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present invention relates generally to radi o subscriber units an
particularly, to a nmethod for controlling a diversity receiver aﬁﬁ@g{us in
~a radi o subscriber unit. 10 Background of the Invention Radio systens
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Radio systems provide users of radio subscriber units with wireless
communications. A particular type of radio system is a cellular
15 radiotelephone system. A particular type of radio subscriber unit is a
- cellular radiotelephone subscriber unit, sometimes referred to as a mobile
station. Cellular radiotelephone systems generally include a switch
controller coupled to a public switched telephone network (PSTN) and a
plurality of base stations. Each of the plurality of base stations generally
20 defines a geographic region pfoximate 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.
h 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 particular, employs two or more antennas that are physically spaced
'~ ° apart by a distance related to the wavelength. In a space diversity system, a
transmitted signal travels by slightly different paths from the transmitter
to the two antennas at the receiver. In addition, there may be reflected
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



apart by a distance related to the wavel ength. In a space diversity system
a transmtted signal travels by slightly different paths fromthe
~transmtter to the two antennas at the receiver. In addition, there nay be
-~ reflected paths, where the transmtted signal received by each antenna has
also 35 traveled by different paths fromthe transmtter. Experience has
shown that when the reflected path causes f2ading by interference with the
2 transmitted signal, the two received signals nmay not be sinultaneously
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detai |l ed conpar three diversity systens is described in "On
the optim zati Shﬁgﬂﬁgn H}%&gw tched diversity receivers" by Zdunek et al,
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programmed therein for controlling the diversity system. A detailed
comparison of these three diversity systems is described in "On the

optimization of simple switched diversity receivers" by Zdunek et al, 1978

15 IEEE Canadian Conference on Communications and Power, Montreal,
Canada and "Performance and optimization-of switched diversity
receivers” by Zdunek et al, IEEE Transactions on Communications, Dec.
1979. A brief description of these three diversity systems is now provided.

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



1979. A brief description of these three diversity systens i s now provided.
SAD enpl oys two antennas coupled to a-single receiver through a 20 single
pol e, double throw radio frequency (RF) switch. A controller sanples the
signal received fromeach antenna to couple only one of the two antennas to
the receiver at a tine. SD enploys two antennas and two receivers, wherein
each antenna is coupled to its own receiverd The receiver with the highest
baseband 25 signal to noise ratio (SNR) is selected to be the denodul at ed
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10 power of each user over such a wide bandwidth (1 - 50 Mhz) that the
power per unit bandwidth, in watts per hertz, is very small.

Frequency-hopping systems achieve their processing gain by
avoiding interference, whereas-the direct sequence systems use an
interference attenuation technique. For DSSS, the objective of the receiver

15 is to pick out the transmitted signal from a wide received bandwidth in
which the signal is below the background noise level. The receiver must
know the carrier frequency signal, type of modulation, pseudorandom
noise code rate, and phase of the code in order to do this, since signal to
noise ratios are typically minus 15 to 30 dB. Determining the phase of the

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. Furthermore, 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




5 nechani sm by which the bandw dth occupied by a transnmtted signal is
much greater than the bandwi dth required by a baseband information signal.
Two categories of spread spectrum communi cations 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 wide bandwidth (1 - 50 Mhz) th#& the power per unit bandw dth,
in watts per hertz, is very small. Frequency-hopping systens achi eve t hei r
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receiving end ser
: mo 11e station. The performance improvement provided by these extra

15 rake fingers can approach the performance of MRCD by optimally
exploiting resolvable delay spread and soft handoff. Unfortunately, field
tests have measured only a small percentage of time where there is
significant resolvable delay spread and both theory and simulations have
shown soft handoff enhancement to be over a very limited amplitude

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



circuit is used. There are two feedback | oops, one for |ocking onto the
correct code phase and the other for tracking the carrier. For code phase

| ocki ng, the code clock and carrier frequency generator in the receiver are
35 adjusted so that the locally generated code noves back and forth in time
relative to the incom ng received code. At the point which produces a 4
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FIG. 1 illustrates a block diagram of a radio system including a first
embodiment of a radio subscriber unit.
" FIG. 2 illustrates a flowchart describing the operation of the radio

15 subscriber unit of FIG. 1.

FIG. 3 illustrates a flowchart further describing a portion of the
flowchart of FIG. 2.

FIG. 4 illustrates a flowchart further describing a portion of the
flowchart of FIG. 3. |

20 FIG. 5 illustrates graphs of probability distribution functions at
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. ;

25 FIG. 7 illustrates a block diagram of a radio system including a
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.

30 FIG. 9 illustrates a block diagram of a radio system including a
fourth embodiment of a radio subscriber unit as an alternative
embodiment to the third embodiment of the radio subscriber unit of FIG.
8.

35



shown soft handoff enhancenent to be over a very limted anplitude 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 franme error rate (FER) occurrences éS are correl ated. \Wereas
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5 Accordingly, there I1s a nee or a nobile station having a nethod
for controlling a diversity receiver apparatus in a radi o subscriber unit

t hat Three general embodiments described hereinbelow are first briefly

summarized for the sake of organization and understanding. The three

embodiments may be implemented independently or combined in any "
15 way to achieve a desired result. Thus, there are several possible
combinations of the three general embodiments. Many more specific
combinations are possible considering the particular features of each of the
three general embodiments described hereinbelow.
A first general embodiment, described with reference to FIGs. 1-6,
20  describes a radio subscriber unit inchiding a switched antenna diversity
receiver apparatus and a method for controlling the same. The radio
subscriber unit includes a controller and the switched antenna diversity
receiver apparatus having a first antenna, a second antenna, and a
receiver. The controller selectively couples one of only the first antenna to
25 the receiver, only the second antenna to the receiver, and both the first
antenna and the second antenna to the receiver responsive to a received
signal generated by the receiver. '
A second general embodiment, described with reference to FIGs. 1-7,
describes a method for controlling a diversity receiver apparatus in a radio
30 subscriber unit. The radio subscriber unit includes a controller and the
diversity receiver apparatus having a first antenna and a second antenna.
The controller controls a selected state of the first antenna and the second
antenna responsive to at least one of: a ratio (Ec/Io) of the coded pilot
signal (Ec) to the received signal strength of all received signals (Io) and an
35 integration of the received signal strength indication (fRSSI) of the
received signal.



overcones the di sadvantages of the prior art and works well in DSSS
systems. 10 - Brief Description of the Drawings FIG 1
. illustrates a block diagramof a radio systemincluding a first enbodi nent
of a radio subscriber unit. FIG 2 illustrates a flowhart describing the
operation of the radio 15 subscriber unit of FIG 1. FIG 3 illustrates a
flowchart further describing a portion of the flowchart of FIG 2. FIG 4
::II IGusgratZes a flowchart further descrlbl ng a portion of the flowchart of
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second diversity algorithm when the diversity receiver receives the

10 second REF signal modulated by the analog modulation method. In
another embodiment, the controller controls the diversity receiver

responsive to a first received information set when the-diversity receiver
receives the first RF signal modulated by the digital modulation method,
and responsive to a second received information set when the diversity
15 receiver receives the second RF signal modulated by the analog
modulation method. "
Beginning now with the figures, FIG. 1 illustrates a block diagram of
a radio system 100. The radio system generally includes a radio subscriber
“unit 102 and a base station transceiver 104. The radio subscriber unit 102
20 generally includes a switched antenna diversity receiver apparatus 106, a
controller 108, a user interface unit 110, and a transmitter 112. The
switched antenna diversity receiver apparatus 106 generally includes a first
antenna 114, a second antenna 116, a first switch 118, a second switch 120, a
third switch 122, a load 124, and a receiver 126, a-first bandpass filter 133, a
25 first pre-amplifier 135, a second bandpass filter 137, and a second pre-
amplifier 139. The receiver 126 generally includes a demodulator 128, an
intermediate frequency (IF) processor 141 including a received signal
strength (RSSI) determiner 129, an integrator 130, a downconverter 155, a
first analog to digital converter (ADC) 157, and a second analog to digital
30 converter (ADC) 170. The block diagram of the radio subscriber unit 102 is
simplified in order to facilitate the understanding of the present
invention. Practically, the radio subscriber unit 102 also includes many
other blocks and connections, as is well known to those skilled in the art.
In the radio subscriber unit 102, the first antenna 114 is coupled to
35 the first bandpass filter 133. The first bandpass filter 133 is coupled to the
first pre-amplifier 135. The first pre-amplifier 135 is coupled to the first



6 FIG 10 illustrates a block diagramof a radio systemincluding a fifth
enbodi nent of a radi o subscriber unit as an alternative enbodi nent to the
~third and fourth enbodi nents of the radio subscriber unit of FIGs. 8 and 9.
S FIG 11 illustrates a block diagramof a radio systemincluding a
radi o subscriber unit incorporating the first enbodi ment of the radio
subscriber unit of FIG 1 and the third entbdi ment of the radio subscriber
unit of FIG 8. 10 Det ai | ed Description of the Preferred
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to the recel VerThreersé%gl%séld ISFt fgnal ﬁme ﬁﬂ; is coupled to an mpudtﬂffl?he
- downconverter 155 for producing a received signal (Rx) at line 153. The
received signal at line 153 is coupled to the IF processor 141. The IF
processor 141 produces an IF signal at line 143 and a RSSI at line 132. The
15 IF signal at line 143 converted from an analog signal to a digital signal at
line 159 by the A/D converter (ADC) 157. The demqdulator 128 receives
the digital signal at line 159 and produces a demodulated signal (Dx) at line
140. The demodulator 128 also produces a ratio (Ec/Io) at line 142
indicative of the pilot power (Ec) to all received signal power (Io). The
20 second A/D converter (ADC) 170 converts the received signal at line 153
from an analog signal to a digital signal at line 138. The integrator 130
receives the digital RSSI at line 138 and produces an integrated RSSI d
RSSI) at line 144. 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 are provided to
25 the controller 108. ' o
The controller 108 is coupled to receive the RSSI at line 138, the
demodulated signal (Dx) at line 140, the | RSSI at line 144, and the ratio
Ec/Io at line 142. The controller 108 generates the first control signal at
line 146, the second control signal at line 148, and the third control signal
30 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.
The user interface unit 110 generally includes, for example, display,
35 a keypad, an earpiece, a microphone, as is well known in the art.




signal generated by the receiver. A second general enbodi nent, described
with reference to FIGs. 1-7, describes a nethod for controlling a diversity
- receiver apparatus in a radio 30 subscriber unit. The radi o subscri ber
unit includes a controller and the diversity receiver apparatus having a
first antenna and a second antenna. The controller controls a sel ected
state of the first antenna and the second &htenna responsive to at | east
one of a ratio (Ec/lo) of the coded pilot signal (Ec) to the received
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frequency (RF) signal™QBEARA g yadiofysiem, N APEiateR 28 ogv
second RF s§ gnTheBagddlstdtisn bnarsﬁeﬁtéﬁllog condhinicates withhihe. radio subscriber

enbodi nent, the_co oIIer rols t y c to a
first diversity™d ?Y‘Fﬁﬁ %%nﬁyggfgc#ﬁ I%ellégsr (Lfﬁe/egéll es t elﬂ?{ﬁftr st RF
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embodi ment, t hﬂtemhemerbr Tb@ hese stationetranseeiver; 104, ransmpis a a
first recewed( gﬂBItlsm ‘Tﬁér%ﬁf‘sdﬁs%béfﬁﬁ{tsl@’reééi%sueﬁrsf ecel ves the

first RE sl gnalr:epresen’ca’aon ﬂSYS op ﬁledkﬁ Isig%lal rIgg té (s)gcomg représentahon 160 of
the RF signal 156. The radio subscriber unit 102 also generates a transmit
signal 162 for receipt by the base station transceiver 154. -
The radio system 100 generally describes any communication
15 system operating over RF channels. Radio systems intended to be
included within the scope of the present invention include, by example,
cellular radiotelephone communication systems, two-way radio
communication systems, and personal communication systems (PCS).
In the preferred embodiment, the radio system 100 is a cellular
20 radiotelephone communication system. Types of cellular radiotelephone
communication systems intended to be within the scope of present
invention include, by example, Direct Sequence - Code Division Multiple
Access (DS-CDMA) cellular radiotelephone communication systems,
Global System for Mobile Communications (GSM) cellular radiotelephone
25 systems, North American Digital Cellular (NADC) cellular radiotelephone
systems, Time Division Multiple Access (TDMA) systems, and Extended-
TDMA (E-TDMA) cellular radiotelephone systems. GSM systems have
been adopted across Europe and in many countries for the Pacific rim.
GSM uses 200 kHz channels with 8 users per channel using TDMA, and
30 has a vocoder rate of 13 kbits/s. NADC systems use 30 kHz channels, three
users per channel, and have a vocoder rate of 8 kbits/s. E-TDMA also uses
30 kHz channels, but has 6 users per channel with a vocoder rate of 4
kbits/s.
In the preferred embodiment, the cellular radiotelephone
35 communication system is a DS-CDMA cellular radiotelephone
communication system. The standard for this system is disclosed in



and responsive to a second received information set when the diversity 15
recei ver receives the second RF signal nodul ated by the anal og nodul ati on

- method. Beginning nowwth the figures, FIG 1 illustrates a block di agram
- of a radio system 100. The radio systemgenerally includes a radio
subscriber unit 102 and a base station transceiver 104. The radio

subscri ber unit 102 20 generally i ncl udes18 switched antenna diversity
recei ver apparatus 106, a controller 108, a user interface unit 110, and a
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element | rate (seconds) | rate (symbols) comments

chip 1.2288 Mchip/s A Tx bit is called a "chip"
symbol |19.2ksym/s 64 chips/symbol | Intermediate stage bits are

: | "symbols"
bit 9.6 kbit/s 2 symbols/bit | Convolutional coder is rate 1/2
PCG 800 PCG/s 24 symbols/PCG | Power Control Group
frame 50 Hz 192 bits/frame Primary data is a "bit"

Table 1

15 ' . _ :

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

20 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.

25 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



switch 118. The second antenna 116 is coupled to the second bandpass filter
137. The second bandpass filter 137 is coupled to the second pre- anplifier
139. The second pre-anplifier 139 is coupled to the second switch 120. The
| oad 124 is coupled to the third swtch 122. The first 5 switch 118, the
second switch 120, and the third switch 122 are each coupl ed together at a
single point at line 145 at an input to thélreceiver 126. The first switch
118 receives a first control signal at line 146. The second switch 120
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ratio _ quadrature phase shift keying (QPSK) modulation that has been filtered to
15  limit the bandwidth of the signal. _
When a transmitted signal is received by the radio subscriber unit
102, the coding is removed from the desired signal, returning it to a data
rate of 9600 bit/s. When the coding is applied to the other users’ codes,
there is no despreading; the received signal maintains the 1.2288 Mhz

20 band width. The ratio of transmitted bits or chips to data bits is the coding

- gain. Coding gain for an DS-CDMA system according to the IS-95 Standard
is 128, or 21 dB. Because of this coding gain of 21 dB, interference of up to
18 dB above the signal level (3 dB below the signal strength after coding
gain) can be tolerated for a static channel.

25 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
known in the art, such as, for example, a vehicular mounted unit, a

30 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.

