a sefont controller
controls a sé&P iens, of thy thige general embedimentsd Maoy swoomdpecifienna

responsive t godibih&Gis @531blé d’oﬁki ﬁg(ﬂé’%}aﬂfcd%ﬁﬁ%g ofdaCh O}Q%lf 0)

signal (Ec) the re str recelved signals
and an int eg%té'fele acf PQHE ?rlemlﬂ ndi cation ([err] RSSI)

of the r#geived swgﬁaét ehetdli mﬂbqéimmﬂ desdrilsidranith refefetick B6 FI@s! 16,
Gver oty 1 oderges s Fdip HRRENBES R SO b Tt SRRpBR AP el oo
recei ves eit regeiverfapparatusiand farmegthod: for etrellingdhersame. aThd radia di gi t al
modul ati on MBEHRLHY it includes a controller and the switched antenna diversity
receiver apparatus having a first antenna, a second antenna, and a
20  receiver. The controller selectively couples one of only the first antenna to
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,
25  describes a method for controlling a diversity receiver apparatus in a radio
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
30 signal (Ec) to the received signal strength of all received signals (Io) and an
integration of the received signal strength indication (JRSSI) of the
received signal.
A third general embodiment, described with reference to FIGs. 8-11,
describes another method for controlling a diversity receiver in a radio
35 subscriber unit. The diversity receiver receives either a first radio
frequency (RF) signal modulated by a digital modulation method or a




second RF signal nodul ated by an anal og nodul ati on nethod. In one

embodi nent, the controller controls the diversity receiver responsive to a
first diversity algorithmwhen the diversity receiver receives the first RF
signal nodul ated by the digital nodul ati on nethod, and responsive to a 5
second diversity algorithmwhen the divergity receiver receives the second
RF signal nodul ated by the anal og nodul ati on nethod. I n another enbodi nent,
the controller controls the diversity receiver responsive to a first
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The first 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

25  first analog to digital converter (ADC) 157, and a second analog to digital
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.

30 In the radio subscriber unit 102, the first antenna 114 is coupled to
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
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-

35 amplifier 139. The second pre-amplifier 139 is coupled to the second
switch 120. The load 124 is coupled to the third switch 122. The first




8 switch 118, the second swtch 120, and the third switch 122 are each
céupl ed together at a single point at line 145 at an input to the receiver
126. The first switch 118 receives a first control signal at |ine 146. The
second switch 120 receives a second control signal at line 148. The third
switch 5 122 receives a third control sigpal at line 150. The receiver 126
receives a radio frequency (RF) signal at l|ine 145. The received RF signal
at line 145 is coupled to an input of the downconverter 155 for producing a
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t he second

na
general ly op lgge jr‘%ﬁ I 'SR% Rsﬁ@t@é?el& the ﬂquéﬂ%’f@éls\l@al ) at line
comruni 20 es1409, ttheﬂMSl adliaestddssnd tRé ratio (Ec/Io) at line 142 are provided to

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

25 line 146, the second control signal at line 148, and the third control signal
at line 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. ,

30 The user interface unit 110 generally includes, for example, display,
a keypad, an earpiece, a microphone, as is well known in the art.

The transmitter 112 is coupled to receive the information at line 152
and produces transmitted information at line 134 for transmission by the
second antenna 116. '

35 In operation, the radio system 100 generally operates as follows.
The base station transceiver 104 communicates with the radio subscriber



9 unit 102 over radio frequency (RF) channels. It is generally known that
t Re radi o subscriber unit 102 needs to be within a coverage area provi ded
by the base station transceiver 104 to provide effective comunication

t herebet ween. The base station transceiver 104 transmts a radio frequency
5 (RF) signal 156. The radi o subscriber gnit 102 receives a first
representation 158 of the RF signal 156 and a second representation 160 of
the RF signal 156. The radi o subscriber unit 102 al so generates a transmt
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the preferred enbo Eﬁﬂﬁ l%Bﬁﬁu at i on
system i sl mdimﬂepimnmtmmﬁmhmes htma rnfcxzeﬂ]iulm mbdif)

standard for &l g%%(;g S I ]le

St ati on- Base St at1on Is?Stghﬁc%@éﬁLéingﬁ é%ébJ S(i\(}gj&e 1fﬁge%tand Spr ead
Spect rum Cel | inventionsinghy dep @mglea Diyect eguenes eGoslet BivisiehaMudtipleo as

the "1S-95 St Aseds(DS-CIDMA) el iEA’ RiSlelébhibhed YorBlEliglE6n systems,
Global System for Mobile Communications (GSM) cellular radiotelephone
20  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
25 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. BE-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
30 communication system is a DS-CDMA cellular radiotelephone
communication system. The standard for this system is disclosed in
TIA/EIA, IS-95, Mobile Station-Base Station Compatibility Standard for
Dual-Mode Wide Band Spread Spectrum Cellular System, published July
1993 (hereinafter referred to as the “IS-95 Standard”), herein incorporated
35 by reference.



10 In the 1S-95 standard, a nonmenclature is given for the nam ng of data
ebenents within the radi o subscriber unit (i.e. the nobile station
receiver). Table 1 below illustrates the timng relationships between
various data elements in a CDVA radi o subscriber unit 102. In the 5
preferred enbodi ment, the RSSI output of {hhe A/ D converter 170 (see FIG 1)
are sanpled at the chip rate while the [err]RSSI and the ratio Ec/lo inputs
to the controller 108 (see FIG 1) are sanpled at a synbol period. elenent
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DS-CDMA is a technique for spread-spectrum multiple-access digital
communications that creates channels through the use of unique code
sequences. DS-CDMA signals can be and are received in the presence of
high levels of interference. The practical limit of signal reception depends

15  on the channel conditions, but DS-CDMA reception described in the
aforementioned IS-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 with a lower level of interference and
dynamic channel conditions.

20 The DS-CDMA cellular radiotelephone communication system may
be divided into sectors or coverage 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

25 radio subscriber unit 102 resides. The residual interference on a given
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



transcei ver 104 arriving at antennas 114 and 116 via multiple paths each
wth approximately the sane delay. A DS-CDVA base station transceiver
comuni cates with the radi o subscriber unit 102 with a signal having a
basic data rate of 9600 bits/s. The 5 signal is themspread to a
transmtted bit rate, or chip rate, of 143288 Mhz. Spreading consists a
applying digital codes to the data bits that increase the data rate while
addi ng redundancy to the DS-CDVA system The chips of all the users in that
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The radio subscriber unit 102 is adapted for compatibility with the
type of radio system 100. Therefore, in accordance with the preferred
embodiment, the radio subscriber unit 102 is a cellular radio subscriber
unit. The radio subscriber unit 102 may take many forms that are well
25 known in the art, such as, for example, a vehicular mounted unit, a
portable unit, or a transportable unit. According to the preferred
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.
30 The operation of the first general embodiment of the radio
subscriber unit 102 is now generally described. In general, the radio
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
35 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




12 antenna 116, generates the received signal (Rx) at line 153 responsive
to receiving at | east one of the first representation 158 of the RF signal
156 fromthe first antenna 114 and the second representation 160 of the RF
signal 156 fromthe second antenna 116. The controller 108, coupled to the
5 receiver 126, selectively couples toghe receiver 126, responsive to
the received signal at line 153, one of: only the first antenna 114, only

t he second antenna 116, and both the first antenna 114 and the second
antenna 116.artenh&d16) géreorated thetredéived sigridl{Rx)vat tihed 53riespomsitiewer sity 10
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20 may be located in a flap element of a portable telephone as is well known
to one of ordinary skill in the art.