The operation of the first general embodiment of the radio

35 subscriber unit 102 is now generally described. In general, the radio

subscriber unit 102 includes the first antenna 114, second antenna 116, the

=




Ec/1o at line 142. The controller 108 generates the first control signal at
line 146, the second control signal at line 148, and the third control
~signal 30 at line 150. The controller 108 generates information for
transmssion at |ine 152. The controller 108 transmts user interface
information to the user interface unit 110 at line 154 and al so receives
user interface information fromthe user i #2erface unit 110 at |ine 154.
The user interface unit 110 generally includes, for exanple, display, 35 a

keypad, an ear bl &fer AT AHIIWAer!1B6" e KAWL adiphed to rbodive
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In the preferred embodiment, the switched antenna diversity
receiver apparatus 106 in the radio subscriber unit 102 has two antennas
15 114 and 116. However, more than two antennas may be incorporated into
a diversity receiver apparatus in the radio subscriber unit 102 as is well
known to those skilled in the art. The first antenna 114 and the second
antenna 116 generally include any antenna that can receive and/or
transmit RF signals. In the preferred embodiment, the first antenna 114
20 and the second antenna 116 are dipole antennas having a wave length of
one-half lamda. The proper location, spacing, orientation, etc., of the first
antenna 114 and the second antenna 116, within the radio subscriber unit
102 is well known to one of ordinary skill in the art. The first antenna 114
may be located in a flap element of a portable telephone as is well known
25  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
114 is considered an auxiliary (or alternate) antenna that enables the

30 receiver diversity function. The transmitter 112 is not coupled to the first
antenna 114. -

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

35 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



I ncluded within the scope of the present invention include, by exanple,
cetl ul ar radiotel ephone comuni cati on systens, two-way radi 0 comruni cation
- systens, and personal conmmunication systens (PCS). In the preferred

enbodi nent, the radio system 100 is a cellular 20 radiotel ephone

comuni cation system Types of cellular radiotel ephone comuni cation
systenms intended to be within the scope of 1%resent I nvention include, by
exanpl e, Direct Sequence - Code Division Miltiple Access (DS-CDVA) cellular
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e analog to digital (A/D) converter 157 samples the IF signal at
line 143 at a multiple (8X) of the chip rate. In the preferred embodiment,
the energy of the received signal at line 153 has been split into in-phase (I)
- and quadrature-phase (Q) components which is normally over-sampled by
15 an A/D converter pair. An example of an A/D converter suitable for use
in the preferred embodiment is a CDX1172 manufactured by Sony Corp.
The demodulator 144 is generally well known to those skilled in the
art. In the preferred embodiment, the demodulator 144 includes a
despread operation, I-Q demodulation, synchronization, rake fingers, de-
20 interleaving, convolutional decoding of the data and the ratio Ec/Io
determination. In the preferred embodiment, the demodulator 144 is a
digital DS-CDMA demodulator embodied within an application specific
integrated circuit (ASIC) as described in "CDMA Mobile Station Modem
ASIC", Proceedings of the IEEE 1992 Custom Integrated Circuits
25  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.
The second A/D converter 170 produces samples at the ch1p rate.
An example of the second A/D converter 170 suitable for use in the
30 preferred embodiment is a CDX1175 manufactured by Sony corp. The
RSSI data at line 138 may be determined using only one or both of the I-Q
components of the received RF signal 145.
The integrator 130 provides for multi-sample smoothing of the
RSSI data at line 138. It can be performed by dedicated hardware, as
35 shown, or by a software algorithm in the controller 108.




1993 (hereinafter referred to as the "1S-95 Standard"), herein incorporated

bysreference. 5 In the 1S 95 standard, a nonenclature is given for
the nanming of data elenments within the radio subscriber unit (i.e. the
: nobile station receiver). Table 1 below illustrates the tinmng

rel ati onshi ps between various data el errenti in a CDVA radi o subscriber unit
102. In the preferred enbodi nent, the RSSI $ut put of the A/D converter 170
(see FIG 10 1) are sanpled at the chip rate while the [err] RSSI and the
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evel of inter er al at d14%y AR Second Wittt Oc%?fptlec? 16 the second antenna 116,
the receiver 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 controller 108 is coupled to the first switch 118 and the

15 second switch 120 and generates the first control signal at line 146 and the
second control signal at line 148 responsive to the received signal at line
153. The controller 108 controls the first switch 118 via the first control
signal at line 146 and the second switch 120 via the second control signal at
line 148 to selectively couple to the receiver 126 one of: only the first

20 antenna 114, only the second antenna 116, and both the first antenna 114
and the second antenna 116.

In the preferred embodiment, the first switch 118, the second switch
- 120 and the third switch 122 are typically field effect transistors (FETs)
formed in an integrated circuit (IC). .The switching of the FETs is done by

25  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
transmit path.

30 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
off when the corresponding switch, in series with the pre-amplifier, is

35 opened. This helps reduce current drain and improve isolation when the
corresponding antenna is not selected.

D




25 The DS- CDVA cel | ul ar radi ot el ephone communi cati on system may be
divided into sectors or coverage areas as is well knowin the art. In a

DS- CDVA system the frequencies for conmunication are reused in every sector
of every cell, and nost of the interference on a given frequency as seen by
the radi o subscriber unit 102 is fromcells_outside that which the radi o
subscriber unit 102 resides. The residual Mterference on a gi ven frequency
seen by the radi o subscriber unit 102 is fromthe user traffic fromwthin

the same cell on thaggiiE fHRANARSWIlHCTIY, HE sHGIY Bilchaoeaha the third
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rved signal maintains the 1.2288 Mhz
The selective coupling of the first antenna 114 and the second

antenna 116 to the receiver are defined as selected states. In the preferred
embodiment, there are three selected states. In the preferred embodiment,

15 the first selected state occurs when only the first antenna 114 is coupled to
the receiver 126. In the preferred embodiment, the second selected state
occurs when only the second antenna 114 is coupled to the receiver 126. In
the preferred embodiment, the third selected state occurs when both the
first antenna 114 and the second antenna 116 are coupled to the receiver

20 126. Of course, the description of the selected states is arbitrary and not
limited to the assigned antenna configurations just defined.

An advantageous feature provided by the radio subscriber unit 102
is the three selected states of the first antenna 114 and the second antenna
116. In the prior art, only two selected states are possible. In the prior art

25  the two selected states are typically 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
to the receiver. The prior art does not disclose a third selected state

30 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
control the selected states of the first antenna 114 and the second antenna

35 116. The prior art traditionally uses a simple level of received signal



20 band width. The ratio of transmtted bits or chips to data bits is the
codi ng gain. Coding gain for an DS- CDVA system according to the | S-95
Standard is 128, or 21 dB. Because of this coding gain of 21 dB,
interference of up to 18 dB above the signal l[evel (3 dB bel ow the signal
strength after coding gain) can be tolerated for a static channel. 25

The radi o subscriber unit 102 is adapted f dp conpatibility with the type of
radi o system 100. Therefore, |n accordance mnth the preferred enbodi nent,
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first antenna 114 and the second antenna 116 responsive to-the | RSSI at
line 144 and/or the ratio Ec/Io at line 142 are described with-reference to
FIGs. 2-6 below. :

15 Operating the switched antenna diversity receiver apparatus 106
with both the first antenna 114 and the second antenna 116 is particularly
advantageous when receiving a spread spectrum signal, such as the DS-
CDMA signal. In a DS-CDMA signal the same information, intended for
the radio subscriber unit 102, is present at both the first antenna 114 and

20 the second antenna 116. Because of this characteristic of the DS-CDMA
signal, the signal-to-noise ratio of the received signal (Rx) at line 153 will
likely improve when the antennas are simultaneously connected.
Conditions under which improvement occurs include signal- levels
within 10 dB of each other and not in phase opposition.

25 The third selected state of the first anté_nna 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

30 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 signal ground potential at line
164. The third switch, coupled to the load 124, the receiver 126, and the
controller 108, selectively couples the load 124 to the receiver 126

35 responsive to the third control signal 150. The controller 108 selectively
couples to the receiver 126, responsive to the received signal (Rx) at line



fromthe first antenna 114 and the second representation 160 of the RF
signal 156 fromthe second antenna 116. The controller 108, coupled to the
- receiver 126, selectively couples to the receiver 126, responsive to the 10
received signal at line 153, one of: only the first antenna 114, only the
second antenna 116, and both the first antenna 114 and the second antenna
116. In the preferred enbodi nent, the switdRed antenna diversity receiver
apparatus 106 in the radi o subscriber unit 102 has two antennas 15 114 and

116. Howeve t [ ' [
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i nda flap E! lelmtl_ié sedorad antdrmlal]d4taﬁdeﬁtmlmadaﬁ4us coupled tothe fweiver 126 Inf
ordinary ski &e‘@ qﬂﬂh

116 i s consi derdég #ﬁ%rg& mlb'?)d ﬁ[@égé{gguseém? 'sfﬁgtocaﬁed oﬁbot qﬁhenna
swi t ched ant enmsﬂamlslatm%mm%seméamtmsa 136 azp goupled touthenraceiver112.
The first qptenng I JoadCasik it tuplodPit ild Rickivie? 128 ih The Thied seldceeda

that enabl és the 30 receiver di vers?ty function. The transmtter 112 is
not coupl ed toStaf8. first antenna 114. The first representation 158 of the

RF signal 156 and t MEheSRRAANIRA Ry & predétermindd impedanee. Rin thegpreferred
provide 1dent caI f inie rPaigheoload forms a predetermined lossy termination. An
example of the load 124 is a resistor. In the preferred embodiment, the

15 load has an impedance of 100 ohms.

It is desirable to design the receiver 126 with a predetermined input
impedance that is matched to a predetermined output impedance at line
145. Therefore, it is desirable that the predetermined output impedance at
Tine 145 be substantially constant without regard to the selection between

20 three selected states of the first antenna 114 and the second antenna 116.
This is accomplished by first designing the receiver 126 witha
predetermined input impedance matched to 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. In the

25 preferred embodiment, the prédeteri:nined 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. '

30 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

35 116 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




the radi o subscriber unit 102. However, because of the spatial relationship
355 of the first antenna 114 and the second antenna 116, the RF signal

recei ved at one antenna nay be both delayed and attenuated with respect to
- the RF 13 signal received at the other antenna. The sw tched antenna

- diversity receiver apparatus 106 processes_fakes advantage of these

- differences in order to inprove the receptﬂ n of the radi o subscriber unit
102. The receiver 126 is generally of the type designed to process RF 5
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Rt wer e e e
embodiment, the predetermined output impedance at line 145 when only
one of the first switch 118 and the second switch 120, with the load 124, is
coupled to the receiver 126 in the first and second selected states,

15 respectively, is 50 ohms.

Selectively coupling the load 124 to the receiver 126 when either the
first antenna 114 is selected or when the second antenna 116 is selected and
not selectively coupling the load 124 to the receiver 126 when both the first
antenna 114 and the second antenna 116 are selected maintains a constant

20 'predetermined output impedance at line 145. Thus, the predetermined
input impedance of the receiver 126 is matched to the predetermined
output impedance at line 145. |

The prior art does not disclose switching in a load when only one
antenna is selected. The prior art does not disclose the third selected state

25 (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 ohly another antenna
is selected, the prior art has not addressed the problem of maintaining a
constant predetermined output impedance to a receiver.

30 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
controller 108 may be summarized by the phrase “make before break

35 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



determ nation. In the preferred enbodinent, the denpdulator 144 is a
digital DS-CDVA denpdul ator enbodied within an application specific
~integrated circuit (ASIC) as described in "CDVA Mbile Station Mddem ASIC',
. Proceedings of the | EEE 1992 Custom Integrated Circuits 25 Conference,
section 10.2, pages 1-5; and "The CDVA Digital Cellular Systeman ASIC
Overview', Proceedings of the | EEE 1992 cudPom I nt egrated Circuits

Conf erence, section 10.1, pages 1-7. The second A/ D converter 170 produces
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coded pilot signal. The data signal contains the information intended for
the radio subscriber unit 102. The data signal corresponds to the
demodulated signal (Dx) at line 140. The coded pilot signal is used to
synchronize the receiver 126. The coded pilot signal (Ec) is one part of the

15 ratio Ec/Io determined at line 142.

The interfering signals 166 may come from a variety of sources such
as, for example, delayed rays of RF signal 156, transmissions from other
DS-CDMA base stations and spurious energy from other radio
transmissions.

20 _ A summary of the preferred operation of the second general
embodiment of the radio subscriber unit 102 is now provided. The first
antenna 114 receives the first representation 158 of the spread spectrum RF
signal 156. The second antenna 116 receives the second representation 160
of the spread spectrum RF signal 156. The receiver, selectively coupled to

25 the._ﬁfst 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
representation 160 of the spread spectrum RF signal 156 from the second

30 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
126, and the controller 108, selectively couples the second antenna 116 to

35 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




antenna 114, the receiver 126, and the controller 108, selectively couples

10- 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, the receiver 126, and the controller 108, selectively couples
the second antenna 116 to the receiver 126 _responsive to-the second contr ol

signal at line 148. The controller 108 is 3@up|ed to the first switch 118

and the 15 second switch 120 and generates the first control signal at
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the pre-anmplifi is 35 opened. This hel ps reduce current draig and
i mprove isol ati-on wige ¢orgroller 108 controls the first switch 118, the second switch

15 120, and the third switch 122 to selectively couple both the first antenna
114 and the second antenna 116 to the receiver 126. For a period a time
before selectively coupling either the first antenna 114 and the load 124 or
the second antenna 116 and the load 124 to the receiver 126, the controller
108 couples both the first antenna 114 and the second antenna 116 to the

20 receiver 126.

The three selected states of the first antenna 114 and the second
" antenna 116 are controlled by the controller 108 responsive to the JRSSI at
line 144 and/or the ratio Ec/Io at line 142. Details of the operation of the
controller 108 responsive to its input signals are now further described

25  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
consider a level of the JRSSI relative to a predetermined threshold, the

30 level of the desired RF signal relative to the composite RF signal, the
number of selected antenna states, and the level of the ratio (Ec/Io) and/or
the level of the JRSSI. FIG. 3 illustrates decisions made by the controller
108 that generally consider when to change the selected states of the
antennas based on the level of the [RSSI at various points in time. FIG. 4

35 illustrates decisions made by the controller 108 that generally consider
how to measure the level of the [RSSI. FIG. 5 provides support for




correspondi ng antenna is not sel ected. 15 Although the first switch 118,

the second switch 120, and the third switch 122 are represented as single

pol e single throw switches, hard switching is not necessary in order to

. operate the switched antenna diversity receiver apparatus 106. The first

- switch 118, the second switch 5 120, and _the third swtch 122 may
alternatively be attenuators controlled byzﬂhe first control signal at line

147, the second control signal at |ine 149, and third control signal at
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advant ageous f

pregét%n%ru(l)c\eﬁ dﬁlgesﬁglé 1%66 rd%d ’?’hgu ﬁei DEinsd tltire%ﬂold is
empirically set to represent a level above the sensitivity of receiver 126.
At step 202, when the [RSSI is determined to be much greater than
the receiver sensitivity, for example,_gréater than 6 dB, the first antenna
15 114 and the second antenna 116 can be left in parallel most of the time. In
the preferred embodiment, the third selected state occurs when both the
first antenna 114 and the second antenna 116 are connected in parallel to
the receiver 126. Changing from a parallel antenna state to single antenna
switching is done when there is a drop in JRSSI which would indicate that
20 the thermal threshold has been reached due to either a simultaneous fade
on both the first antenna 114 and the second antenna 116, or a signal
cancellation between the first antenna 114 and the second antenna 116.
If the determination at step 202 is positive, then, at step 204, a
determination is made whether the desired RF signal 156 dominates the
25 composite RF signai 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
is to provide an indication of whether the radio subscriber unit 102 is in a
30 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
the composite RF signal. The flat fading condition occurs when the desired
35 REF signal 156 does dominate the composite RF signal 158 or 160.