In the preferred embodiment, the second antenna 116 is considered
the primary antenna because it is coupled to both the switched antenna
diversity receiver apparatus 106 and the transmitter 112. The first antenna

25 114 is considered an auxiliary (or alternate) antenna that enables the
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
30 the radio subscriber unit 102. However, because of the spatial relationship
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
35 order to improve the reception of the radio subscriber unit 102.
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13 The receiver 126 is generally of the type designed to process RF
signals. An exanple of the receiver 126 is generally disclosed in the book
"Digital Communications” by John Proakis, McGawH Il, 1989, or "Theory of
Spread Spectrum Conmuni cations - A Tutorial" by Raynond 5 L. Pickhotz et
al ., I EEE Transactions on Communi cations,j3vol. com 30, pp 855-884, 1992.
Many functions of the receiver 126 may be inplenented in discrete parts or
as an integrated circuits (1C) as is well knovvn |n the art. The analog to
digital (A/D) convBne secels®er 126ripgeserally dfftheitgpelidesignedrto prédesstRR nul ti pl e
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20 integrated circuit (ASIC) as described in "CDMA Mobile Station Modem
ASIC", Proceedings of the IEEE 1992 Custom Integrated Circuits
Conference, section 10.2, pages 1-5; and "The CDMA Digital Cellular
System an ASIC Overview”, Proceedings of the IEEE 1992 Custom

: Integrated Circuits Conference, section 10.1, pages 1-7.

25 The second A/D converter 170 produces samples at the chip rate.
An example of the second A/D converter 170 suitable for use in the
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.

30 The integrator 130 provides for multi-sample smoothing of the
RSSI data at line 138. It can be performed by dedicated hardware, as
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

35 be, for example, a MC68332 microcontroller or a MC56156 DSP
manufactured and available from Motorola, Inc. The controller 108 is




14 typically separate fromthe receiver 126. However, the controller 108
and the receiver 126 may be conbined to forman integral unit, such as an

| C. The radi o subscriber unit 102 further includes the first switch 118 and
the second switch 120. The first switch 118, coupled to the first 5

antenna 114, the receiver 126, and the cqgtroller 108, selectively couples
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,
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controlling the FETs as is well known in the art. As is typical with switch

antenna diversity receiver arrangements, the FETs in the receive path

cause some loss of receiver sensitivity due to their insertion loss. But, the

transmit (Tx) path is not affected because there are no switches in the

25  transmit path. '

In the preferred embodiment, the bias of the first pre-amplifier 135
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

30  off when the corresponding switch, in series with the pre-amplifier, is
opened. This helps reduce current drain and improve isolation when the
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

35 switching is not necessary in order to operate the switched antenna
diversity receiver apparatus 106. The first switch 118, the second switch
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15 120, and the third swtch 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 nay be used for the attenuators is 20 dB. Thus, the
selected state of the first 5 antenna k4, the second antenna 116, and
the load 124 may be acconplished by varying the anount of attenuation at
line 132, line 134, and line 136 respectively. The sel ective coupling of
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The prior ar tlimitedi toi theassignedeantenna monfiguratidnojust definedd si gnal
SS?E?L'SSSgnieﬁme%%??ﬁé‘ﬁ‘?eaf‘“%‘“?? POviORE by e RS BB b 000 o
the control | ¢ tap8hees se 8 a@%%éaﬂ?eﬁ@émaal%mﬂ theysedandsantgnnanna
114 and ©QBe seéorie thatlﬂtmaaﬂ,lﬁﬂy enioQsRidcted bfatdd el [RuskiblXSRI i phibP &rtl 44
andfor the 1 ahlQushdiCetdd statdfare t%rpxcally implemented using a single pole,
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 another selected state is occurs when only a second antenna is coupled
25  to the receiver. The prior art does not disclose a third selected state
occurring when both the first antenna and the second antenna are coupled
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
30  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
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
35 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.
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16 The controller 108 uses these three paraneters to optimze alternate
antenna sanpling as well as when to choose an alternate antenna
configuration as a serving antenna configuration. The prior art does not

di sclose controlling the selected states of the first antenna 114 and the 5
second antenna 116 responsive to the [erggl RSSI at line 144 and/or the
ratio Ec/lo at |line 142. The advantages of controlling the selected states
of the first antenna 114 and the second antenna 116 responsive to the [err]
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The third s?lgﬁtg%ﬁ%a e of the first antenna 114 and the second ant enna

116 provide ge not realized by the prior art. The prior art also
di d not 10se the eQperadingntheoswitbhed antemnBodiversifititepaiter apparatushldée in t he

third | t t
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swi tch, coudPEdai #@sdcr 2 dhion 1 %%@F@%E”?&%@ Bing e 14 8Pfr 108
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20 The third selected state of the first antenna 114 and the second
antenna 116 provides an advantage not realized by the prior art. The prior
art also did not use the equivalent of the ratio Ec/Io. Adequate Ec/Io while
in the third selected state indicates that the antennas may both remain
simultaneously connected even though this may not be the optimum -
25 state. This is discussed further with reference to FIGs. 2-6. '
The radio subscriber unit 102 further includes the load 124 and the
third switch 122. The load 124 is coupled to sighal 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
30 responsive to the third control signal 150. The controller 108 selectively
couples to the receiver 126, responsive to the received signal (Rx) at line
153, one of: only the first antenna 114 and the load 124, only the second
antenna 116 and the load 124, and both the first antenna 114 and the
second antenna 116.
35 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.




only the first antenna 114 and the |l oad 124 is coupled to the receiver 126.
1Y In the preferred enbodi nent, the second sel ected state occurs when only
t he second antenna 114 and the load 124 is coupled to the receiver 126. In
the preferred enbodinent, the third selected state occurs when both the
first antenna 114 and the second antenna 6 are coupled to the receiver 5
126. The load 124 is not coupled to the receiver 126 in the third sel ected
state. The load 124 has a predeterm ned i npedance. In the preferred
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couple to the receiver 126 in the third selected state. In the

20 preferred embodiment, the predetermined input impedance of the
receiver 126 is 50 ohms. In the preferred embodiment, the predetermined
output impedance 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 is
50 ohms.

25 Ignoring the load 124 for a moment, the output impedance at line
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

30 116 are in the third selected state (i.e., when both the first antenna 114 and
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

35 states, respectively.
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35 states, respectively. 18 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

I npedance of the load 124 is chosen so that the inpedance of the |oad 124
in parallel with the output 5 inpedanceq@t |ine 145 of either the first
swtch 118 or the second switch 120 is substantially the sane as the output
i npedance at |ine 145 of both the first switch 118 or the second switch 120

in parallel. In tTﬁeH&f&QQ&@é’ﬂ?&@M&é@%betlﬂ‘iaa%ﬁéie&rﬁhr&ﬂf‘éi'tﬁt Bt
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when only one 20 £enna s_No cl e t he
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| npedance in r.a al ready the sane when either only one antenna
or only anotﬁég%%‘éﬁ?%&nés $é°b§?éct ed, the prior art has not addressed the
probl em of mai nt aneugvelmupiUtgstlmloaﬁrbuetoeﬂm rwdlmtmtwhap@dﬂmdheo a

receiver. |ngife jﬁé%ﬁ%@qsgéfg H%heﬁm-l? %n%oﬁ@ﬁ (PQ.EH the
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zz;zaPLsn?,enﬁﬁw%ﬁée%eb hgugrnas 10 paral el 1 the preferred
e prior art does not disclose switching in a load when only one
20 antenna is selected. The prior art does not disclose the third selected state
(i.e., when both the first antenna and the second antenna selected at the
same time). Since the predetermined output impedance in the prior art is
already the same when either only one antenna or only another antenna
is selected, the prior art has not addressed the problem of maintaining a
25 constant predetermined output impedance to a receiver.
In the preferred embodiment, the controller 108 couples both the
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
30 controller 108 may be summarized by the phrase “make before break
switching”. The purpose of this type of switching is to reduce the transient
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.
35 In the preferred embodiment, the RF signals 158 and 160 are
composite RF signals including a desired RF signal 156 and interfering




35 In the preferred enbodi nent, the RF signals 158 and 160 are
conposite RF signals including a desired RF signal 156 and interfering