H




is the three selected states of the first antenna 114 and the second

antenna 116. In t
. the prior art 25

he prior art, only two selected states are possible. In
the two selected states are typically inplenented using a

- single pole, double throw switch controlled by a controller. In the prior

art, one sel ected
to a receiver, an
antenna i s couple
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antenna are coupl ed

state is defined occurs gnly a first antenna is coupled
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ratio of Ec/Io may be used is that [RSSI now substantially represents

the magnitude of the desired RF signal 156 and Ec/Io is always
representative of the magnitude of the desired RF signal 156. The details
15  of step 206 regarding the selected state of the antennas 114 and 116
responsive to the JRSSI are described in detail with reference to FIGs. 3-5.
The details of step 206 regarding the selected state of the antennas
responsive to the ratio of Ec/Io are described in detail with reference to

FIG.

20

6.
Returning now to stép 202, if the determination at step 202 is

negative, then, at step 208, determination is made whether the desired RF
signal 156 dominates the composite RF signal 158 or 160. This step is
essentially the same as previously described in step 204.

At step 202, when the [RSSI is determined to be close to thermal

25 " 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

30 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

35 first and second selected antenna states.
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Ec/l1o at line 142. The advantages of controlling the selected states of the
first antenna 114 and the second antenna 116 responsive to- the [err] RSS|
~at line 144 and/or the ratio Ec/lo at line 142 are described with-reference

- to FIGs. 2-6 below 15 Qperating the switched antenna diversity
receiver apparatus 106 with both the first_antenna 114 and the second
antenna 116 is particul arly advant ageous n receiving a spread spectrum

signal, such as the DS- CDMA signal. In a DS-CDVA signal the same
i nformation, int e”dﬂdﬂ{eodetbfﬁﬂﬁiﬁrpaﬁﬁzdwrnégﬁﬁve}%mithe&bﬁ&@ﬂerat bot h

the first antenna 114 _and, 20. the secq antenna 116. Beca of this
characteristic pctpieither t skanieppa IS ppé-%@,’éa ﬂzgirﬁsﬂﬂnslm%to
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The third sBl eahtetinasht Fhetletdils dfistep 230 regarding theselected states of theit enna

116 provides a fa}% L arant S1RGH#Rr art al so
did not use thgngeg‘é‘%\g/g?%ﬁ?&g‘?e Fﬁ@%a |oﬁéé§¢%§‘i\%3§?emggtné%?| e in the
third sel ect edrefetaneeitadiléabes that the antennas may both remain

si mul taneous|y conngciestesveB, tHOGHRriMAIGRS Poitive, then, Psteplan23the St at e.

This is di d fyrth th ref C1'Gs.. 2- 6. i '
Thit 1027t ot hepniraller A0k seieets e 158 Hrsharierg 14 06 the sasond AnteBa k5"

i?,ﬁ : s dc?updt) ﬁd résp(ﬁisﬁfzbzio aitleetntheJRSST brr the 2atid Hegld. Step 242 is Hhe sameiasch,
sel gct i ve?y' cgﬁ‘ﬁﬂ%ggo(’gﬁ‘éiq‘ %ﬂ%e%c%i’%io\é‘e{tﬁi%E?cmgwﬁﬁép%&gl‘r‘ég{ﬁgﬁﬁce 0 the
third control santprala state (i®hparallel ankéraras).0Thealatzils obsiep2i2negerding: the
receiver 126, LeRRRISINRnh] stiE k55610 16 tHE MRSITRre disclib8d in detail with
reference to FIGs. 3-5. The details of step 212 regarding the selected states
15 of the antennas responsive to the ratio Ec/Io are described in detail with
reference to FIG. 6. .
Upon the completion of steps 205, 206, 210, and 212, the flowchart
returns to step 202 wherein another determination is made whether the
JRSSI is greater than the predetermined threshold.
20 Fig. 3 illustrates a flowchart 300 further describing a portion of the
flowchart 200 of FIG. 2. In particular, the flowchart of FIG. 3 expands upon
each of the steps 206 and 212 of FIG. 2 to describe how the controller 108 .
selects the state of the antennas responsive to the JRSSI. The overall goal
of the flowchart in FIG. 3 is to cause the controller 108 to select the state of
25 the antennas producing the highest measured fRSSI 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
30 318 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
35 states are used in steps 205 and 206. '




17 153, one of: only the first antenna 114 and the |oad 124, only the
second antenna 116 and the | oad 124, and both the first antenna 114 and the
second antenna 116. In the preferred enbodi nent, the first selected state

. occurs when 5 only the first antenna 114 and the |oad 124 is coupled to
the receiver 126. In the preferred enbodi the second sel ected state
occurs when only the second antenna 114 agg the | oad 124 is coupled to the
receiver 126. In the preferred enbodinent, the third selected state occurs

when both the first mtfkswahar%egﬂ@ dthste sopnmaﬁélsaozald&eﬁhmmmbed to
t he receiver 10 26 e | oad cou gﬁgo t he iver 126
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recei ver 12§ \Mptrefearqd eﬂﬂxodnmenb,cthemmdetermaddanelmrlqclshma
pr edet er m ned Hpedance at line 145. Therefore, i s desi rabI e t hat
the predeterm ne ou?

npedance at |ine 145 be subst ant| st ant
without regard to tﬂéﬁs@detﬂrmamﬂéétﬁpzw ispagitive; ‘gt%%’é’é‘

first antenna gplaﬁ &Qﬁﬂ%@&;ﬁfé@aﬁéﬁhemvﬁcha&tmtd §tbpdzdzyoﬁl rst
desi gning the A:iéeéver 126 with a predeterm ned i nput inpedance natched to

the predeterm ut put i npedance at |ine 145 when the first switch 118
and the segond swi t ghtiedemrmihation abstepe3d2 is ridgativecthiengat &6 304,the third

sel ected state. .| 0 g places the first antenna 114 and the second antenna 116 in a first
selected state by configuring the first switch 118, the second switch 120 and
the third switch 122. In the preferred embodiment, the switches are
configured at an edge of a chip corresponding to an edge of a symbol. In
15 step 206 the first selected state can be any of the three possible antenna
- combinations. Further, when step 212 occurrs, the first selected state
excludes placing antenna 114 and antenna 116 in parallel.

At step 306, the controller 108 measures and stores in memory

register one (not shown) the JRSSL. The memory may be, for example,
20 random access memory (RAM) associated with the controller 108.

At step 308, a determination is made whether multiple symbol
times have elapsed. The purpose of monitoring the symbols times is to
provide a delay between successive measurements of the JRSSI when the
selected antenna state changes. If there were no delay, the successive

25 measurements of the JRSSI could be so similar that no benefit would be
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

30 [RSSI. When the JRSSI is sufficiently high, the alternate antenna need not
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 sufflc1ently often enough

35 to account for Rayleigh fades. This implies that a slowly varying channel
need not be sampled as often and more samples can be averaged to



25 preferred enbodi nent, the predeterm ned input inpedance of the receiver
126 is 50 ohms. In the preferred embodi ment, the predeterm ned output

i npedance at |ine 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. 30 I gnoring the | oad 124 for a_nonent, the output inpedance at
line 145 when the first antenna 114 and th&%second antenna 116 are in
ei][her the first selected state or the second selected state (i.e., when
only one anten [ Sy GQUP ngh ef : ' mj,rg ; e
out put irrpedanca_gtéa Plglr%‘e&%llga%%éent géfwg{isﬁ?%n%lgg%%?lgn tﬁgﬁslgggénég
antenna 35 11bkehetq affectareception.sel ected state (i.e., when both the first

antenna 114 and t he Sg{ORtefMiestth &ﬂ-@teg’sosti%%ga@ivbpthéwmeeﬂe{wmﬁ?ﬂo I'n
the preferred 18 enbqdi nent, ,tre r g.erm ned qut pu i edance at |ine
145 is 100 ohrrﬁt‘-’\ﬂé(??% %E“prﬁ‘éy‘i“sp %‘n%%liac‘f? 9'#B5¢hd second switch
120, \(/j\ﬂthf)u‘sttg@te%rﬁﬁﬂt afigrt atisteps 80 isspositive)the flowi comtiri28 torstepr810i r st and
second sel ected statgs, r | T I .S ed
to be in parallel mﬁettﬁtgﬁ’?ﬁgﬁﬁ% ﬁéﬁﬁpgflg%f%ﬁnn%egﬁf ﬂél%gfﬁgé‘égc%%gag%tﬁg%na
%6 y\/nendonl y seecorshantenaaild 6ol estcoudtselented stape byt confignsingdthei fizst swich
e i npedance t .S : | [ the | oad
124 in parall eﬁit\;ﬁ‘?‘% %eﬁgﬂ%%ﬁvéﬁdth :}zrirﬁﬁe aﬁc‘ilgf?SWﬁinieﬁ?M%lnﬂgﬁ‘%@?., er the first
switch 118 or embadimeny thei switchesmreonfigused af anadge of a fRiPsame as t he
g\l/J\A't ?EL Hgg?lﬁgn%gr&%ybﬁld‘ﬁf%ﬂt . éd?@?f‘afsgiﬂlﬁdlf $ih stap 206) the Second! detecied stide
%alrl%e aeny of the tcﬁre% I?osg{brlg antenna combinations. Purther, when step
212 occurs, the second selected state excludes placing antenna 114 and

antenna 116 in parallel. -
At step 312 the controller measures and stores in memory in
15 register two (not shown) the [RSSI. The memory may be, for example,
random access memory (RAM) associated with the controller 108. The
controller 108 now has a second measurement of the [RSSI to make a
comparison with the first measurement of the /RSSL
At step 314 the controller compares the JRSSI in register two to the
20 [RSSI in register one and stores the result in memory (not shown). The
result of the comparison provides an indication of which selected antenna
state would provide better reception.
At step 316 a determination is made whether the measured [RSSI in
register two did rise above or equal to the measured JRSSI in register one.
25 If the determination at step 316 is positive, at stép 318 the controller
replaces the measured [RSSI in register one with the measured the JRSSI
at time T2. The purpose of the replacement is to load the most recent
measurement of the fRSSI into a known memory location for subsequent
comparison by a new measurement of the JRSSI. Then the flow returns to
30 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
JRSSI does not decrease with each measurement.
If, at step 316, the determination is negative, the flow continues to
35 step 320 when three selected antenna states are desired and, alternatively,
to step 302 when only two selected antenna states are desired. The dotted



enbodi nent, the predeterm ned output inpedance at |ine 145 when only one of
the first swtch 118 and the second switch 120, with the load 124, is
coupled to the receiver 126 in the first and second sel ected states, 15
respectively, is 50 ohns. Selectively coupling the |oad 124 to the receiver
126 when either the first antenna 114 is sglected or when the second
antenna 116 is selected and not selectivel$Ycoupling the load 124 to the
receiver 126 when both the first antenna 114 and the second antenna 116 are

15 Thus, 1 e o2 e e b o oy oot A0 ched
: : i's matc
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116 to the receiver 126 eri Qd T ti meﬁ forf?&ﬁe ectively coupling

ei ther only thEhQPP‘s"%OfaﬁfélFﬁ criptign forsteps 3 O¥%6 to the receiver
126. This ggtivity At dtee BQQrthéQbh&blléﬁaomedsuresmndrstmd ihymemerpl{naete
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eval uat e the poseasbrements of the IRSSI to make a comparlson with the previous
measurement.
At step 324, the controller compares and stores in memory (not
15 shown) the measured JRSSI in register two to the measured JRSSI in
register one. The result of the comparison provides an indication of which
selected antenna state would provide better reception.
At step 326, the controller 108 determines whether the measured
[RSSI in register two rose above or equaled the measured JRSSI in register
20 one. If the determination at step 326 is positive, then at step 328, the
controller 108 replaces the measured RSSI in register one with the
measured JRSSI in register two. The purpose of the replacement is to load
the highest measurement of the JRSSI into a known memory location for

- subsequent comparison by a new measurement of the |RSSI. The flow
25 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 JRSSI in the
second selected state.

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

30 continues to step 302 wherein a determination is made whether the
predeterminéd 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

35 strongest rake finger (not shown in the demodulator 128). This
minimizes ringing effects in an intermediate filter (IF) filter of the receiver



19 benefit of using both antennas in parallel. In the preferred enbodi nent,
the typical "nmake tine" is a synbol period. In the preferred enbodi nent,
the RF signals 158 and 160 are conposite RF signals including a desired RF
signal 156 and interfering 5 signals represented by signal 166. In the
preferred enbodi nent, the desired signal is_a spread spectrumsignal. In
particul ar, the spread spectrumsignal is &7 di r ect sequence spread spectrum
(DSSS) signal adapted for a CDVA connunlcatlon system A general
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:Sgg??uﬁp%@g? 116 Tg%;euﬂﬁs&ms%eﬂ@wdtsweﬂmeiamr Id@@crilﬁgl pbitiors Ef thael
antenna 114 anglnomé%ﬂfgiﬁﬁ i’é‘c"‘gae' g?%ﬁ%é":&aﬂ% the@(;zidt cﬁbeé st
how the controller 108 measures and stores in memory the JRSSI at each
of the steps 306, 312, and 322 of FIG. 3. ' -
The flowchart 400 of FIG. 4 generally includes a group of steps
15 designated as step 402 and a group of steps generally designated as step 404.
Step 402 includes steps 406, 408, 410, 412, and414. Step 402 generally
illustrates a method for measuring and storing the JRSSI for consecutive
chips. Step 404 generally includes steps 416, 418, 420, and 422, The step 404
generally describes the method for measuring and storing the JRSSI for
20 non-consecutive chips. Dotted line 415 designates the flow path taken
~ between steps 412 and 408 when consecutive chips are measured.
Otherwise, flow path 417 is taken between steps 412 and 416 when non-
consecutive chips are measured.-
Referring now to step 406, the controller 108 resets the sample
25 count and the new [RSSI value.. The sample count is a measure of the
number of RSSI samples in the current JRSSI 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
30 during a chip period and sums it with the new JRSSI value.
At step 410, the controller 108 increments the sample count value.
In the preferred embodiment, the sample count is 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
35 embodiment, the predetermined threshold is thirty two sample counts.



signal at line 153, including at |east one ratio Ec/lo at line 142,
responsive to receiving at | east one of the first representation 158 of the
spread spectrum RF signal 156 fromthe first antenna 114 and the second
representation 160 of the spread spectrum RF signal 156 fromthe second 30
antenna 116. The first switch 118, coupled _to the first antenna 114, the
receiver 126, and the controller 108 selec?ﬁvely couples the first antenna
114 to the receiver 126 respon5|ve to the first control signal at |ine 146.

The second switch 1 28
P QB Coug;aggqs;wsmaﬂ;é@atts BEL Ak Send

and the controll er

116 t 35
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tSIhgnglechdlESCMe?%?BloTBMCGg%(wEG 308, coupled to the first switch 118,

e
control signal at S%Pﬂ?eng m?tlln‘g{ gg%@ﬁd@ #tz&%ﬁ Sl gm%ﬁl?é P‘S l:élj.@rmand
the third cont vid patlydss tastdp%mwemsnr&menbo mnseautlﬁesb;p%lsm line
142. The cont raeEﬁEﬁil a%ﬁﬁé%@mén'@%effﬂ\éq dI"f&l‘:ﬁbﬂ-%gnééi:‘ﬁm@S cMipstie the

first control S|gna secon ch 0, responsive to the
second cont r ol desigad ﬂ@tﬂq)Wr@nmeséﬂét%ﬂ@V athAl7esponsi ve to the

10, Lhird gentrol signgepane) fitcoifolice ﬁ@feiﬁénfé%i ﬁcwm t40 skipecdateisv er
126 one of: only the fir ante d,the.l oa only the second
antenna 116 and@ MRaSYLE 24““8 B%#“Pﬁre} iPR¢'enna 114 and the second
antenna At step 418, a determination is made whether the skip count is
greatei‘ than or equat to a predetermined skip count threshold. In the
preferred embodiment, the predetermined skip count threshold is ten.

15 If the determination at step 418 is negative, then, at step 420, the
controller waits a chip period and returns tostep 416 wherein the
controller 108 again increments the skip count.

If the determination at step 418 is positive, then, at step 422, the
controller resets the skip count and the flow returns to step 408. In the

20 preferred embodiment, the skip count value, when reset, is zero.

Thus, steps 416, 418, 420 and 422 together provide a chip counting
loop that determines how many chips period are skipped between
successive RSSI measurements.

FIG. 5 illustrates graphs of probability distribution functions 501,

25 502, 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

30 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.




116. The controller 108 controls the first switch 118, the second switch 15
120, and the third swtch 122 to selectively couple both the first antenna
- 114 and the second antenna 116 to the receiver 126. For a period a time

. before selectively coupling either the first antenna 114 and the |oad 124
or the second antenna 116 and the |oad 124 to the receiver 126, the
~controller 108 couples both the first antefPa 114 and the second antenna
116 to the 20 receiver 126. The three selected states of the first antenna

114 and the second g gwmg
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been measured accurately as shown in graphs 504, 503, 502, and 501.
So long as the channel has not changed very much between
samples, the required integration may be realized by a combination of

15 averaging different samples and increasing the sample interval. For
example, an integration of sixteen separated chips are equivalent to an
integration of sixteen consecutive chips. Also, a sixty four ch1p integration
would be derived from sixty four chip samples on consecutive or alternate
symbol boundaries. _

20 There are occasions where the signal on the alternate antenna is
much noisier and an extended sampling interval causes a degradation in
frame error rate. This problem can be essentially bypassed by decreasing
the sampling interval. Typically, the alternate antenna may be sampled
for extremely short time intervals (on the order of a chip sample). By

25 example, consider the Io digitized sample power at the output of the
downconverter 155 of FIG. 1. The downconverter 155 is approximately
matched to an 0.81 ps chip of the RF signal 156. Now, considering a worst
case scenario of 7 dB required Eb/No, 21 dB processing gain and 1 W traffic
channel Tx power out of 25 W total, the mean sample S/N is 7 - 21 + 25:1 =

30 0dB. Therefore, the mean chip sample is almost always a positive S/N.
However, the instantaneous chip sample power is a variable and exhibits
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

35 important technique is to straddle symbol boundaries to minimize the per
symbol impairment.



21 determ ning how the level of the [err]RSSI is neasured. FIG 6

I 14 ustrates decisions made by the controller 108 that generally consider
when to change the sel ected states of the antennas based on the | evel of
the ratio (Ec/10) relative to a predeterm ned threshold. 5 FIG 2
~illustrates a flowhart 200 describing the _gperation of the radio

" subscriber unit 200 of FIG 1. The rovvcha|38 200 conprises a coll ectlon of
steps 202, 204, 205, 206 208, 210, and 212 defining a predeterm ned set of

made i1 an [err] Raok he %ﬁ‘?‘%%iseé“m@““r e TR enLd e the
es n the
- preferred enboé@'ﬁ‘é’i? integyal @éﬂ(heel?qﬁ*‘-hﬁ‘i’i %&«gerﬁ u ?&éj
p;ﬁdeie”ﬂtnedf bRl ahehall u& £itionCal i'eéeﬁﬁétr p@fdm&%enlhsl&e cialbpve the
sensitivity o

rr] RSS! 1 s determ ned
. to be nuch gre&ffEFt‘Y?]Eﬁc‘i‘Wg %é@?ﬂt}ﬁ‘%@n§9‘f‘a\}ﬁ§wq‘lb’?ﬂ lf Eﬁ&% Br than
6 dBI Itlhe f5rsh¥ten‘:}aetemtéxﬁla fribdy ben quitieencisy.ond antenna 116 can be left in

. parallel nost of t %#d’l

- selected-state occusgﬁ%ﬁ%m%%tn%h‘ﬁﬁgﬁﬁ ?ésteggﬁggnna 14 arﬁt e secolnsdS

' antenna 116 ar eneasumemventiis o bamadezja makeﬂp@fwcmeakrcomsctiméﬁwgmfgnﬁdom a
- parallel anten gﬁaﬁ{ r&Bi s a
drop in [err] R@F%ﬁﬁﬁﬁlﬁn I cate hg}fﬁgig{'&y?ﬂee t erma.l Dgahgl%shas

- been reached dbutdeesinatdptr Eﬁi‘é‘%&?ﬁ&f‘é‘tﬁﬁa%? arlydf [tegfﬂt@nna
114 and theggseg mlmnq{dﬂz@ve@b addifigahe ¢aocsi itoge thefuaaﬂlemldfu rst
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chip sample or RSSI estimate may not be a good indicator of signal fading.

15 Here the sample may need to be a symbol in duration, and the measured
parameter may need to be the ratio Ec/Io.

A practical discussion of the sample rate is now provided by the

following discussion. An alternate antenna state is sampled periodically.
The sampling may be gated on when the serving signal drops below a S/N

20 threshold of JRSSI or ratio Ec/Io. The radio subscriber unit 102 can arrive
at an estimate of its S/N via the parameters: Ec/Io, amount of delay spread

as derived from finger activity and searcher reports and amount of hand
off (HO), again as derived from rake finger activity and searcher reports.
The estimated S/N should be an indicator of whether or not alternate
25 antenna sampling should occur. Of course, a simple rule is to sample at a
minimum rate at all times and at a higher rate when the S/N falls below a
threshold.
A sample rule might be that when the serving antenna S/N <
threshold => sample alternate antenna every 10th symbol (1920 samples
30 per second). The sample rate can be as high as one sample/symbol (19200
s/s) or even higher. As discussed earlier, the benefit is of high sample
rates is that they can be averaged to reduce the per-sample variation.
In any event, with such a high sample rate available, the switch
diversity should be able to follow flat Rayleigh fading (worst case), even at
35 highway speeds. Thus a reasonably close approximation to optimum
switched diversity should be achieved. Typical worst case Doppler



denodul ator 128 detects the desired RF signal 156 at |evels 10 dB hi gher
thhan other detected signals. The purpose of the determ nation at step 204

. is to provide an indication of whether the radio subscriber unit 102 is in
~a 30 nultipath fading or a soft hand-off condition versus a flat fading
condition. Multipath fading, soft hand-off and flat fading conditions are
wel | understood to those skilled in the ar8l The mul tipath fading or a soft
hand- of f condition occurs when the desired RF signal does not dom nate the
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FIG. 6 illustrates a flowchart 600 further describing another portion
of the flowchart 200 of FIG. 2. In particular, the flowchart 600 provides
further details of steps 205, 206, 210, and 212 of the flowchart 200 in FIG. 2
15 regarding the controller’s selection of the selected antenna state responsive
to the ratio Ec/Io. If the controller 108 only needs to select between two
selected antenna states, at steps 602 and 608, for example, the flow takes the
path indicated by dotted line 615 between steps 612 and step 202 of FIG. 2.
A brief reference to FIG. 2 shows that only two selected antenna states are
20 used in steps 210 and 212. If the controller 108 needs to select between
three selected antenna states, at steps 602, 608 and 622, for example, the
flow takes the path indicated by line 623 between steps 622 and step 202 of
FIG. 2. A brief reference to FIG. 2 shows that three selected antenna states
are used in steps 205 and 206.
25 At step 602, the controller places the first antenna 114 and the
second antenna 116 in the first selected state by configuring the first switch
118, the second switch 120, and the third switch 122. When representing
steps 205 or 206, the first selected state can be any of the three possible
antenna combinations. Further, when steps 210 or 212 are used, the first
30 selected state excludes placing antenna 114 and antenna 116 in parallel. In
the preferred embodiment, the changes are made at the chip edge
corresponding to the symbol edge. Changing the selected state of the
antennas at a chip edge is discussed hereinabove with reference to FIG.
310.



15 of step 206 regarding the selected state of the antennas 114 and 116
responsive to the [err] RSSI are described in detail with reference to FIGs.
3-5. The details of step 206 regarding the selected state of the antennas
responsive to the ratio of Ec/lo are described in detail with reference to

FIG 6. 20 Ret urning now to step 22% I f the determ nation at step
202 is negative, then, at step 208, deter 'zation I s made whet her the
“desired RF signal 156 domi nates the conposite RF signal 158 or 160. This

step is essent . al | YA§ %OE @{é d&zﬁaaeméf/m@aewrhﬁﬂes theSkatid GOFe/ 18 fréireP
(22 1}
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Thi sI : nisureisI t ey 1o icabokiea prbéeﬁeuhmmﬂ ﬁEeShwa&mhmtﬂmmﬁmS in 30
paral | el wi C

synchroni zed t%ﬁfﬁ%gﬁ%&ﬁ E-R%{ e?tg?gekq@@aqﬁ gﬁl%?éelg%%ﬁ%&ao allitsrrake
before break". thewsadmum Elsﬂ%mdubemreéegﬂrmme ithreshold ds when no
antenna Is coniy g%&'ﬁﬂ.ﬂit%@'g W 38 N B IS inforRiafidhi 8 availdblé dfeer

Therefore, ther near sinultaneous sw tchl ng between a 35 first
and second sel Symhe i%ha states. 23 1f the determ nation at step 208

It f] negat i \ém then, Hh&x@déte&ﬁiﬁ@ﬂioﬁat SRPs608 ishsusitive thensat step 60Fathkl4 or
¢ second ant ecg?lg'oll%e 108 Thain: 148 th first antenna 114 and the second antenna 116
in the first selected state. From step 607, the flow returns to step 604
wherein the ratio Ec/Io is again determined from the rake fingers of the
demodulator 128. Thus, the selected state of the antennas will remain in
15 the first selected state until the all the ratios Ec/Io drop below the
predetermined threshold. <
If the determination at step 606 is negative, then, at step 608, the
controller changes the first antenna 114 and second antenna 116 to the
second selected state by configuring the first switch 118, the second switch
20 120, and the third switch 122. When representing steps 205 or 206, the
second selected state can be any of the three possible antenna combinations
and when steps 210 or 212 are used, the second selected state excludes
placing antenna 114 and antenna 116 in parallel. In the preferred
embodiment, the changes are made at the chip edge corresponding to the
25  symbol edge. Changing the selected state of the antennas at a chip edge is
discussed hereinabove with reference to FIG. 310.
At step 610, the controller again determines the ratios Ec/Io from
* the rake fingers of the receiver 126 as in step 604.
At step 612, a determination is made whether at least one ratio Ec/Io
30 is above the predetermined threshold. Step 612 performs a similar
function to step 606 wherein, for example, the predetermined threshold is
approximately -14 dB. :
If the determination at step 612 is positive, then, at step 614, the
controller 108 keeps the first antenna 114 and the second antenna 116 in
35 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




the ratio of Ec/lo. Step 210 is the sanme as step 205, with the exception
thrat step 210 does not have a third selected antenna state (i.e. parallel 5
antennas). The details of step 210 regarding the selected states of the

- antennas responsive to the ratio Ec/l1o are described.in detail with
reference to FIG 6. If at step 208, the determnation is positive, then, at
step 212, the controller 108 sel ects eithe33the_first antenna 114 or the
second antenna 116 10 responsive to either -the [err]RSSI or the ratio

£o/lo. Step Zlfinks: %Fgg?g@e ﬁtsPﬁQGTthth\etéae&é&%p&wma%m% 210

does not have a antenna state ar al ant epnas The
details of stewill rgmaégan dhe geeond &e@éﬁasm g Fadt Qseg‘ij(lﬁ 0P %o t he
[ferr](RSSIZlgre ggﬁ,wd ltjq@ réaeml édd‘&nfé%hblﬁ erence to FIGs. 3-5. The details
of step regar di sel ected sfates of ..t he,ant S_responsjve
to the ratio Ec/lo Eﬁg@eo& FRaton,a {i qﬁvﬁr"ﬁ?&a@‘?’@fm eo fvae %gmﬁj?
tPe cgggl 5\;}5 onstep 202e¢£FIRN 2, vidGfath 516 wherdoRli?2two beletiedvstates are desired. t o
step erein_ano ter
than the pr ede rﬁoﬂbg)ﬁeﬁﬁgg%{%&aé% Oﬂgq%g@aé%fil&ugﬁ?ﬁﬁé ﬂ &{a? art

300 further de2@0obFKS. Zapsieps 21 afid 212 {1 owchar 200 of FIG 2. In
particular, the floye d
212 of FIG 2 to desc{h@[) %ow tﬁé cont'lg{rég,n?ﬁ&Dﬁéagsgflégctzl‘?énHli@ﬂ&»fj%nﬁﬁ@esa

e etwga/thore sleteRaRIRBRE | 1

ant ennas r espof@Biep €46 Wﬂi\@n[fbﬁﬂPRBSi er m%sef@eﬁs
FIG 3 is 19 caysHrithhteani 10484 théGketond antdind 176 Shﬁﬂie flowhartt 200 of

That thr b sol Eieck Dedniebler JOB celfebpariicondRrieddedf siads plgh. " *' °°
Eelt \i/gteﬁdt \% tsglagmtasalwtemdl% atisteps205and 206 er 108 only needs to sel ect
f Fow t akes the pat hq‘@g%ﬁ?g&ﬁ%?%ﬁ%?@% | ne%%%%%gn&s e slﬂ(é'l%‘)ltﬁe the
second -antenna 116 to a third selected state by configuring tﬁe first switch
15 118, the second switch 120, and the third switch 122. When representing
steps 205 or 206, the third selected state can be any of the three possible
antenna combinations. In the preferred embodiment, the change to the
third selected state is made at the chip edge corresponding to the symbol
edge. Changing the selected state of the antennas at a chip edge is
20  discussed hereinabove with reference to FIG. 310.

At step 618 the controller again determines the ratio Ec/Io from the
rake fingers of demodulator 128 as in steps 604 and 610.

At step 620 a determination is made whether the ratio of Ec/Io is
above the predetermined threshold. The determination at step 620 is

25  similar to the determinations already made at steps 606 and 612.

If the determination at step 620 is positive, then, at step 621, the
controller 108 keeps the first antenna 114 and the second antenna 116 in
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

30 fingers of demodulator 128.

If the determination at step 620 is negatlve, then, at step 622, the
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

35 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.