19 signals represented by signal 166. In the preferred enbodi nent, the
desired signal is a spread spectrumsignal. In particular, the spread
spectrumsignal is a direct sequence spregd spectrum (DSSS) signal adapted
for a CDVMA communi cation system A general description of the desired 5 RF
signal 156 is disclosed in the 1S-95 Standard nenti oned herei nabove. The
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20  of the spread spectrum RF signal 156. The receiver, selectively coupled to
the first antenna 114 and the second antenna 116, generates a received
signal at line 153, including at least one ratio Ec/Io at line 142, responsive
to receiving at least one of the first representation 158 of the spread
spectrum RF signal 156 from the first antenna 114 and the second

25 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

30 126, 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

35 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




the |l oad 124 to the receiver 126 responsive to the third control signal at
35 line 150. The controller 108, coupled to the first swtch 118, the
second switch 120, and the third switch 122, generates the first contro

si gnal at 20 line 146, the second control signal at Iine 148, and the
third control signal at line 150 responsyye to the ratio Ec/lo at |ine 142,
The controller 108 controls the first swtch 118 responsive to the first
control signal at line 146, the second switch 120 responsive to the 5
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controller 108™responsive to the [err]RSSI at line 144 and/or the ratio
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made by the YD 108 that generally consider when to change the
sel ect ed st ates offhehhr&0selected states lofishel fivst antenne\lé‘llanﬂﬂhesepend] RSSI at

135 e senehe B e b s BB, B ST
5 provides slippddd angl/or the ratio Ec/Io at line 142, Details of the operation of
20  controller 108 responsive to its input signals are now further described
with reference to FIGs. 2-6.
The flowcharts illustrated in FIGs. 2, 3, 4 and 6 are embodied within
read only memory (ROM) (not shown) associated with the controller 108.
FIG. 2 illustrates decisions made by the controller 108 that generally
25 consider a level of the JRSSI 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 JRSSL. FIG. 3 illustrates decisions made by the controller
108 that generally consider when to change the selected states of the
30 antennas based on the level of the JRSSI at various points in time. FIG. 4
illustrates decisions made by the controller 108 that generally consider
how to measure the level of the [RSSI. 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
35 change the selected states of the antennas based on the level of the ratio
{(Ec/Io) relative to a predetermined threshold.




determ ning how the level of the [err]RSSI is nmeasured. FIG 6 illustrates
deci sions nade by the controller 108 that generally consider when to 35
change the sel ected states of the antennas based on the level of the ratio
(Ec/l10) relative to a predeterm ned threshol d. 21 FIG 2 illustrates a
fl owchart 200 describing the operation ofythe radi o subscriber unit 200 of
FIG 1. The flowchart 200 conprises a coﬁ%ectlon of steps 202, 204, 205,
206, 208, 210, and 212 defining a predeternm ned set of operating conditions
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when the desired rminatign &f s %@Qﬁ%@v%dh%sﬁttﬂeﬂlzoéd gnal 158 or
160. 20  determination is made whether the desired RF signal 156 dominates the

composite RF signal 158 or 160. In the preferred embodiment, the desired
RF signal 156 dominates the composite RF signal 158 or 160 when the
demodulator 128 detects the desired RF signal 156 at levels 10 dB higher
than other detected signals. The purpose of the determination at step 204
25 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
hand-off condition occurs when the desired RF signal does not dominate
30 the composite RF signal. The flat fading condition occurs when the desired
REF 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
116, or both the first antenna 114 and the second antenna 116 responsive to
35 aratio of Ec/lo. The reason that only the ratio of Ec/Io is used and not
JRSSI is that JRSSI does not represent the magnitude of the desired RF




If the determ nation at step 204 is negative, then, at step 205, the
controller 108 selects either the first antenna 114 or the second antenna
116, or both the first antenna 114 and the second antenna 116 responsive to
35 aratio of Ec/lo. The reason that only the ratio of Ec/lo is used and
not [err]RSSI is that [err] RSSI does not Hhepresent t he magni tude of the
desired RF 22 signal 156. Further details of step 205 are discussed with
reference to FIG 6. If the determ nation at step 204 is positive, then at
step 206, theigaNt6e) FeirthRHtBlL6f Sted] diseubhdd

second anten3§$??6 5 or both the ?Eﬁg?53%$enna %%4%gﬁgk?%QQEEé§n antenna
116 responsive to either the [err] RSSI or the ratio of Ec/lo. The reason
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antenna 114 Egc ge receiver 126 and a secon e conn s only
second anten 146 to the receiver 126. - . This insures that the added
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st at es. At step 202, when the JRSSI is determined to be close to thermal
20 noise (No), for example, less than 6 dB, only one antenna at a time should
be connected to the receiver 126. In the preferred embodiment, a first
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
25  parallel will not degrade reception. In this case, antenna switching is
synchronized to symbol edges and there is no practical reason to do a
‘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
30 first and second selected antenna states.
If the determination at step 208 is negative, then, the controller
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
35 antennas). The details of step 210 regarding the selected states of the



If the determ nation at step 208 is negative, then, the controller selects
either the first antenna 114 or the second antenna 116 responsive to the
ratio of Ec/lo. Step 210 is the sanme as step 205, with the exception that
step 210 does not have a third selected antenna state (i.e. parallel 35
antennas). The details of step 210 regarging the selected states of the

23 antennas responsive to the ratio Ec/10 are described in detail wth
reference to FIG6. If at step 208, the determ nation is positive, then, at
step 212, therehhdsLtdspobnsiv8 t6¢he #aio He Zl\?hré Hesdribedl! infdétailR@ith1l4 or the
second antenna,116 5 onsive to either the [err]RSSI or the ratio
Ec/lo. Step 7¢ E’ ﬁbﬁggﬁe as step 206, with the exception that step 210
does not have a tmfladsml 208, éhe dotexminationtie positive, thenabt step2i2ethas) . The
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ant ennas res%?& &Ehy eq[err]RSSI The overall goal of the flowchart in
FIG 3 is to cause e controller 108 to select the state of 20 the
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and 320. A br| e ee sel'ected ant nnfa 30
states are u<ef g@ﬁl@n% istpscause econtro er 108 to select the state

20 the antennas producmg the highest measured JRSSI value.

FIG. 3 illustrates that three selected antenna states at steps 304, 310
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

25 318 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
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

30 states are used in steps 205 and 206. -

The flowchart begins at step 302. At step 302 a determination is
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

35 preferred embodiment, the predetermined time period has a duration of
one second.




The flowchart begins at step 302. At step 302 a determ nation is nmade
whet her a predetermined tinme period has expired. The purpose of the
predetermned tine period is to cause the check for the dom nance of the
desired RF signal 156 to be evaluated on a periodic basis. In the 35
preferred enmbodi nent, the predeterm ned 44 me period has a duration of one
second. 24 1f the determnation at step 302 is positive, the
predeterm ned tine period of one second has expired and the flowchart
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for exanpl e, cdr&fgdﬁéﬂ&‘t&ﬁséd vhipRASYresponding tedn wdgh of hesyenbol dinl er  108.
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measurements of the [RSSI 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.




30 need not be sanpled as often and nore sanples can be averaged to
determ ne a conposite sanple. In this way, the sanple duration is |east
likely to affect reception. If the determ nation at step 308 is negative,
then the flowreturns to step 308 until the multiple synbol tinmes have

el apsed. If the 35 determ nation at step 8 is positive, the flow
continues to step 310. 25 At step 310 e controller 108 changes the
first antenna 114 and the second antenna 116 to a second sel ected state by
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[err] RSSI in regi V&% thentll‘gl} [err RSSI Id? regi ster one and stores
the result in rremj&y ﬁlﬁ/\?ﬁ I%d%@%ﬁ ® ovi des an
i ndi cati d@ ofregﬁntehtwel(not skﬂown)&mﬁiﬁﬁlat[‘he\mahmprmayue flﬁ'té S%liiept ion.
At step 316 | | ure

regi ster tm%gﬁ?&)ﬁ?&%&(ﬁé&n& W%”M‘éﬂ&@@ %&P egi ster
one. 20 |f teemtreilesr188mewdimsa secansd msuserpusﬁoﬁﬂm RﬁSIsoepaEaa t he
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neasured the [er ] SSI aé ti ne € purpos e replacenment is to

| oad the npst rec mntmlqrr@the}smbsﬂ Phin registeniwadadhg
| ocat i on 1sor Imem terQoraand Gorey the RexulFHe MERBER (né¥ sHdven). eThERSS! .

whet her ml {1 gPR eﬁ?ﬁ\&f&%ﬁ%@%{ﬁﬁa%ﬁsm”e' o F%&%@fégﬁdﬁ RoPR) Rssi
did not decr ﬂam wohld proeidedettenfregeptidri.on r emains in the second sel ected
N
continues to reglster two d rise above or equal to the measured JRSSI in register one
20  If the determination at step 316 is positive, at step 318 the controller
replaces the measured /RSSI in register one with the measured the /RSSI
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 JRSSI did not decrease, the antenna
configuration remains in the second selected state as long as the measured
IRSSI 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




30 step 320 when three selected antenna states are desired and,
alternatively, to step 302 when only two sel ected antenna states are
desired. The dotted line 319 indicates the alternative flow path between
step 318 and step 302. The line 321 indicates the fl ow path between step
318 and step 320. If a third selected anpgnna state is desired, the flow
continues from35 step 318 to step 320 erein the controller 108 changes
the first antenna 114 and the second antenna 116 to the third selected
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sub sequen companson by a new measurement of the [RSSI. The flow

20 continues to step 308 wherein a determination is made whether multiple

symbol times have elapsed. If the measured JRSSI did increase, the

antenna configuration returns to make a measurement of the [RSSI 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 controiler 108) involves synchronizing



controll er coordinates the switching instant wth a chip transition of the
30 strongest rake finger (not shown in the denodul ator 128). This
mnimzes ringing effects in an internmediate filter (IF) filter of the
receiver 126. U.S. Patent No. 4,584,713 teaches bit/sw tch coordi nation and
recogni zes that the transient ringing isq% function of the bandw dth of the
I nternmedi ate frequency (IF) filter and the delay fromthe nunber of poles
35 of the IF filter. The synbol edge and chip edge detection circuitry (not
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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 fRSSI 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 [RSSI value.

At step 410, the controller 108 increments the sample count value.
In the preferred embodiment, the sample count is incremented 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
[RSSI 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 JRSSI over a plurality of samples. From step 414, the flow continues to

35 step 310, 314, or 324 of FIG. 3.



At step 412, a determnation is nmade whether the sanple anmpbunt is greater
than or equal to a predetermned threshold. In the preferred 30

enbodi ment, the predeterm ned threshold is thirty two sanple counts. If the
determ nation at step 212 is positive, then, at step 414, the new [err] RSSI
value is stored in nmenory (not shown). Tgqus, the [err] RSSI value is

determ ned at steps 408, 410 and 412 by summ ng individual sanples of the
[err] RSSI over a plurality of sanples. Fromstep 414, the flow continues to
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_4 chip serrpl ﬁgg%g,ﬁﬂme% éx% represents a 8-chip sarrpl e

i ntegration. he% ﬂiuest;a%gsent S hs 1f6 chi g r‘g)l e_integration.
graphs of probabili lstrlbutlon 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




The single chip sanple plot reflects the fact that the exanple restricts
the voltage to odd integers. 30 The foll ow ng provides a practical
di scussion of a sanple strategy used by the radi o subscriber unit 102.
Sanmpl e duration versus the nunber of sanples is a tradeoff that needs
consideration to achieve a practical design. In the preferred enbodi nent,
the RF signal 156 transmtted fromthe base station transceiver 104
consists of a sum of independent fixed 35 voltages of differing anplitude
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20  matched to an 0.81 ys 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.

35 When only one antenna is coupled to the receiver and an | RSSI
measurement is to be made, a make before break connection is preferred




problem the sanple interval nmay be extended to nore synbols. An inportant
technique is to straddl e synbol boundaries to mnim ze the per synbol

i mpai rment. 30 If the sanple interval is on the order of a few chips,
the entire sanple interval may be bl anked fromthe synbol denodul ator 128
with only a small degradation in receivegoperfornance. This is especially
effective because the total energy contarns switching transients and the
alternate antenna may be quite noisy. 35 When only one antenna is
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minimum rate at all times and at a higher rate when the S/N falls below a

20 threshold.

A sample rule might be that when the serving antenna S/N <
threshold => sample alternate antenna every 10th symbol (1920 samples
per second). The sample rate can be as high as one sample/symbol (19200
8/s) or even higher. As discussed earlier, the benefit is of high sample

25 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
highway speeds. Thus a reasonably close approximation to optimum
switched diversity should be achieved. Typical worst case Doppler

30  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
other antenna.

It is relatively simple to get an estimate of the fade rate from the

35 data and to make the sample rate a direct function of the fade rate. The




In any event, with such a high sanple rate available, the switch diversity
shoul d be able to follow flat Rayl eigh fading (worst case), even at hi ghway
speeds. Thus a reasonably cl ose approximtion to optimum swi tched diversity
shoul d be achi eved. Typical worst case Doppler 30 frequencies should be

| ess than 100 Hz ([err] 75 MPH & 894 MHzgjDoppler is 75 x 0.894 x 1.49). At
1920 sanpl es per second, there are 20 sanples per m ni num fade period which
is enough tinme to decide to switch to the other antenna. It is relatively

sinpl e to getsafiplehie@iudd fary Heorh Betor 20 sangstes fed ding drofhé fademake
the sanple ratg a direct function of the fade rate. The 31 sanple rate
could vary frrBEﬁ'% to 1920 sanpl es/s depending on the fade rate. Thus, the
ability to fol | ow Thus, sheyabilitpdaifellow thectighalgpeakssitandeh higirersspeeds COVA
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at on e . e
controller 1 %gé”dj %@@& tyat.es,
at steps 602, ¢ ) a?ll(} % or’ ﬁ%f: eyﬂﬁ%k?ﬁ,ﬁr%ﬁ@ rl?'ﬁlelé atﬂ%e%itg%t ed
by line 623 mﬂmﬁwg%@ éQ@eﬁﬁ’é‘ 15;]9%2%18@8@%&%@2520# ElGrénce to
FIG 2 shows A lbiefrBfe2n&SiocFIR @ sHtwed Haat Urily eWodeleciat dntehnaistpes 29¢ and

20 oot 2 5% M 508 SR o5 B 86 108 B 2
switch 118, ttheesselerted antdrain stafes, ansteps 602,1608chrad 622; fod @Ramisles the
epresont 10 bR ek ok 10 6 Unb PIBSHLEE, Bt I P L
used, the fi rFG. ZelAdbrief refezencectocflly Essheives thay threesselectad antonmastateana 116
in parallel. 48 2ed iﬁggeﬁgrgg%{cpgbegnbodi ment, the changes are nade at the
chip edge At step 602, the controller places the first antenna 114 and the
20 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
antenna combinations. Purther, when steps 210 or 212 are used, the first
selected state excludes placing antenna 114 and antenna 116 in parallel. In
25  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.
310.