30 318 and 302. A brief reference to FIG 2 shows that only two sel ected
antenna states are used in steps 210 and 212. If the controller 108 needs
to sel ect between three selected antenna states, at steps 304, 310 and 312,
for exanple, the flow takes the path indicated by |ine 321 between steps
318 and 320. A brief reference to FIG 2 shows that three selected antenna
35 states are used in steps 205 and 206. 24 The flowchart begins at
step 302. At step 302 a determnation is made whether a predetermned tine
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first selected™s con urin e secon swi tch
120 and the thm@bﬁ@/hﬂfémdﬁdﬂ? Elaéfértpédlmrﬁfrﬂfecﬂ‘{é SigRhes are

SCep 206 the 1 e 0 (he (i ca. pocsi bl & antenna.
conbi nati ons. Phithe&SS \d@ H“Q{‘Eceb\‘,‘?ﬂl?‘&‘a?t he f irst selected state
excl udes pi@ci ng an®@GNA maétmegl adslo€ diagiafh bfa padial system 700 including a
second embodiment of a radio subscriber unit 702. Generally, the radio
subscriber unit 702 in FIG. 7 is the same as the radio subscriber unit 102 in
FIG. 1 except that the diversity receiver apparatus in the radio subscriber
unit 702 is a selection diversity receiver apparatus 704. Whereas, the
15  diversity receiver apparatus in the radio subscriber unit 102 is a switched
antenna diversity receiver apparatus 106. Thus, all common elements
between FIG. 1 and FIG. 7 are labeled with the same reference numbers
and no further description will be given for those reference numbers. FIG.
7 is presented to illustrate that the same principles illustrated in the
20 switched antenna diversity receiver apparatus 106 of FIG. 1, as supported
by FIGs. 2-6, also apply to the selection diversity receiver apparatus 704 of
FIG. 7. |
The selection diversity receiver apparatus 704 generally includes the
first antenna 114, the second antenna 116, and first receiver 126 (each
25 shown in FIG. 1) as well as a second receiver 706 and a switch 708. The
second receiver 706 generally includes the same elements as the first
receiver 126, as shown in FIG. 1. The second receiver 706 produces a
demodulated signal at line 714, and a RSSI at line 716, an RSSI at line 718,
and a ratio Ec/Io at line 720. The operation of the second receiver 706 is
30 the same as the operation of the first receiver 126, as described in FIG. 1.
Therefore, no additional explanation is given here.
In addition to the signals received from receiver 126, the controller
108 receives the RSSI at line 716, the fRSSI at line 718, and the ratio Ec/Io
at line 720. The switch receives at a first terminal the demodulated signal
35 (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
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At step 306, the controller 108 neasures and stores in nenory register one
(not shown) the [err] RSSI. The nenory may be, for exanple, 20 random
access nenory (RAM associated with the controller 108. At step 308, a
determ nation is made whether nmultiple synbol tinmes have el apsed. The

pur pose of nmonitoring the synbols tines is to provide a del ay between
successi ve neasurenents of the [err] RSSI n the selected antenna state
changes. If there were no delay, the successive 25 neasurenents of the
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until the 7ol tisteived Bignal bt He 153secFIPSHdnchidiag at least one ratio Ec/Io at

line 142 responsive to receiving the first representation 158 of the
composite RF signal 156 from the first antenna 114. The second receiver
706 generates-a second received signal (not shown) including at least one
ratio Ec/Io at line 720 responsive to receiving the second representation
15 160 of the composite RF signal 156 from the second antenna 116. The
controller 108 then 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 ratio Ec/Jo and the second ratio Ec/Io. Thus, the radio subscriber unit
702 is 'operable to control the selection diversity receiver apparatus 704
20 responsive to the ratio Ec/Io. |
Next, the operation of the radio subscriber unit 702 responsive to
the JRSSI is described. The controller measures a first RSSI at line 138 of
the composite RF signal 156 responsive to receiving the first
representation 158 of the composite RF signal 156. The controller also
25 measures a second RSSI at line 716 of the composite RF signal 156
‘responsive to receiving the second representation 160 of the composite RF
signal 156. The integrator 130 of the first receiver 126 integrates the first
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
30 the second receiver 706 integrates the second RSSI of the composite RF
signal 156 over a plurality of the chips to produce a second JRSSI at line
718 of the composite RF signal 156. The controller 108 selects either the
first demodulated signal at line 140 or the second demodulated signal at
line 714 responsive to at least one of the first [RSSI at line 144 of the
35 composite RF signal 156 and the second [RSSI at line 718 of the composite
RF signal 156.

L
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5 determnation at step 308 is positive, the flow continues to step 310.
At step 310 the controller 108 changes the first antenna 114 and the second
antenna 116 to a second selected state by configuring the first switch 118,
the second switch 120, the third switch 122. In the preferred enbodi nent,
the switches are configured at an edge of g chip 10 corresponding to an
edge of a synbol. In step 206, the second Bl ected state can be any of the
t hree possi bl e antenna conbi nati ons. Further, when step 212 occurs, the
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modulation method, and responsive to a second received information set

15 when the diversity receiver receives the second RF signal modulated by
the analog modulation method. :
FIGs. 8, 9 and 10 each illustrate a block diagram of a radio system 800
including an embodiment of a radio subscriber unit. FIGs. 8, 9 and 10 are
| generally described with reference to Table 2, shown below.

20
Radio Unit egglved Information Sets Algorithms
i Prior art 1 1
FIG. 8 1 2
FIG. 9 2 1
25 FIG. 10 2 2
Table 2

~ The radio subscriber unit of the prior art, as shown in Table 1, uses
30 only one diversity algorithm operating responsive to only one received
information set. Typically, the only one received information set is an
estimate of the received signal strength indication (RSSI). Typically, the
only one diversity algorithm is used to control a diversity receiver
apparatus embodied within a radio subscriber unit adapted to receive a RF
35 signal modulated by an analog modulation method.
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configuration remains in the second selected state as |ong as the neasured
JRSSI does not decrease with each neasurenent. If, at step 316, the

determ nation is negative, the flow continues to 35 step 320 when three
sel ected antenna states are desired and, alternatively, to step 302 when

- only two selected antenna states are desired. The dotted 26 line 319

I ndi cates the alternative fl ow path betwee 7step 318 and step 302. The line
321 indicates the flow path between step 318 and step 320. If a third

sel ected antenna st ghg ﬂa&l(ﬂ?&ﬁgc%er e f PIC. B3k isRBRm iftf'Péblétlthséslgwa)rSt ep
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state woul g0 pr generallieirichiddsebe ratlivnsub¥criber nd802, bifirst base statien 108
determ nes whe g%rscéggr 864 and’ { second base station transceiver 806.

The first base station transceiver 804 transmits and receives RF
signals 808 using a first modulation method 805. The second base station
transceiver 806 transmits and receives RF signals 810 using a second

15 modulation method 807. |

The radio subscriber unit 802 generally includes a diversity receiver
apparatus 812, a controller 814, a user interface unit 816, and a transmitter
unit 818. The diversity receiver apparatus 812 generally includes a first

‘antenna 820, a second antenna 8§22. The controller 814 generally includes a
20 first diversity algorithm 834, and a second diversity algorithm 836.

The operation of the radio subscriber unit 802 is now described. The
diversity receiver apparatus 812 receives one of a first composite radio
frequency (RF) signal 866 and a second composite RF signal 868. The first
composite RF signal 866 includes a desired RF signal 808 modulated by a

25 first modulation method 805 and interfering signals 864. The second
composite RF signal 868 includes a desired RF signal 810 modulated by a
second modulation method 806 and interfering signals 864. The controller
814 controls the diversity receiver apparatus 812 responsive to a first
diversity algorithm 834 when the diversity receiver apparatus 812 receives

30 the first RF signal 808 modulated by the first modulation method 805, and
a second diversity algorithm 836 when the diversity receiver apparatus 812
receives the seconid 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.

35



[err]RSSI in register two rose above or equal ed the nmeasured [err] RSSI in
register 20 one. If the determnation at step 326 is positive, then at
step 328, the controller 108 replaces the nmeasured [err] RSSI in register
one with the neasured [err]RSSI in register two. The purpose of the
replacenent is to | oad the highest neasurenent of the [err]RSSI into a
known nenory | ocation for subsequent conpa38son by a new neasurenent of the
[err]RSSI. The flow 25 continues to step 308 wherein a determ nation is
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first received information set 835 includes JRSSI and the ratio of Ec/Io, and
the second received information set 837 includes a RSSI. Alternatively,
the second received information set 837 may be a subset of the first’
15 received information set 835.

Alternatively, the diversity receiver apparatus 812 produces a
received information set 835 responsive to receiving one of the first RF
signal 808 modulated by the first modulation method 805, and the second
RF signal 810 modulated by the second modulation method 807. Both the

20 first diversity algorithm 834 and the second diversity algorithm 836
operate responsive to the received information set 835 via line 838. Under
these conditions second received information set 837 is not used. By
example, the first diversity algorithm 834 and the second diversity

~ algorithm 836 may operate responsive to a RSSL. This example may be

25 implemented in a dual mode radio subscriber unit capable of operating in
both an AMPS radio system and a GSM radio system. Therefore, the
diversity algorithm is changed responsive to radio system type while
using the RSSI to optimize the control of the diversity receiver apparatus
operating in different radio systems. |

30 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
selection algorithm or by responding to an input from the user of the

35 radio subscriber unit 802.
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the antenna switch tinme with a tine advance of a chip clock found in the
denodul ator 128. The anpunt of advance is a function of the tine delay
bet ween the antenna termnals to the denodul ator 128 (i.e., nodulo of the
chip period). 10 FIG 4 illustrates a flowhart 400 further
describing a portion of the flowhart 300 of FIG 3. In particular, the
fl owchart 400 of FIG 4 describes how the &ntroller 108 nmeasures and
stores in nenory the [err] RSSI at each of the steps 306, 312, and 322 of

FIG 3. The flowharth #@GreferfddentbodtRht! the difelsiyCrectiver Appalitus81Rsis 15
designated as step, 402 arid a group.of ste
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The first modulation method 805 and the second modulation

15 method 806 may each be either a digital modulation method or an analog
modulation method. Further, the first modulation 805 and the second
modulation 806 may each be different digital modulation methods or
different analog modulation methods. Thus, by example, the radio
subscriber unit 802 can adapt the divérsity receiver apparatus 812

20 responsive to different modulation methods.

For example, the first modulation method 805 may be a digital
modulation method or may be an analog modulation method. Again, by
. example, the first modulation method 805 may be a first digital
modulation method and a second modulation method 807 may be a

25 second digital modulation métﬁod, different from the first digital
modulation method. Again, by example, the first digital modulation
method 805 may be a first analog modulation method and the second
modulation method 807 may be a second analog modulation method,
different from the first analog modulation method.

30 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

35 modulation method may include, for example, Advanced Mobile Phone
System (AMPS) modulation methods, Narrowband Advanced Mobile |



At step 412, a determnation is nmade whether the sanple anmpbunt is greater
than or equal to a predeterm ned threshold. In the preferred 35 enbodi nent,
the predetermned threshold is thirty two sanple counts. 28 I f the
~determination at step 212 is positive, then, at step 414, the new [err] RSSI
-~ value is stored in nmenory (not shown). Thus, the [err] RSSI value is

determ ned at steps 408,410 and 412 by sunﬁpng I ndi vi dual sanples of the
[err] RSSI over a pIurallty of sanples. Fromstep 414, the flow continues to.
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e. ski unt,, If rm nation at .ste 18 is
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val ue, when S ns a°diddi Rode radio subscriber unit. This means, for example, that the
same radio subscriber unit 802 may operate with different radio systems,
each radio system modulating their transmitted RF signal using a different
modulation method. In the preferred embodiment, one radio system is a

15 digital system and another system is an analog system.
| The prior art does not address adapting the diversity receiver

apparatus of a radio subscriber unit according to the radio system the radio
subscriber unit is operating in. Therefore, the radio subscriber unit 802

t he

advantageously optimizes the operation of the diversity receiver

20 apparatus 812 according to radio system the radio subscriber unit 802 is
operating in. Without this advantage, a prior art diversity receiver
apparatus in a radio subscriber unit may be optimized using only one
diversity algorithm when the first RF signal is modulated by the first.
modulation method in a first radio system. When the second RF signal is

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

30 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.
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Thus, steps 416, 418, 420 and 422 together provide a chip counting | oop
that determ nes how many chi ps period are skipped between successive RSSI
measurenents. FIG 5 illustrates graphs of probability distribution
functions 501, 25 502, 503, 504, and 505 at various chip rates in support
of the description of the flowhart 400 in FIG 4. FIG 5 generally
illustrates a sanpling strategy used in t hélfl onchart of FIG 4. G aphs
501-505 each represent probability distribution functions of five different
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radiotelephdne subscriber unit comprises the switched antenna diversity
receiver apparatus 106 and the controller 814. The switched antenna
diversity receiver apparatus 106 receives the first radio frequency (RF)
signal 808 modulated by the digital modulation method 805, or the second
15 RF signal 810 modulated by an analog modulation method 807. The
controller 814 controls the switched antenna diversity receiver apparatus
106 responsive to the first diversity algorithm 834 when the switched
antenna diversity receiver apparatus 106 receives the first RF signal 808
modulated by the digital modulation method 805, and the second diversity
20 algorithm 836 when the switched antenna diversity receiver apparatus 106
receives the second RF signal 810 modulated by the analog modulation
method 807.
Thus, the radio subscriber unit 802 not only adapts its operation to
the dual-mode characteristics of the radio system 800, but also adapts its
25 operation to control the diversity receiver apparatus 812 according to the
selected mode in the radio system 800. Therefore, the diversity receiver
apparatus 812 also has dual-mode capability to offer improved receiver
performance in dual radio systems.
FIG. 9 illustrates a block diagram of a radio system including a
30 fourth embodiment of a radio subscriber unit 902 as an alternative
embodiment to the third embodiment of the radio subscriber unit 802 of
FIG. 8. All common elements between FIG. 8 and FIG. 9 are labeled with
the same reference numbers and no further description will be given for
those same reference numbers.



of fset by the DC voltage. For exanple, the DC voltage offset appears as a
10+ peak of about 0.05 at about 40 watts in graph 505. Decreasing the
nunber of chips used in the integration degrades the probability that

[err] RSSI has been nmeasured accurately as shown in graphs 504, 503, 502,
and 501. So |ong as the channel has not changed very much between sanpl es,
. the required integration nmay be realized'bﬂza conbi nation of 15 averaging
. different sanples and increasing the sanple interval. For exanple, an
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‘CI' hi p sanpl e mra]ysettmd ddyvemlty)algenm 836, showecgimehatched diyves; operaﬁng arrpl es.
10 oupaone LR e 0 feaAEheeh kil b ot o1 syl e,
m ni mi ze the peecond d1ver31ty algon thm 836 operates responsive to the second received
15 information set 837 via dotted line 904. The first diversity algorithm 834
does not operate responsive to the second received information set 837,
. but only the first received information set 835. An example of this case is
described with reference to FIG. 8. _
Alternatively, the controller 814 may control the diversity receiver

20 apparatus 812 responsive to the diversity algorithm 834 operating
responsive to one of the first received information set 835, and the second
received information set 837. By example, the first received information
set 835 includes a ratio of Ec/Io and the second received information set
837 includes RSSI. By the same example, the diversity algorithm 834

25 controls the diversity receiver apparatus responsive to the quality of the
information in the received information set. For example, the quality of
the information may be defined as the magnitude of the ratio of Ec/Io or
the RSSL. Typically, a higher magnitude of the ratio of Ec/Io or a higher
value of RSSI is indicative of higher quality.

30 As with the third embodiment of the radio subscriber unit shown
in FIG. 8, the first modulation method 805 and the second modulation
method 807 may each be either a digital modulation method or an analog
modulation method. Further, the first modulation method 805 and the
second modulation method 807 may each be different digital modulation

35 methods or different analog modulation methods.