At step 604, the demodulator 128 determines the ratio of Ec/Io from
30 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
Ec/Io is above a predetermined threshold which is set to maintain a
desired maximum frame error rate (FER). In the preferred embodiment,
35 the maximum FER is 1% and the predetermined threshold is
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correspondi ng to the synbol edge. Changing the selected state of the
antennas at a chip edge is discussed herei nabove with reference to FIG

310. At step 604, the denodul ator 128 determines the ratio of Ec/lo from 30
its rake fingers. Referring briefly to FIG 1, Ec/lo is provided at |ine
142 for each of the rake fingers. At stegp 606, the determ nation is nmade
whet her any of the ratios Ec/l1o is above a predeterm ned threshold which is
set to maintain a desired maximumfranme error rate (FER). In the preferred

enbodi ment , &proxémately M4ndBERNew Eéflonidféiimatioe deheditibledfteheeeiol d is
32 appr oxi maégn?; 1—% rg§ New Ec/lo information is avail able after every
synbol perlo P PH2%%et er mi nati on at step 606 is positive, then, at step
607, the cont roI | BrtheGletenmhinationsattstiep 606 és pas:tmndmmtamp 60% thecond
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antenna 114 Mlseselledtedrstan:rmﬂ]l&etaﬂ theerativsdivf Io elropthedowtthee by

configuring t he second switch 120 and the third
switch 122. etélrn?rnesentl Eg&%feps 205 or 206, the second selected state

can be &y of theIftthesigtmamabloa aatrﬂtqnﬁ%mnbgatave,dhgn,l&t step 608hthe st eps
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and antenna ra méy nt., changes are
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step 60415 Atarsd eyhdilftepa 248 e 2P ané used, &ersadtm&\/ﬂelebkd statel eea:htdesne_ ratio
o110, 1 SooHBIERIE PG h R g MELIRERE ST o1
25  appr oxi nmnbp;imxgnt dhe changes are made at the ch1p edge correspondmg to the
symbol edge. Changing the selected state of the antennas at a chip edge is
discussed hereinabove with reference to FIG. 310.
20 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
function to step 606 wherein, for example, the predetermined threshold is

25 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
wherein the controller again determines the ratio of Ec/Io from the rake

30 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.

If the determination at step 612 is negative, then the flow returns to
step 202 of FIG. 2 via path 615 when only two selected states are desired.

35 The controller 108 selects between only two selected states in the flowchart
200 of FIG. 2 at steps 210 and 212.
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If the determ nation 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 fromstep 614 then returns to step 610
wherein the controller again determnes the ratio of [err] fromthe rake 30
fingers of the denodul ator 128. Thus, thg3asel ected state of the antennas
will remain in the second selected state until all the ratios Ec/lo drop
bel ow the predetermined threshold. If the determ nation at step 612 is
negative, then thdfthedetethiinatiohatstqp62Dd négdtive, tRewithe Wc@ﬂﬁnﬂ@n
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step 616 wherabavecthepredetararingd shresheld temnaanomoa&ﬁterézﬂ]wf romthe
rake fingers $injlet¢He defirmiifftiohs aIrE&dF%é‘démmfep%Oéhnatm 620 is
negative, then, atIf Stlt-lg I[c)ieitermmtatlon at step 620 is positive, then, at step 621, the
20 controller 108 keeps the first antenna 114 and the second antenna 116 in
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
25 controller changes the first antenna 114 and the second antenna 116 to the
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.
30 The second general embodiment, described with reference to FIGs.
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
includes a controller and the diversity receiver apparatus having a first
antenna and a second antenna. The controller controls a selected state of
35 the first antenna and the second antenna responsive to at least one of: a
ratio Ec/To of a coded pilot signal Ec to an estimate of a received signal




25 controller changes the first antenna 114 and the second antenna 116 to
tshe first selected state. In the preferred enbodi nent, the change occurs at
the chip edge corresponding to the synbol edge. Changing the selected state
of the antennas at a chip edge is discussed hereinabove with reference to
FIG 310. The flow continues fromstep 6 to step 202 of FIG 2. 30

The second general enbodi nent, described with reference to FIGs. 1-6 and
the followng FIG 7, describes a nethod for controlling a diversity
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i ncl udes a copggkﬁgimw di vers rec [ r apparatus having a first
antenna and § controls a selected state of
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FIG 7 is thendfi i eelection dbvegam secaiver apparateyp704 Whereas.dhgept t hat
the diversi t Hiveasi 1ty \tedeiPOPAbPA M&dﬁ&i@raﬂ&é‘lsﬁbmrurﬁemﬂmﬁsm&h'ea a

sel ection dive S|t rece ver ar at us reas,, the diversity receiver
appar at us i n%% {‘F@I‘raa '8 Rpﬁtﬁt‘l%écé %@vﬂlc‘}? 'gﬁﬁ’:fr%? versity
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to illustrat BIGhatds pn%segs@dstq)ﬂluﬂtrqse dbaf thesame paindiples ildusivatedlindhent enna
di versity reggj éﬁéd%@m Hﬁrel-&i ‘Eéceﬁlre@ I;Jparaﬁ;sswzso@f eyl 10¥s shiégort%d6 al so

apply to the, s an |ver ratus (04 oT' 15 The
sel ection di OB g&ﬁyé égp\ﬂﬂf’ %&Y%Ir??l?%?%§wi?gst

ant enna 184, FIGhe7.second ant enna 116 and first receiver 126 (each shown in
FIG 1) as well a second C 6_and a 708,

recei ver 706 genej'glel ?‘%ﬂh‘g’é@ %@ ep%ﬁﬁ"ss i@% eria.}lyst.ﬁcliﬁ%zsq:glgei ver
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same as the &grong reseiver 7(06egemqr§1ﬂy ircludes the sameplements apthe firstri G 1.

20 receiver 126, as shown in FIG. 1. The second receiver 706 produces a
demodulated signal at line 714, and a RSSI at line 716, an fRSSI at line 718,
and a ratio Bc/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.

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

30 switch 708 also receives a control signal at line 722 from the controller 108.
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
second receiver 706 is routed to the controller at line 724. Therefore, in
operation the controller 108 controls the selection diversity receiver

35 apparatus 704 responsive to the ratio of Ec/Io, the fRSSI, or both the ratio
of Ec/Io and the [RSSL

FP




Therefore, no additional explanation is given here. 25 I n addition
to the signals received fromreceiver 126, the controller 108 receives the
RSSI at line 716, the [err] at line 718, and the ratio [err] at |ine 720.
The switch receives at a first term nal the denodul ated signal (Dx) at line
140 fromthe first receiver 126 and at a3gecond input term nal the

denodul ated signal (Dx) at line 714 fromthe second receiver 706. The 30
switch 708 al so receives a control signal at line 722 fromthe controller
108. The control sihgnaperafidnoofnthealadioveabiuriber hmitl 20D dedpamsivestogthe at | i ne
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20 signal 156. The integrator 130 of the first receiver 126 integrates the first
RSSI of the composite RF signal 156 over a plurality of the chips to
produce a first JRSSI 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

25 718 of the composite RF signal 156. The controller 108 selects either the
first demodulated signal at line 140 or the second demodulated signal at
line 714 responsive to at least one of the first JRSSI at line 144 of the
composite RF signal 156 and the second JRSSI at line 718 of the composite
RF signal 156.

30 The third general embodiment, now described with reference to
FIGs. 8-11, describes another method for controlling a diversity receiver
apparatus in a radio subscriber unit. The diversity receiver receives either
a first radio frequency (RF) signal modulated by a digital modulation
method or a second RF signal modulated by an analog modulation

35 method. In one embodiment, the controller controls the diversity
receiver responsive to a first diversity algorithm when the diversity




the second receiver 706 integrates the second RSSI of the conposite RF
signal 156 over a plurality of the chips to produce a second [err] at |ine
25 718 of the conposite RF signal 156. The controller 108 selects either
the first denodul ated signal at Iine 140 or the second denodul ated signal
at line 714 responsive to at |east one odgthe first JRSSI at |ine 144 of
the conposite RF signal 156 and the second [err] at line 718 of the
conposite RF signal 156. 30 The third general enbodi nent, now
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FIG 10 15 Prior ar® 2 20

Tabl e 2 The radi o criber unit of tlie prior art, as shown in Table 1,
uses only one diversity algorithmoperating responsive to only one received
i nformati on set. lI"';(E-l%ally, the only oRe received informatilon set is an

FIG. 10 2 2
20 Table 2

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

25 estimate of the received signal strength indication (RSSI). Typically, the
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

30 more diversity algorithms responsive to only one received information
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.
The radio subscriber unit of FIG. 10, as shown in Table 1, uses two or more
diversity algorithms responsive to two or more received information sets,

35 respectively.



25 estimate of the received signal strength indication (RSSI). Typically,
tthe only one diversity algorithmis used to control a diversity receiver
apparatus enbodied within a radi o subscriber unit adapted to receive a RF
si gnal nodul ated by an anal og nodul ati on nethod. The radi o subscri ber unit
of FIG 8, as shown in Table 1, uses twoggr 30 nore diversity algorithns
responsive to only one received information set. The radi o subscriber unit
of FIG 9, as shown in Table 1, uses only one diversity algorithm

responsive to two HIG.Billshatd! a/Blck i ﬂmwaraaiosﬁsm_so@cihemﬂhgwi ber

unit of FIG 10,,as.shown jn, Table 1, uses twp re djversjt orithms
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appar at us 812composite RF signal 868 includes a desired RF signal 810 mo<¥u1ated by a
20 second modulation method 806 and interfering signals 864. The controller
814 controls the diversity receiver apparatus 812 responsive to a first
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
25 receives the second RF signal 810 modulated by the second modulation
method 807. The controller 814 controls the diversity receiver apparatus
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
30 first RP signal 808 modulated by the first modulation method 805, and a
second received 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 first diversity
algorithm 834 operates responsive to the first received information set 835
35 and the second diversity algorithm 836 operates responsive to the second
received information set 837.




25 receives the second RF signal 810 nodul ated by the second nodul ati on
met hod 807. The controller 814 controls the diversity receiver apparatus
812 via one or nore control signal lines 842. In the preferred enbodi nent,
the diversity receiver apparatus 812 produces a first received information
set 835 responsive to receiving the 30 B88rst RF signal 808 nodul ated by
the first nodul ati on nethod 805, and a second received information set 837,
different fromthe first received informati on set 835, responsive to
receiving the sechmth&prefegrea ebodiment dteeﬁr&iyretéwedenﬁmﬁnmﬁb@iubet B35
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modul ated byt heg the RSSI to optimize the control of the diversity receiver apparatus
20 operating in different radio systems.

The controller 814 determines whether the radio subscriber unit 802
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
25 selection algorithm or by responding to an input from the user of the
radio subscriber unit 802.

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

30  described in the background of the invention of the present disclosure and
is shown in FIG. 1, for example. Alternatively, the diversity receiver
apparatus 812 may be a selection diversity receiver apparatus 704. A
selection diversity receiver apparatus 704 is generally described in the
background of the invention of the present disclosure and is shown in

35 FIG. 7, for example. Purther, the diversity receiver apparatus 812 may also
be a maximal ratio combining diversity receiver apparatus 844. A
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second nodul ati on met hod 807 based on a predeterm ned system 25 selection
algorithmor by responding to an input fromthe user of the radio
subscriber unit 802. In the preferred enbodi nent, the diversity receiver
apparatus 812 is a switched antenna diversity receiver apparatus 106, as
shown in solid lines. A switched antennagdi versity receiver 106 apparatus
Is generally 30 described in the background of the invention of the
present disclosure and is shown in FIG 1, for exanple. Aternatively, the
di versity renaximnalampior edmbir8dg diversity mcavbeappamtdsﬁééss nemilyi ver
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Mil tiple Accensduldidh nidHul B070Ray e ® decorik hARMEImodiullatidA Yiethod,

different from the first analog modulation method.

20 The digital modulation methods may include, for example, Code
Division Multiple Access (CDMA) modulation methods, Time Division
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

25 modulation method may include, for example, Advanced Mobile Phone
System (AMPS) modulation methods, Narrowband Advanced Mobile
Phone System (NAMPS), Total Access Communications System (TACS)
modulation methods, and Extended Total Access Communications
System (E-TACS) modulation methods.

30 In the preferred embodiment, the first modulation method 805 is a
digital modulation method, and, in particular, a CDMA modulation
method. In the preferred embodiment, the second modulation method
807 is an analog modulation method, and, in particular, an AMPS
modulation method.

35 A radio subscriber unit 802 that can communicate signals using a
first modulation method or a second modulation method is known in the




Mil tiple Access (E-TDVA) nodul ation methods, and d obal Systemfor Mbile
Communi cations (GSM nodul ation methods. The anal og 25 nodul ation method
may include, for exanple, Advanced Mobil e Phone System (AVPS) nodul ation
met hods, Narrowband Advanced Mbil e Phone System (NAMPS), Total Access
Communi cati ons System ( TACS) nodul ati on ngj hods, and Extended Total Access

Commruni cati ons System (E- TACS) nodul ati on nmet hods. 30 In the
preferred enbodinent, the first nmodulation method 805 is a digital
modul at i on nedtted,a dnal miodepadio subsuribet Wril/AThisdmeans, For erample, that Hhe
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nodul at i on

r r radi.o stemis 5
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advant age, a r| or rI di ver si celve aratus I n I Q subscrl ber
unit may be ogifbgcH %TBWéP%Y Qptigsizednasingonly lomer i r st RF

signal is nooﬂﬂverﬁt;rblgothhxﬁwiﬁhmcﬁﬂsﬁm Bafodilated bysthe' AFHt0 System
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diversity algorlt pe compat |

met hods. ~ Al t eigBal %nsay evesy P@tenéluaﬂyzi@rm hie secepitionr ofhthe secondrR signal.
conpr o se t Mgnder HRERRARRAIahER, THE sainkcsiid Hivesp ol M Ghap BmBly t e
first and the, ebceoggmggtlgigggtweer{ modulation methods. Alternatively, a prior art
20  radio subscriber unit may compromise the performance of the one
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.
25 The first diversity algorithm 834 and the second diversity algorithm
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
30 receiving a RF signal modulated by a CDMA modulation method. In the
preferred embodiment, the second diversity algorithm 836 is a
conventional diversity algorithm used for an AMPS modulation method.
In summary of the preferred embodiment as represented in FIG. 8,
the radio subscriber unit 802 is a radiotelephone subscriber unit. The
35 radiotelephone subscriber unit comprises the switched antenna diversity
receiver apparatus 106 and the controller 814. The switched antenna




received in order to work adequately with both the first and the second
rRodul ati on net hods, respectively. The present invention does not harmthe
RF signal received and does not need to nake these conproni ses. 25

The first diversity algorithm 834 and the second diversity algorithm 836
may each be well known in the art. In thgipreferred enbodi ment, the first
diversity algorithm834 is a unique CDVA élversity algorithmand is
described in the present application with reference to FIGs. 1- 7 FIGB 1-7
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836 when the swit recel ves the
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second RF si ¢hgdunlgnad qshata@tﬁrwlcwétéma system obutlaiso adapdts07.
Thus, the raﬁblpbrﬁﬂbﬁ%'d%ﬁ'trd!"!hé d@@&sﬂytreééiwr ﬂ%%ﬁ‘a?us 852 ae@rdingdto e the
dual - node cha %l Stqié &?fe %Cf\ rad Iso adapt.s its
operation to Qeg?ﬁt F Pfyﬁﬁ%%@r e&i‘?ﬁ%\g’ﬁ 4 !elifét@’oﬁeﬁf”ﬂﬁrt o the
sel ect ed Iodeapparatus $ialeo hastdiunl3hbde Eiypalsitivy e??ffeﬁllﬂpv@veiidmeh&;:rel ver 15
apparatus 81 ity to offer inproved receiver
per f or mance |W%ﬁ%dﬂbaéﬁgﬁ8%§%; 9 illustrates a block diagramof a
radi o system i ncl dlich@ :éhxsbatesra blmbdimgzramof agadioipystembinchiding auni t 902
as an alter n% gﬁﬁl?)@uucjl é‘r M&IH%E lﬁq* gm]hsg.h él%n.ﬁ& O

subscri ber unit commo nts en FI and
FIG 9 are | f&ebe fto the embodlment of th the ra 1o subscn er unit 8%2 of

20 FIG. 8. All common elements between FIG. 8 and FIG. 9 are labeled with
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

25 modulated by the first modulation method 805, and the second received
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

30 and the second received information set 837.