-

synbol. i npai r nment. 30 If the sanple interval is on the order of a few
chips, the entire sanple interval nay be bl anked fromthe synbol

denodul ator 128 with only a snmall degradation in receiver performance. This
is especially effective because the total energy contains swtching
transients and the 5 alternate antenna may be quite noisy. Wen only one
antenna is coupled to the receiver and an F@rr] RSSI neasurenent is to be

- made, a nmake before break connection is preferred in sanpling the alternate

antenna. This nmay degg fﬂﬂ-}’eﬂﬁl @ﬁg)&ﬁrmmﬁé raaiosﬁssrc%uf%mt
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and amount  of ri)%'oguces 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
information set 835, responsive to receiving the second RF signal 810

15 modulated by the analog modulation method 807. The controller 814

~ controls the switched antenna diversity receiver apparatus 106 responsive
to one of the first received information set 835 and the second received
information set 837. '
FIG. 10 illustrates a block diagram of a radio system including a fifth

20 embodiment of a radio subscriber unit 1002 as an alternative embodiment
to the third 802 and fourth 902 embodiments of the radio subscriber unit of
FIGs. 8 and 9. All common elements between FIGs. 8, 9 and 10 are labeled
with the same reference numbers and no further description will be given
for those same reference numbers.

25 The radio subscriber unit 1002 comprises a divefsify receiver
apparatus 812 and a controller 814. The diversity receiver apparatus 812
produces a first received information set 835 responsive to receiving a first
RF signal 808 modulated by a first modulation method 805, and a second
received information set 837, different from the first received information

30 set 835, responsive to receiving a second RF signal 810 modulated by a
second modulation method 807. The controller 814 controls the diversity
receiver apparatus 812 responsive to a first diversity algorithm 834
operating responsive to the first received information set 835, and a
second diversity algorithm 836 operating responsive to the second

35 received information set 837.




off (HO, again as derived fromrake finger activity and searcher reports.
The estimated S/ N should be an indicator of whether or not alternate 25
antenna sanpling should occur. O course, a sinple rule is to sanple at a
mnimumrate at all tines and at a higher rate when the S/N falls below a
threshold. A sanple rule mght be that when the serving antenna S/ N <
threshold => sanple alternate antenna everﬁ410th synbol (1920 sanpl es 30
per second). The sanple rate can be as high as one sanpl e/ synbol (19200
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rate could vary from 8 ? es/'s en ate. Thus
the ability to sheWin hﬁglgw @géﬁe%&&@l scriber unit
10 902, shown in FIG 9, the d1ver51ty 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
15 the radio subscriber unit 1002 of FIG. 10, the radio subscriber unit 1002 is a
radiotelephone subscriber unit. The radiotelephone subscriber unit 1002
comprises the switched antenna diversity receiver apparatus 106 and the
controller 814. The switched antenna diversity receiver apparatus 106
prodilces the first received information set 835 responsive to receiving the
20 first RF signal 808 modulated by the digital 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-an analog modulation method 807. The controller 814
controls the switched antenna diversity receiver apparatus 106 responsive
25 ‘to the first diversity algorithm 834 operating responsive to the first
received information set 835, and the second diversity algorithm 836
operating responsive to the second received information set 837.
FIG. 11 illustrates a block diagram of a radio system 1100 including a
sixth embodiment of a radio subscriber unit 1102 incorporating the first
30 embodiment of the radio subscriber unit 102 of FIG. 1 and the third
embodiment of the radio subscriber unit 802 of FIG. 8. All common
elements between FIGs. 1, 8 and 11 are labeled with the same reference
numbers and no further description will be glven for those same reference
numbers.
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10 than a non-CDVA radi o subscriber unit marks a major difference from
traditional swtched diversity nmethods. FIG 6 illustrates a flowhart 600
further describing another portion of the flowhart 200 of FIG 2. In
particular, the flowhart 600 provides further details of steps 205, 206,
210, and 212 of the flowhart 200 in FIG 2_ 15 regarding the controller's
sel ection of the selected antenna state reé@onsive to the ratio Ec/lo. If
the controller 108 only needs to sel ect between two sel ected antenna

tates, at st 60 . L
?ngi gzt eg b>sl ggf t edﬁf Iﬁ%ﬁ%@ieg&@&%ﬁ%&;@ﬁsgir)]%ﬁsﬂtegliﬁ%%ﬁgi?sla:aliguag A
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602, the contrﬁ’lgpﬁ'isa%@;c efiﬁﬂnﬂ F?t& @Zﬁ?ﬁésﬁ@%‘%&%ﬁ%&%@o‘ﬁﬁ%ﬁ%&%‘gpne
in thﬁ first s@D88%)signalat BherPSSSreignalrinalpdesatileasttorewiaded pilet sighal second
switch 120, an h ] j : frfcﬁfdﬁsi RFzéag‘nﬁ’f 0,
the first sel eﬁ%d@%gﬁﬁiﬁb%@gﬁg%%ﬁgl?ﬁee poss?gfﬂ}:ée\fﬁtenn 2
conbi nati ons. Foddntarferipg pignRlH86510 or 212 are used, the first 30

sel ected sjgte excl gpesdwdlanbae cénhmra@daétélegmr@rutwsaﬁbéﬁﬁnimmr allel. In

Cor rbsponti ng. POMPHSES FrieNCIRsh NSRS R DECEbreE APparabia A0 gnd fo
antennas at a ebhtroHegt08.s Theswitdwd Anteanaativesity tekeivet apparatus d06! G
310. - produces a first received information set (JRSSI 144 and Ec/Io 142)
_ responsive to receiving the desired RF signal 808 modulated by a code
15 division multiple access (CDMA) modulation method 805. The first
received information set (JRSSI 144 and Ec/Io 142) 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 first composite RF signal (JRSSI). The switched antenna
20 diversity receiver apparatus 106 also produces a second received
information set (RSSI 138), different from the first received information
set (/RSSI 144 and Ec/Io 142), responsive to receiving the second RF signal
868 including the desired RF signal 810 modulated by an analog
modulation method 807. The second received information set (RSSI 138)
25  comprises an estimate of a received signal strength indication of the
second RF signal (RSSI) 138. The controller 108 controls the switched
antenna diversity receiver apparatus 106 responsive to a first diversity
algorithm 834 operating responsive to the first received information set
(/RSSI 144 and Ec/Io 142), and a second diversity algorithm 836 operating
30 responsive to the second received information set (RSSI 138).
The first diversity algorithm 834 controls the switched antenna
diversity receiver apparatus 106 via the first 146, second 148 and third 150
control lines. The second diversity algorithm 834 controls the switched
antenna diversity receiver apparatus 106 via the first 146 and the second
35 148 control lines.
What is claimed is:
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32 At step 604, the denodul ator 128 determines the ratio of Ec/lo fromits
rake fing Referring briefly to FIG 1, Ec/lo is provided at |ine 142
for each M At step 606, the determ nation is nade

whet her anmmﬂm ' -Ec/1o is above a predeterm ned threshold which
s set to e ﬁ'mmwg,ﬂgmam mum frame error rate (FER). In the
preferred enbodi rlenty, «Traxi mum FER i s 14gand the predeterm ned threshold
is approximately -14 dB. New Ec/lo information is available after every
synbol period. 10 I f the determ ngif} at step 606 is positive,

then, at step 607, the controller 108 maintarns the first antenna 114 and
the second antenna 116 in the first selected state. Fromstep 607, the flow
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a

rake finger f t denodu) ator. 128. t I d f

ant enn:asgwi ISI OF"é:ﬁ];Heq’f *}eﬂnfpafgl“%[ ﬁ‘rglq(ﬁpgt géqs%@t gﬁst}?ﬁ%ﬁﬁaﬁﬁp faa%%gggl %nq{éﬂ%a’

;?t Is?ZpEgé)lfis)i gﬂ?;g?howwhqamiagethers&pedfzt hreshold. If the determ nﬁt i on
. e

first antenna 114 a%%eég‘é%l_g%ﬁg%geeﬁ% @i%a{lﬁga %&@&ﬁ?ei:&s%‘?ﬁﬂg? grtae by

confi guring t heompositegadiafrequency RF)sigpakifrom the fivs antenna and thee third

swi tch 122. W‘ﬁheoﬁﬁéﬁt%%l Pébg%&ﬁ@él 2Gvheibirtife célﬁgo%@ Qﬁ@iosﬁéq&lz;g Ry e

can be any of t] hree poss| bl e epna_conpj nati Qns and .when,/steps, 210 or
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an estimate of the composite RF signal responsive to receiving at least one
of the first representation of-the composite RF signal and the second
representation of the composite RF signal; and _ _
15 controlling a selected state of the first antenna and the second

antenna responsive to the at least one ratio. -

2. A method of operating a radio subscriber unit according to claim 1
- wherein the step of controlling further comprises the steps of:
20 maintaining the selected state of the first antenna and the second
antenna when the at least one ratio is favorable; and
changing the selected state of the first antenna and the second
antenna when the at least one ratio is unfavorable. '

25 3. A method of operating a radio subscriber unit according to claim 2:
wherein the desired RF signal includes at least one data signal, the
at least one data signal includes a plurality of sequential symbols
representing data, and each of the plurality of sequential symbols is
divided into a plurality of time periods called chips; and
30 wherein the step of changing occurs at an edge of a chip.

4, A method of operating a radio subscriber unit according to claim 3
wherein the edge of the chip corresponds to an edge of a symbol.
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di scussed—hereinabove with reference to FIG 310. At step 610, the
controller again determnes the ratios Ec/lo fromthe rake fingers of the

receiver iﬂ ﬁﬂ"""'ﬂm, .. At step 612, a determination is made whet her
at | east 4 H) i s above the predetermned threshold. Step 612
performs a sifilar furfcti*on to step 606 wherein, for exanple, the

predeterm ned threshold is approximately -#4 dB. I1f the determination at
step 612 is positive, then, at step 614, the controller 108 keeps the first

antenna 114 ang, t he AS@AREAd 36+ BPLAtinda iridRPsubsttiber uaichaHihed averbity e
The flow fromstep 614 then ret r(i[s tool%qetp 10 wherein the contyoller
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det erni nat i on &ignel énclades axdesingsk RY signaland interferng signals and wehereitp 616

when the contr ghé gesitéld mféigﬁapukﬁid&% IbidtheS@I R pilotsdighsBartd at feast he
first antenna 114 and {he_ ,second aptenna 116. é*aget he %r G

l,o t 200 of F
2, the control PBE sighalcvhepan tog atdepst one S AFUSeH A B a‘i‘a& nas
114 and 11§0at seqwadizlymbisls 26fresenting data, and wherein each of the plurality of

sequential symbols is divided into a plurality of time periods called chips;
measuring at least one received signal strength indication (RSSI) of

the composite RF signal responsive to receiving at least one of the first

representation of the composite RF signal and the second representation

15 of the composite RF signal;
integrating the at least one RSSI of the composite RF signal over a
plurality of the chips to produce at least one integrated RSSI of the
composite RF signal; and | |
controlling a selected state of the first antenna and the second
20 antenna responsive to the at least one integrated RSSI of the composite RF

signal.

6. A method of operating a radio subscriber unit according to claim 5
wherein the step of controlling further comprises the steps of:
- 25 maintaining the selected state of the first antenna and the second
antenna when the integrated RSSI is favorable; and
changing the selected state of the first antenna and the second
antenna when the integrated RSSI is unfavorable.

30 7. A method of operating a radio subscriber unit according to claim 6
wherein the step of changing occurs at an edge of a chip.

8. A method of operating a radio subscriber unit according to claim 6
wherein the edge of the chip corresponds to an edge of a symbol.
35
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At step 6I6 the controller 108 changes the first antenna 114 and the second

antenna 11 NI”“ nctied state by configuring the first switch 15
118, the s Hmml ﬂ Iﬂﬁ ﬂ and the third switch 122. Wen representing
steps 205 or 2006, the tshird del ected state can be any of the three possible
antenna conbi nations. In the preferred enb ginent, the change to the third
selected state is nade at the chip edge coa esponding to the synbol edge.

Changi ng the selected state of the antennas at a chip edge is 20 discussed

et or mnos t hehat 1 ot B O e o B e 208 20 |

( ) i ngers Q nmodul at or as in .
steps 604 and M&ﬂremﬁsqgﬁpezfcﬁ% {%3%“5@\@%914@"??&2@‘*\/?2@%8' the ratio of
Ec/ Izg i's a_b?)ve Ehet Ebﬁgg?ﬁh@ﬂhe(teld&t@?mdofﬂwﬁdﬁta&ttenm ahdrthetsesomp 620
IS simlar e ryinations [ t | f
t he detern nat PH‘%HP 9 gﬁﬁé% (?ige 38 %@ﬁ%ﬁ/ﬂl’ﬁqg‘&% rse?‘ Eﬁ’ggfﬁg%ﬁ@S%ZRF
control | er 308sigrapdramebdthribie first antenrialand ke sheond entenranwhendhe16 in
the third sel e?{\t%%rft%ﬁﬁ%%l@%&é)ﬁﬂléh&ﬁﬂcomi nues from step 621 back to

ete

step 616 where controll'er _again’'d rmnes the ratio of Ec/lo fromthe

rake 30 fingers of configuuing:the sehgted state of dae Sirsh antenss and Hesse i s
negative, thenanginrtd S0 tRalthel divefsif f&telwir aRfs fdebivies 'thé cafipusiee RE4
and the second antenna 116 to the fiyst s?le t'ed Ps_'ia. e. In the preferyed
enbodi nent, t hél ﬁ@@ﬂb%‘gaﬁrsow %‘ﬁeé@hiaaeéﬁg’e%e St%g‘i!)*‘oﬁ‘%ﬁ%'ﬁiq W ‘%’g}%ol
edge. Changon_gth@@q&gk@&ﬂenssnﬁtmboﬁaolei he antennas at a chip edge is
di scussed herei nabové with reference to FIG 310. The flow conti nues from

step 622 to step 202 of FIG- 2.
10. A method for operating a radio subscriber unit having a diversity

receiver apparatus including at least a first-antenna and a second antenna,
the method comprising the steps of:

15 receiving a first representation and a second representation of a
composite radio frequency (RF) signal from the first antenna and the
second antenna, respectively, wherein the composite radio frequency (RF)
signal includes a desired RF signal and interfering signals, and wherein

_ the desired RF signal includes at least one coded pilot signal and at least

20 one data signal, wherein the at least one data signal includes a plurality of
sequential symbols representing data, and wherein each of the plurality of
sequential symbols is divided into a plurality of time periods called chips;

determining whether or not the desired RF signal substantially
dominates the composite RF signal; '

25 when it is determined that the desired RF signal does not
substantially dominate the composite RF signal perform the steps of:

determining at least one ratio of the at least one coded pilot
signal to an estimate of the composite RF signal responsive to receiving at
least one of the first representation of the composite RF signal and the-

30 second representation of the composite RF signal; and

controlling a selected state of the first antenna and the second
antenna responsive to the at least one ratio; and |
when it is determined that the desired RF signal does substantially
dominate the composite RF signal perform the steps of:

35 - measuring at least one received signal strength indication

(RSSI) of the composite RF signal responsive to receiving at least one of

(C




34 The se nt, described with reference to FIGs. 1-6 and
the foll own descri bes a method for controlling a diversity
receiver a M‘“@"w, 0 subscriber unit. The radi o subscriber unit

i ncl udes a e diversity receiver apparatus having a first 5
antenna and a second antenna The controller controls a selected state of
the first antenna and the second antenna ré2ponsive to at |east one of: a
ratio Ec/lo of a coded pilot signal Ec to an estimte of a received signal
strength indi cgd ?%S??Les%ﬁt%%fpﬁtﬁ@cgﬁg%ﬁ@ﬁ %?aﬁﬁﬂ%&%%céﬁﬂ egration

. of the RSSI ([erT e recelve
illustrates a reprerentatign:of e compesite stﬁlgmhoo i ncluding a second

enbodi nent of a radio Suh&igke&ﬁ{ o B ht A3t of@ RESRlOF Yhe by o%ﬁhCRBut?‘all ber
~unit 702 in FIG 7 i the radjo su scrlber n|t

~except that the@VeR @yigragyy EEF\F& saB’pBﬁ:oéi‘lFS qtﬂ Eﬁfg

. 702 is a se§ ecu)m oditgeREm al:eapdver apparatus 704 V\her eas, the 15

. diversity recei ver apparat u 0 hed
- antenna diversity recei V8?n§8m§nge%%éf)séﬁqgéfﬁ{%)ﬁkgm%%mn g#tﬁween
FIG 1 and FI Ganfermaeresponsive toiat edsh eneafetheeftdeastomernatioeand almiah least

present ed 1o 1 Prbaficiraterd RSt e Mo pOR R B C ! ared i n the 20 |

swi tched antenna diversity receiver apparatus 106 of FIG 1, as supported
by FIGs. 2-6, also apply to the selection diversity receiver apparatus 704
of FIG 7. The selection diversity receiver apparatus 704 generally -
includes the first antenna 114, the second antenna 116, and first receiver
126 (each 25 shown in FIG 1) as well as a second receiver 706 and a
switch 708. The second receiver 706 generally includes the sane el enents as
t he flrst

J




receiver 126, as shown in FIG 1. The second receiver 706 produces a
defrodul ated signal at line 714, and a RSSI -at line 716, an [err]RSSI at
line 718, and a ratio Ec/lo at |line 720. The operation of the second
receiver 706 is 30 the same as the operation of the first receiver 126, as
described in FIG 1. Therefore, no additional explanation is given here. In
addition to the signals received fromrecei*er 126, the controller 108
receives the RSSI at line 716, the [err]RSSI at line 718, and the ratio
Ec/1o at line 720. ThevsthddcHof €oaitn?En tA Dikvefsity RetstveriA paeatigodul at ed
signal 35 (Dx) at line 140 fromih | st recejiver. 126 and at a second
~input termnal the denodul at ed siltgh;kéiﬁbs%hsqfﬁ%% fromthe second
recei ver 706. The 35 switch 708 al so receives a control signal at line
722 fromthe controller 108. The %ﬂ;ltrolt iilgnﬂ. i22 control s whet her the
denodul ated signal at |ine 140 fr&frtH r 126 or the
denodul at ed5signal at line 714 fromthe second receiver 706 is routed to

h X i Q1gad; (1t ' :
the controller at |ifgadRdurthabel ht 1D %pfafxgé%ﬁ%aé&‘@ﬂg%ﬂﬁ?sf (oshc

controls the selectjion diversity receiver apparatus res

rati o of Ec/|oinelHdingpdirbantensa (Btranda sesend aptenny (136hn |
[err] RSSI. The repRisahtadidrof158)18nd iR ont iepredentatish [16096f hceRRpSdikerddiot he
ratio Ec/lo i sﬁr)ow deschﬁed&r@lhe first c{&%glv r 126g%§ner?i€ﬁ@e}‘%h{st 10
recei ved si gnalfrequencydRE} signal are-receivig ¢ fgstariienna © Ec/lo
at line 1420r esecmdl Hﬁtél‘?lal’ ﬁdejﬁ\téspedtivef Iy.i The asitentadio sreqlieficp(RFpe
conposite RF si . £r t he st __ant a ldd. The second r | wgr 706
generates a se@%é@&dﬁggﬁ'sﬁﬁi{%ﬁﬁn@ﬁm)aﬁg "od b‘gﬁgrfagﬁgf&ghﬁe .
desired RF signal (156) includes at least one coded pilot signal (Ec). A ratio
(Ec/Io) (142) qf the at least one coded pilot signal (Ec) to an estimate of the
composite RF signal is determined responsive to receiving at least one of
15 the first representation of the composite RF signal (158) and the second
representation of the composite RF signal (160). A selected state of the first
antenna( 114) and the second antenna (116) is controlled responsive to at
least one of the ratio (Ec/Io) (142) and an integrated received signal
strength indication (JRSSI) of the composite RF signal.

1

20
Figure 1 accompanies this abstract.



ratio Ec/lo at |ine 720 responsive to receiving the second reg%qigpa$$+gp
15 160 of the conposite RF signal 156 fromthe second antenna

controller 108 then selects either the first denodul ated si gnal line 140
of the second denodul ated signal at line 714 responsive to at | one of
the first ratio Ec/lo and the second ratlflEc/Io. Thus, the radio _
subscriber unit 702 is operable to control the selection diversity receiver
apparatus 704 20 responsive to the ratio Ec/lo. Next, the operation of the
radi o 9ubse+|beﬁqunkf—VOQ—fespen3k¥e Le_Lhe_LerLLBSSL_ls_desgxhbe The

control | ery measures af st of e conposite RF S|gnal 156
responsivg to recetyi he first represent ﬁ{o 1 0 the conpgsite RF
signal '156. The cont I$&r also 25 neasureg,®.3ec at I|ne 716 of

t he conpoiite RF sign 56 responsive to r ce| g}éz 5y second
representation 160 of conposite RF sign |ntegratQ 130 of
the first receiver integrates the firstpRYS conposi®e RF signa
156 over pl ukal +qy I PS_] ugei-a SSI ,of the

conposi t e 'RF sj gnal 155; Ihe} |ntegré&o 1¢ bf 30 uhe secqnd rafeiver 70
I ntegrates the secgpn ver pluralit

\

a t heg@0 |t '
of the chips tb prpdlcg s% ond Eér at” | iwhe {18 of he conposite
signal 156. The copty ol“Pgr 8 sel t r tBp first de ted signal
at line 140 or; tRey sel ul |gnaE at ¥in 714 rnspo ve to at
| east one'of tlheXfj rkt _r] | at I ’14R of %-he |35 TDOS RF 5|g
156 and the seconJ [ler | at ISpelX18 ofsthe“jorrposit& SI naI 156. :
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The third general enbodi nent, now described with reference to FIGs. 8-11,
descri bes another—method for controlling a diversity receiver apparatus in
a radio subsc&,bib_er unit. The diversity receiver receives either a first

Ve

radi o frequen Begn Replavedlul at ed by a digital nodulation 5 method or
a second RF sij by an anal og,qqodul ation nmethod. In one
enbodi nent, th ntrols the cﬁ versity receiver responsive to a

first diversity algorithm n the diversity receiver receives the first RF
signal nodul ated by the digital nodul ati on nethod, and responsive to a
second diversity algorithmwhen the 10 diversity receiver receives the
second RF signal nodul ated by the anal og nodul ati on nethod. |In another
embodi ment, the controller controls the diversity recsiyer responsive tq a’
first received infornhtion set when the diversity receiver receives e —
first RF signal nodul §ted by the digital nodulation nethod, and rflsg_onsi ve
to a second recei ved ' Anforyation set 15 when the 'X rsity regéi‘ver

recei ves the second RF al nodul ated by th I"og” nmodul at | thod. |
FIGs. 8, 9 and 10 AZae¢h i / of a radi(a)\‘gi\?g?ée]fn%wé‘
including an e \ FI Gs. 8, |BFanesl ar 4
general |y desc bel ow. PEAREMNE o t
Recei ved | nf 5 Fréigwal t e THE Secomd
1 FIG 8 A PeepeTérRmi - _ 2 G | ARTeRNA 2
1 25 R Critésuord . Down1 NATE abseoitis )
radi o subscri bex %@“%%Wﬁin ble 1, |.evder Tre

frssr or
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respomnsive 7o
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30 « onIy one diversity algorithmoperating responsive to only one received

I nformati on set——*yprca%%y——the—0n+y one received information set is an

esti mate of the ﬁtrength indication (RSSI'). Typically, the
only one diverS| *Used to control a diversity receiver
appar atus enbodi e u o subscrj r unit adapted to receive a RF

35 signal nodul at nndulatlon nmet hod. 37 The radio
subscriber unit of FIG 8 as shomm in Table 1, uses two or nore diversity
al gorithnms: responsive to only one received information set. The radio
subscriber unit of FIG 9, as shown in Table 1, uses only one diversity

subscri ber unit of FIG shown,,i Table 1, usps two or nore diversity
al gorithns respo | -‘EBFECEIVEd i nforhation sets,
respecti v% bl ock di agram of' a radio ﬁj-s,tém 00

T

al gorithmresponsive to tw nore recetved |nforn%;ion sets. 5- The Tadl

|nclud|ng rd ems # radi o subscriber unit- 802. 'The r
system 80, d;fgeneral «fes the radio subscrdber unit 802, flrst
. base stat| oB@%ase stat trans 806.

: anscei ver
- The first base stpatze

. 808 using a first| hiad
 transcei ver 806 t s
- nmodul ati on net hod 7
. diversity receivg
816, and a transri

ansmits 40d receives RF signals
he secon% base station

ggﬁggggqbyas RF signals $10 using a second 15
bscriber unit 802 generally includes a
Z% contrjol | er 817, a 9§pr |nterface unit
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unit 818. The diversi ty receiver apparatus 812 generally includes a first
antenna 820, a second antenna 822. The controller 814 generally includes a
20 first vhivshe& HhyBeoh Blacddhm 834, and a second diversity al gorithm 836.

The operati subscri ber unit 802 is now described. The
diversity r us 812 recei V%Zlfne of a first conposite radio
frequency ( and a second coiposite RF signal 868. The first

conposite RF signal 866 includes-a desired RF signal 808 nodul ated by a 25
first nodul ation nmethod 805 and interfering I’gl;akg 864. The second )
conposi te RF si gnakasb Ideé,s?'é IRl ¢ grfal 810 nodul ated by a
second nodul ati on nmet hod” 806 ,and interfering signals 864. The controller
814 controls the dixersity r L Ver—appar atus~812 resp ?y/etoafirst
di versity al gordthm 834 i i ty‘{gcéi ver apgz 4t'us 812 receives

30 the first si ppal %g fi,rst nod j on met hod 805,
and a second divers a rit¥m 836 n the cli versity receiver apparatus
812 receives the se bt BB dul ated by the second nodul ation

met hod 807. Thel contTolTer 8l4—coenrttots—tihe \Trveylm%y reCelr Ver_appar at us
812 via one or nore ines 842. 35 38 In the preferred \
enbodi nent, thg di v%mre i RiFaleids 8 .2‘produces a first receivefl
i nformati on set| 835 Y Ngj t iving the first RF signal 808
nodul at ed by the fir|st dul atr.on ﬁt hod 805, ng a second received _
information set; 837, Wf‘éfep%“#oﬁ«gh first Ie ei ged 5 information set
835, responsive|to rleggl VLR jdEe wgcongd RF signa “E 0
Htes SRSST wndee, ]
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" modul at ed by the second nodul ati on net hod 807. The first diversi ty
al gorithm 834 operates responsive to the first received information set 835
and the seCO‘nﬁ_d—“l VEersity algori thm 836 operates responsive to the second

recei ved infg %§gﬁiﬁ€j In the preferred enbodi nent the

first receive et 835 is exclusive of the second received

i nformation s%ﬂ' ﬂl the fi Péllreceived information set 835

i ncl udes [err] atio of Ec/l1 o0, and the second received
information set 837 includes a RSSI. Alternatively, the second received
information set 837 may be a subset of the first -15 received information
set 835. Alternatively, the diversity receiver apparatus 812 produces a
received information set 835 responsive to receiving one of the first RF
signal 808 nodul ated by the first nodul ati on nethod 805, and the second RF
signal 810 nodul ated by the second. nodul ati on nmethod 807. Both the 20
first diversity algorithm 834 and the second diversity algorithm 836
operate responsive to the received information set 835 via |line 838. Under
‘these conditions second received information set 837 is not used. By
exanple, the first diversity algorithm 834 and the second diversity

al gorithm 836 nay operate responsive to a RSSI. This exanpl'e nay be 25

i npl enented in a dual adi o subscri ber unit capable of oper tengdin

both an AWPS radio sys A 2nd a GSMradio s m Ther gf Lyersity
al gorithm i sgChag asponsi ve, t 1d 1typ mhll: 1'- hg RBS
to optlmzegh fagi—toittine gl verdi UM r dcdi a?oam S o] n
different r&gi oosystene: £ WETh ' ! b b1
the radi o swhs®M et 2 o rerfe rece %% . nal
808 nodul at €4 (1§ vS'Iﬁldg_aMhe Sadhd 5, oiithw1- 2 R-i-aal
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second rmodul ation et hod 807 based on a predeterm ned system sel ection
al gorithm wnisﬂiéetmﬁ&ﬂﬂéﬁeg 0 an input fromthe user of the 35 radio

subscri ber . In the preferred enbodi nent, the diversity
receiver ap Mﬂ!ﬂHBHIl a switched antenna diversity receiver apparatus
106, as sho I "M"hes. A switched antenna diversity receiver 106
apparatus is generally described in the ®ddkground of the invention of the
present disclosure and 5 is shown in FIG 1, for exanple. Alternatively,
the diversity.-receiver sz&g:&,gzz,ﬁ%e' ' %ver sity receiver
apparatus .704. A sel ecfl on " versity. réceiver app.a?q;(?sk' 4 is generally
descri.bed in the background of the j,nventj on of -the present disclosure and

is shown in FIG 7, fqrgzexgnp Qi e—EH= -S4y €C €V, ar at us
VAT I i onage i &A1 %7 b o B

812 may also 10 be a e . - | 1 9 0 ec par at us
844. A maxi mal r@bzo\§onblk hv;ﬂﬁf" 2P argtus 844,|

general |y described i he ,gagfg und of,. emiépven on ¢f the«gz—ébs%ent
f<iirrey bt én T ﬁrf’ZTh first modul ation

di scl osure and i s wel

V/,
met hod 805 and the sefgoptl ndl 210y 15 pelbod £06.8Ry [each be either a
di gi tal nodul ation nmethge—e “"‘,”- rpeat--on-@et-hdd. Further, the
first nmodul ati on 805 and-the second npquiariTom886—aay.each he different

di gital nodul atipp | B 0kl iHco ali—onR 56 Ay fon met hods. Thus, by
exanpl e, the radid sthsgzj hew, wa £ah adapt ALhe dijversity freceiver
apparatus 812 20 respotrst nodulatT on_ hretfihods.