In the preferred embodiment, the controller 814 controls the
diversity receiver apparatus 812 responsive to the first diversity algorithm
834 operating responsive to the first received information set 835, and the
second diversity algorithm 836, shown in hatched lines, operating

35 responsive to the second received information set 837. In this case, the
second diversity algorithm 836 operates responsive to the second received



t he sanme reference nunbers and no further description will be given for
those sane reference nunbers. The diversity receiver apparatus 812 produces
a first received information set 835 responsive to receiving the first RF
signal 808 25 nodul ated by the first nodul ati on nmet hod 805, and the second
received information set 837, different fyomthe first received i nfornation
set 835, responsive to receiving the second RF signal 810 nodul ated by the
second nodul ation nethod 807. The controller 814 controls the diversity

recei ver appiafedniatiGd def s:smoizsaweaqmrmmf Thé €irbkt dﬁieréxeﬁ gorithinn 8g4 mat i on
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836, shown in hatc |nes operating 35 responsive to the second received
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oper at es resggfﬁhﬁ% tslztﬂégp&%eél@oméaw e%hﬁ t 837 via
dotted |ine The first ve rith 34 doegrﬁ oper at e
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reference to FI cont rol
t he diversit t p t gorithm
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83;1 oEerlé)u 7r sechades fijbrtbe@anterwcannpb; th@derersmyualgm&mﬂad set 835, .
and t he secq r gﬂgh ecei ve
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The. qual ity B0 1R ey, hfs%gre%%ée& %8 E@&r”%pe 8FERTlo of 8 WEREN rati o
of Ec/|dbor vdlaeRERSSITg[indidative af Highkb gni tude of the r at io of Ec/lo
hi rd enbodi ment AP SR e %B‘%ﬁhﬁéﬁ* P?J i Ap P e ity 7
modul ati on niex Kiel &abeafmt mzdisletmnmxﬂﬁmd 865 endrthetsecond medylasionh be
ei ther a di giefihodrB7nihy € ch{r%mgi”a @it 2hOGurBeH Rkt BERRhalby " t her,
the first mr(rjx%ld% "Ia.t?gn rlrneé 88urtﬁ£r, e first modulation method 805 and the
20 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
antenna diversity receiver apparatus 106. However, the diversity receiver
25 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
radiotelephone subscriber unit. The radiotelephone subscriber unit
30 comprises the switched antenna diversity receiver apparatus 106 and the
controller 814. The switched antenna diversity receiver apparatus 106
produces the first received information set 835 responsive to receiving the
first RF signal 808 modulated by the digital modulation method 805, and
the 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 analog modulation method 807. The controller 814




20 second nodul ati on nmethod 807 may each be different digital nodul ation
ret hods or different anal og nodul ati on nethods. Also, as with the third
enbodi ment of the radi o subscriber unit shown in FIG 8, the diversity
receiver apparatus is preferably a switched antenna diversity receiver
apparatus 106. However, the diversity reqgi ver 25 apparatus nmay al so be a
sel ection diversity receiver apparatus 704 or a maximal ratio conbining
diversity receiver apparatus 844. In summary of a preferred enbodi nent of
the fourth endomtdroleithe stvitchedradenns dlbmrmtjaereceivet apparamﬁs Eoﬁregoﬂsbﬂ: radi o
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20  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
modulation method 807 may each be either a digital modulation method
25 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,
shown in FIG. 8 and the fourth embodiment of the radio subscriber unit
30 902, shown in FIG. 9, the diversity receiver apparatus 812 is preferably a
switched antenna diversity receiver apparatus 106. However, the diversity
receiver apparatus 812 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 fifth embodiment of
35 the radio subscriber unit 1002 of FIG. 10, the radio subscriber unit 1002 is a
radiotelephone subscriber unit. The radiotelephone subscriber unit 1002
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second diversity algorithm 836 operating responsive to the second 20

rrecei ved i nformation set 837. As with the third enbodi nent of the radio
subscri ber unit 802, shown in FIG 8 and the fourth enbodi nent of the radio
subscriber unit 902, shown in FIG 9, the first nodul ati on nmethod 805 and
the second nodul ati on nmethod 807 nmay eachgbe either a digital nodulation
met hod 25 or an anal og nodul ati on nmethod. Further, the first nodul ation
nmet hod 805 and the second nodul ati on nethod 807 nmay each be different
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20 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
signals 864. The desired RF signal 808 is a direct sequence spread spectrum

25 (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

comprises a switched antenna diversity receiver apparatus 106 and a

30 controller 108. The switched antenna diversity receiver apparatus 106
produces a first received information set (fRSSI 144 and Ec/To 142)
responsive to receiving the desired RF signal 808 modulated by a code
division multiple access (CDMA) modulation method 805. The first
received information set (JRSSI 144 and Ec/Io 142) comprises a ratio (Ec/Io)

35 of the at least one coded pilot signal (Ec) to the first composite RF signal
(Io) and an integration of an estimate of a received signal strength




nunbers. In the sixth enbodi nent, the radi o subscriber unit 1102 is a dual
20 node cellul ar radiotel ephone subscriber unit. The dual node cellul ar
radi ot el ephone subscri ber unit 1102 receives one of a first conposite radio
frequency (RF) signal 866 and a second conposite RF signal 868. The first
conposite RF signal 866 includes a desirgg RF signal 808 and interfering
signals 864. The desired RF signal 808 is a direct sequence spread spectrum
25 (DSSS) signal. The DSSS signal includes at | east one coded pil ot signal
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appar at us 106148 eontrel linest 146 second 148 and third 150 15 control
| ines. The second diversity algorithm 834 controls the swi tched antenna

diversity receiver_apparatus 106 via the first 146 and the second
at is claimed is:




148 control lines. Wat is clainmed is: Cains 1. A radi o subscri ber
unit conprising: 5 a diversity receiver apparatus for receiving one
of : a—f+rst—radi-o-frequency (RF) signal nodul ated by a first nodul ation
met hod RF signal nodul ated by a second nodul ati on net hod; and
10 U!wgiamwmﬂor controlling thg diversity receiver apparatus
respon ¢ L Q. A diversity algorithmwhen the diversity receiver
apparatus receives the first RF signal nodul ated by the first nodul ation
met hod, and 15 - a second diversity algorithmwhen the diversity
recei ver apparatus receives the second RFE signal nodul ated by the second
nodul ati on nethod. 2. A radi o subscr nit according to claim1: 20
wherein the diversity receiver apparatus produces received information
responsive tp recegiyi - the first .RE signal nodul ated by the first
nodul ati on n€t hodfj?k %gﬁﬁgggﬁegnﬁﬁogtpdﬁgg‘mdul ated by the second

modul ati éh 25 net acdyersity reheivei appatdius fier féqe'mingiamreg:/t y al gorithm and
the second diversity a %@&@E}g}, i i.ved

i nformation. 7 .3. i‘g,%?ﬂ!r 10,S scﬁgﬁ?ﬁgﬁ?ﬁg@}%@ﬁ.&t%?ﬁgi m 1:
wherein the B afien m@@’&cﬁleﬂmhppar atus produces: a first received

information set respongisgorid RFesighil modulleted By & Secdiid mahalatioRdul at ed by
the first rmdultﬁ‘jlgé;on_ thod, and a second recei'ved i nformati on set,

di fferent frB t received information set, responsive to receiving
the secdld RF si gaabntroller for controlling the diversity receiver apparatus

responsive to:

a first diversity algorithm when the diversity receiver
apparatus receives the first RF signal modulated by the first modulation
method, and |

15 - a second diversity algorithm when the diversity receiver
apparatus receives the second RF signal modulated by the second
modulation method.

2. A radio subscriber unit according to claim 1:
20 wherein the diversity receiver apparatus produces received
information responsive to receiving one of:
the first RF signal modulated by the first modulation
method, and :
the second RF signal modulated by the second modulation
25 method; and o
wherein both the first diversity algorithm and the second diversity
algorithm operate responsive to the received information.



nodul at ed by the second nodul ati on nethod; and wherein the first diversity
&l gorith ive to the first 10 received information set and
t he secomlmuﬁllmlluﬂﬂmgmi t hm operates responsive to the second received

i nformati oh set.* 4 fA tadio subscriber unit according to claim1: wherein
the first nodul ati on nethod further conpiizses a digital 15 nodul ation

nmet hod; and wherein the second nodul ati on nethod further conprises an

anal og nodul ati on met hod. 5. A radi o subscriber unit according to claim
1. 20 wherein the first nodulation method further conprises a first

digital modulqtion &p@ ¥\/ﬁ§§e dul ati on net hod further
conprises a second‘a%i:sh&fg‘l'l |toén&°hpﬁ§§80£%rﬁgnt fromthe first
digital nodul ati onWhét'ﬂm e iversity raceiyer eppatatus preduces: t accordl ng to
claim1: wherein the f'é?ﬁsﬁ*@éﬂv@ﬁ'ﬂ@oﬁﬁiﬁi‘@ﬁ sE{=l éé%hsﬁ&”@f fthgst

anal og rm%ul i@owt hg_gma(ﬁ@ %grel n bﬁse se u ORI tthhd furtther

conpri ses FL‘-’FE mthe firs

\emal og m)ﬁul gt i on net hoalsedbnd rekeivad mfenhationhsef diffietergcfeomdthegfitst cl aim 1
erein the r ORMI witg

ant enna di ver1l§C K{Y%F‘ %‘fﬁgl\%{égﬁ%@ se@%g%‘%ﬁie ftg &%g{nél% e éeéﬁf“?é ﬁfﬁ‘?ﬁ. ber

uni t accor di mpodulatediby thesssosidrmpdelatiorensithgdy eeed ver apparatus furt her

conprises a sel ect \?‘e?%i

subscri ber unit acéggirQ dﬁg *ﬁ\gﬁ??’%m? ltzl\/r%ié %?éda t\(/aérresrsl%[o;\s %‘ﬁéc%&\%é)mﬂ

appar at ud% urieseivedoimpimation, sehandnthe ﬁﬁ@'@l&d ééYﬁ}'ﬁKYrég‘éﬁlﬂBﬁﬂmaﬁeécel ver

apparat us. 10res?6n.§1%'t© theleeshd Seceibed ififsrardtiomset, 10 a diversity
recei ver apparatus for producing: a first received information set

responsive to receiving a first radio frequency (RF) signal nodul ated by a
first nmodul at4.on nAttadib salstriber unit according to claim 1:

wherein the first modulation method further comprises a digital
15 modulation method; and
wherein the second modulation method further comprises an
analog modulation method.

5. A radio subscriber unit according to claim 1:
20 wherein the first modulation method further comprises a first
digital modulation method; and
wherein the second modulation method further comprises a second
digital modulation method different from the first digital modulation
method.

6. A radio subscriber unit according to claim 1:
wherein the first modulation method further comprises a first
analog modulation method; and
wherein the second modulation method further comprises a second
30 analog modulation method different from the first analog modulation
method.

7. A radio subscriber unit according to claim 1 wherein the diversity
receiver apparatus further comprises a switched antenna diversity receiver
35 apparatus.



a second received information set, different fromthe first received
Pnformati on set, responsive to receiving a second RF signal 15 nodul ated

by a sec i on nmethod; and a controller for controlling the
di versitg H tus responsive to one of the first received
informati o L econd received goformation set. 20 11. A dual

node cel | ul ar radiotélebhone subscri ber unit for receiving one of a first
conposite radio frequency RF signal (lo) and a second conposite RF signal,

wherein the 8irst Aceio subscritfersiugip abedrdihg 48 elaiml 1 wWHerdbthicedividrsisy gnal
and interferjng.signals mrﬁ{rﬁiln t he desi re%&osi nal .is a direct 'sequence
spread spect¥s¥ V(eﬁ%é’@aréﬁlﬁ CERHEPAPHSEH2 8 Ei‘gXEWSIQ’SreCFW@F udes at

| east one coajppanathiot signal (Ec), and wherein the second conposite RF
signal includes a second desired RF signal and interfering signals, the
dual node cel I ul ar radi ot el ephone subscriber unit conprising: a swtched
ant enna d ve?Psi t yAradio subseriherrwnif aceonding éei glaimgl whearpinsthe siyl

i nformation fé?:bi‘fe@sﬂgih&hﬁ% FRMRECRIMpHSed Benddmdli fatio M%%%igﬁrsiﬂuy?nm

including the first "desired RF signal nodul ated by a code divTsi tiple
access ( CDMACCEBIESI2RRAM et hod, wherein the first received information set

conprises a ratio [err] of the at |east one coded pilot signal (Ec) to the
first conposjte Rk si I nd. |.ntegration of an estinmate of a
recei ved si g?ﬁéﬂ sﬁ%ﬁg%tﬁb%%ﬁ?%%f?%ﬁ%@#ﬁ%%g% first conposite RF signal
[err] antd 49 aashbiversityrreceiverdppafainsdor prodwting:di fferent fromthe first
received information set ?1&@%% |y : ' RF
signal including the sgcfgrslfj? esl reg‘ﬁﬁ@?@%&ﬁg&‘f‘%&%%%%@%%w
modul at i on ntadiedrequancy; (RH) eaﬁéﬂaéegi bye firsirmppdulation methed, adpri ses
an est![mt %Fof_a recei }ég@céﬁ&@ééeiﬁéd%ﬂirﬂtt ||éﬂw%§é;a§%@ﬁfml' &?ﬁm'c_t hed
conposite si gna] . ...and a controller for controlli e.sw tche
ant b i verSEGEY ittorpation st SeReRHYe forerving 8 Seconsl P alenalsi 1y

al gori t htb opmicatulatpdr by posexbnd modulatidn nethdd); andbcei ved i nformati on set,
and a second di ver sl Hed b} LBM-ORRIL S GV ESRY NoletFer Spbitaagcond

recei ved information se ) . i .
responsive to one of the first received information set and the second

received information set.

20 11. A dual mode cellular radiotelephone subscriber unit for receiving
one of a first composite radio frequency (RF) signal (Io) and a second
composite RF signal, wherein the first composite RF signal includes a first
desired RF signal and interfering signals, wherein the desired RF signal is
a direct sequence spread spectrum (DSSS) signal, wherein the DSSS signal

25  includes at least one coded pilot signal (Ec), and wherein the second
composite RF signal includes a second desired RF signal and interfering
signals, the dual mode cellular radiotelephone subscriber unit comprising:

a switched antenna diversity receiver apparatus for producing:
a first received information set responsive to receiving the

30 first composite RF signal including the first desired RF signal modulated
by a code division multiple access (CDMA) modulation method, wherein
the first received information set comprises a ratio (Ec/Io) of the at least
one coded pilot signal (Ec) to the first composite RF signal (Io) and an
integration of an estimate of a received signal strength indication of the

35 first composite RF signal (JRSSI), and
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a second received information set, different from the first
received information set, responsive to receiving the second composite RF
signal including the second desired RF signal modulated by an analog
modulation method, wherein the second received information set

5 comprises an estimate of a received signal strength indication of the
second composite RF signal (RSSI); and
a controller for controlling the switched antenna diversity receiver
apparatus responsive to:
a first diversity algorithm operating responsive to the first
10 received information set, and

a second diversity algorithm operating responsive to the

second received information set.