For. exanpl e, the first nodul ati on nmethod 805 nmay be a digital nodul ation
met hod or May;sRRecAhs RO RRGIade®duUl at i on nmet hod. Again, by exanple, the first
nodul ati on ne e a first digital nodul ati on nmethod and a second
nodul ati on ne Umﬁulm‘lﬁe a 25 second digital nodul ation nethod, .
different fro gital nodul ation method. Again, by exanple, the
first digital nodul ati on nmethod 805 may Bdla first anal og nodul ati on met hod
and the second nodul ati on met hod 807 may be a second anal og nodul ati on

nmet hod, differpept~fremnrtire~fTrst amal og—modotat Fon methoe— 3 The

di gital nodul Ati on nethods may include, for exanple, Code Di \O/i‘ti on Multiple
Access (CDI\/A){ nodul ation nmet hods, Tinme Division Miltiple Access (TDWA)

nodul ati on nmet hods, Extended- Ti®e Division Miltiple Access (L& TDVR)

nodul ati on thods, and Q dbal SystfmTor bi Il e Communi cati 05 (GSM

nodul ati on nmgt hods. The anal og 35 n met hod may i ncl , for

exanpl e, Advanced Mobi | e Phone Syst modul ati on nmet hods, Narrowband
Advanced Mbbil e 40 Phone System Total Access Conmyhi cations
System ( TACS] nodul ati on net hods, a t erjded Total Access C3fmuni cations

System ( E- TACS) nodul ati on net hods. preferred enbodi rrea._t, .the first

nodul ati on thod 805 is a 5 _di gitaﬁ dul ation net hQd, and,wjn
parti cul ar,rE CDMA nodul ati on t hod. ™n the preferre&senbodi NENnt, the
second nodul ‘ation nethod 807 i Yfam amatbg—modeati on_n&t ho d, in
particular, an AMPS . - ' ; ¥
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modul ati on nethod. A radio subscriber unit 802 that CW| S
using a 10 first nodul ation method or a second nodul a4 thod IS known
in the art as a dual node radi o subscriber unit. This

that the sane radi o subscriber unit 802 may operate wmﬂ ﬂ’ d| o
systens, each radio systemnodulating their transmtte ng a
di fferent nodul ati on nethod. In the prefé&ted enbodi nent, one radi o system
is a 15 digital systemand another systemis an anal og system The prior
art does not address adapting the diversity receiver apparatus of a radio
subscriber unit™Tactording t© TherTad stenT the radro~—dubscri ber unit is
operating in. jTherefore, the radfo i ber unit 802 advantageously
optim zes the,operation of the df wergity]receiver 20 apparatus 812
according to dadi o systemthe rap sgriber unit 802 iys operating in.
Wt hout this hdvantage, a prior jart ?di:&/efsity recei ver apparatus in a radio
subscriber unlt may be optimzed ustTAg-onhly one diversity al gorithm when

the first RF pignal is nodul ated by ghe first nodul ation,mathod ina first
radi o system, When the s ' ~is 25 nodul ated’by the second RF

signal, the sane one ©&
i mprovenent oh the fecqpKE8h wof. . or gay even
potentially harmthe rede; 4 gcnd RF signal . Under these
ci rcunst ances, : j Egrlthm may [si rrpl'yAnot be

conpati bl e bqt D ,
subscri ber uqlt ) | O - ance . of tHe Qne diversity- a
al gorlthmvvh n o n , | pcond RF sifgnals ®re received igw
order to wor uat el y\ Dot L ¢ secp nodul ati on h
nmet hods, res ecti'-‘nely. ‘The prgg pes not hafrqthe RF 5|gnal°
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35. 41 The first di versity.al gorithm 834 and themrrd—‘dﬁrefs-l—pf\

al gorithm 836 nmay each be well known in the art. Inntupghear ferred
enbodi ment, the first diversity algorithm834 is a u < W?‘bity
eto

al gorithm and i s described in the present application
FIG. 1-7. FIGs. 1-7 5 describe a diversity algorlt ing a

di versity receiver apparatus receiving a9RH si gnal m)dul at ed by a CDVA
nodul ation nethod. tn the preferred enbodi ment, the.second diversity

al gorithm 836 js—a—tonventTonal dfwetsity: al gorithm Gsetd—for an AWPS

modul ation nmethod. In sumary o® ft hegpreferred enbodi nent as represented in

FIG 8, 10 thF radi o subscri bef® uﬁ %&02 -i's a radi ot el ephone subscri ber
w

unit. The radi pt el ephone subscri Rle conpri ses the sw'tched antenna
diversity recel ver apparatus 106 ant control l er 814. The swi tched

ant enna di vers‘ty recei ver apparatus 406 receives the firgt radio frequency
(RF) signal 808 nodul ated by the digi}fal nodul ation nmethog 805, or the
second 15 RF;signal 810 ALnd I ~apdul ati oh method 807. The
controll er 814 control
106 responsived to the f en the switched
antenna diverdity receivd £ g fir kRF si gnal 808
modul ated by jtheydigital duN §,%and {t he s%ond di versity,
20 algorit hm(83gwhen t Wi t Cj [ ver appar at us S
106 receives fhe

[
I'TEthOd 807. ) ~ 5~ ws.
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Thus, Ehe radi o subscriber unit 802 not only adapts its operation to the
dual - node characteristics of the radio system 800, but also adapts its 25
operation to control the diversity receiver appar atThis ﬁéﬁﬂmﬂdmﬁ&dt o the

ver

performance in dual radio systenms. FIG ¥04M ustrates am of a
radio systemincluding a 30 fourth enbodi nent of a radi o subscriber unit
902 as an alternative enbodinent to the third enbodi mrent of the radio
subscriber unit 802 of FIG_8. Al _comon el enents between FIG 8 and FIG
9 are |abel ed with the same ref ~efee—ryunbers and no furk her description
will be givep for those sane wef er@ace hunmbers. 35 421 The diversity
recei ver apparatus 812 produc‘ég ﬁiﬁ kst |recei ved information set 835
responsive tp receiving the fi Ns¥g gzxi ynal 808 nodul atdd by the first
nodul ati on nmpthod 805, and the [sECGN® r fcei ved i nfor matiton set 837,
different frpmthe first received ifformtion set 835, 3 responsive to
recei ving the.second RF signal 810 dul ated by the secqnd nodul ation

nmet hod 807. Fhe cont%gk . ' ' Lty receiver apparatus
812 responsive to oneggo0 iron“set 835 and the

sel ected node in the radio system 800. Therefore, th [ ei ver
apparatus 812 al so has dual -node capability to offer
a

second receiVved i nfor e preferrfd e i ment, the
d iVed i nf oraf h f d etkbed h
control |l er 8&4_controls éeceiver'appaq us 812 responsive
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834 :operating responsive to the first recelved |nfornat|on set 835, and the
second diversity algorithm 836, shown in hatched | T aced
responsive to the second received infornation set 8 t he
second diversity algorithm 836 operates responsive t ecelved
15 information set 837 via dotted line 904. The first diversity algorithm
834 does not operate responsive to the seblddd received i nformati on set 837,
but only the flLsL.LegeLued_Lgfornatlon set .835. An exanple of this case is
described with,reference- ‘nat|ve+y-—the-eonLroL$e&—814 may
control the dijérsity %ec . ve tqo th

diversity al gorithm 834+ & first received

i nformation sqt 835, and {t et 837. By
exanpl e, the ffirst recel\le'h1 +’a ratio pf Ec/lo

and the second receive ' 3. By t sane
exanpl e, the diversﬁty alegrict S thg,dlver5|ty ecei ver
apparatus responsive tp }h qug '_ ' D the réqeived
informati on s¢t. For gxanpyg, ne |nfornat|o be defi
as the magnitlhde af tHe ra®ijo df Ec/¥o RSSL  Typi cal Iy, & higher o
magni tude of the ratid &f B¢/ of or i Iueng SSI i$ in |cat|ve of
hi gher qualit 30 71> wi WSt hel {Bilrd égbod®¥nent of the r _
subscri ber unlt sho iL F 8l Th t Bulagjonfnet ofl 80 and tm3§
second nDduIaﬂlon net1op dJI ea 2eit §r as igitahﬂnodul%tlon nei%pd
or an anal og nodul at i%n gpthod urt hep t! i rs§; modul at\pn hod 805
and the second nodul gipn nath 8074 3be hgf rent [di gi 4l w
nodul ati on 35! et @ds or di et Cy P UlathF net hods. % Q
O
I set > 4 -
T uel u 3
| % % oY - P S . !
E | 8 "ME é \
NI
| v 1y TR kY | N
| |3 §' - § o § { ‘ Aa
515wl R .
| e < NHERL A ¥ L
|E' Voo ﬁ%_ | |8 13
| s NI
ERE= . WA F
A N » &
ll 1‘:\_ <~ ! ’
| g = | l
I< -
| |§ =~ ! |
k ~] |1
3 ®
:“ ‘Li“ﬁ- )

|
J
207? I";

1 ® on [
D homlEY R,
3 %o |3 3
£ Predliall
& | éfiét




43 Also,
FI'G 8,

as wth the third enbodi nent of the radio subscri ber
the diversity receiver apparatus is preferabl y a sw tchec\?%enna

diversity receiver apparatus 106. However, the diversity receiver

may al so be a selection diversity receiver apparatus 704 or a 5 nmaxi mal

rati o conmbi ning diversity receiver apparat

enbodi nent of the fourth enbodi ment of t

FIG 9, thefradio s
The radi ot e} ephon

recei ver
diversity rgceiver
set 835 responsive

di gital nodpl ation

cdifferent flomdeff—+

 receiving the degoh
met hod 807.; Thd op
recei ver appar dt ug
set 835 and,t hd

)

bl ock di agram df =5
subscri ber bnitl 3P
fourth 902 gnbddiok

common el enent d

reference nhnbdr &h

ref erence nlnbdr &
diversity r CGI'VQJ;

FIR

- SWITCHED ANTENNA DIVERSITY RECEIVER APPARATUS 106
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apparatus 812 and a controller 814. The diversity receiver

apparatus 812

produces a first received information set 835 responsive to receiving a

first RF signal 808 nodul ated by a.first nodul ati on net hod
second received information set 837, different fromthe fir
i nformati on 30 set 835,
nodul at ed by a second nodul ati on net hod 887 7ife controller
the diversity receiver apparatus 812 responsive to a first

805, and a
st received

responsi ve to receiving a second RF signal 810

814 controls
diversity

al gorithm 834 operating responsive to the first received inforpation set

835, and a second divegrsity algorithm 836 operating responsive t

second 35 received i nfformati on set 837. 44 As with the t

e
hlrﬂ'g%%%dinent

of the radi o subscribdr unit 802, shown in FIG 8 and the f

of the radio subscribgr unit 902, shown in . firs
met hod 805 and t he sed&Qnd nnggpﬁtlon met hod ny each bd
di gital nodul ati on fe an anal ¢ '-n nmet hod.

first nodul atio ;gm
be different .g'GREA 0

met hods. Al sO\_ag pf
802, shown in
10 902, shown in

preferably a sw tches

the diversity receiverf apparatus 812 may al

? “’eﬁé“&ff%ﬁﬁ

receiver apparatus 704 or a maxi nal

YES

rati-o cori ni ng di versi
appar at us 844.
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In summary of a preferred enbodi nent of the fift
radi o subscriber unit 1002 of FIG 10,
radi ot el ephone subscriber unit.

h enbodl nment of 15 the

the radi o subscriber unit 1002 is a
The radi ot el ephone subscriber unit 1002

conprises the switched antenna diversity receiver apparatus 106 and the

controller 814. The switched antenna diversity r
produces the first received informati olr:%jt’y%
20 first RF si gnal 808 nodul ated by t di‘gl t al

ecei ver apparatus 106
responsive to receiving the
mpgul ati on net hod 805, and

t he second received infor matlo set 837, dlf?ere
i nformation set 835, Q rece| ' the
nodul at ed by \ ,

the switched §
first diversifty

i nformation se Tesetong |ver5|ty al

2 pgr at‘ﬂg 1

nt fromthe flrst recei Jed
segﬁﬂﬁ 810

contrql
06 respon5|ve 300 to
e first recelvec

go |t 836 oper at

responsive to the second recelv', i nf orJ04i op ST 337 FTG] 11 i r atjes
a bl ock diagram adi o f 00 i ncl uglijng é
radi o subscri ber Pﬂc hefjir he
radi o subscri ber. ung ﬂﬁ the thir ijo
subscri ber unit BOEEL TE BY el énen d
11 are | abeled Wt & é“fg ne e(‘:HTF"EﬁGEn bel 5| a i qn
will be given fo SONBINGETO &' SiSaLC Enceufrbed S| fﬁ!ﬁm

enbodi ment, the o id |a
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~ COMPARE THE SRSSI IN REGISTER
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mode cel | ul ar radi ot el ephone subscriber unit. The dual node cel |l ul ar _
r adi 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 5
conposite RF signal 866 includes a desired RF signal 808 and interfering
signals 864. The desired RF signal 808 is a direct sequence spread spectrum
(DSSS) signal. The DSSS signal includes 4t A g#t one coded pil ot signal
(Ec). The second conposite RF signal 868 includes a desired RF S|gnal 810
and interfering signals 864. 10 ~ The dual node cellul ar

radi ot el ephone subscriber unit 1102 conprises a s a nnagli versity
recei ver afiROMaSTERS 1306, 3120 AND J3R2t0FoFIG3 108. The S\I\th gen diversity

recei ver apparatus. 106 Lpduges_a_ij§t received information set ([err]RSS
144 and Ec/lo 142) respgnsive t o-1406} vi ng the desi-red 480 si gnal 808

nodul at ed hy 4 S Ityple access (CDMR) nodul ati on met hod
805. The f:?rst Rﬁgi ﬁﬁdSﬂleté)mﬁﬁi s t ([err] RSSI 144 and Ec/lo 142)
conpri ses q r ot AND AENEW- ﬁSSi‘ VAUE. 5 Ii:ast one coded pilot signal (Ec) to

the first gonpg --e. . el aNgl an integration of an estlnate of a
recei ved shgnal strengt hy—eh ' warsje e—RFE—sTgmTat
([err]RSSIh The swi D _ant ennd Q dlwer5|ty recei ver apparatus 106 al 4o
produces a,secplfedipE Qi ' F slet (RSSI 138), different fromthe
first receiyved d r] S3l 144 and Ec/lo 142), responsive tlo

4 i ngl udi ng the desired RF signal 810
thod|807 The second recei ved

. |s S fgmat e of a received signal
? hé’E(R SI) 138. The controller 108

controls the sv' S g _ S|Qy ecei ver apparatus 106 responsive
to a flrstldlver3|ty al dorit hm 834 op¢rak|ng responsive to the flrst
recei ved irjf or mat ire S
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([err] RSSI 144 and Ec/1o 142), and a second diversity algorithm 836
operating 30 responsive to the second received information set (RSSI 138).
The first diversity algorithm 834 control's the switched antenna diversity
recei ver apparatus 106 via the first 146, second 148-and.. '. S0 control
lines. The second diversity algorithn18§§r9qr?rols tﬂﬁﬁ% (T Erina
diversity receiver apparatus 106 via th I r's A= 2
control lines. What is clained is: 46 Claims 1. | £
a radi o subscriber unit having a diversity receiver

| east a first antenna and a second antenna, 5 the greihoc he

steps of: receiving a first representati on and a sefond repré§€“““ of a

conposite radio frequency (RF) signgl fromthe first=emtenna.and. the fsecond

ant enna, respectipetryr WETET Tt ednposi te radi o frequency (RF) “si gnal

i ncl udes a desgryefl RF|sighal & imtegriering signals, and wherein 10 -the
~desired RF si g@al I nc] udeg a t%n& coded pilot signal; determ ning at

f §§d pilot signal to an estimte of
opsi ve {0 Feceiving at le wne of the first

-l east one rati
- the conposite %F\'

“representation of el 4nd fhe s Tepresentation of
t he conposite RF | 5 = onfoetti-rg & ed state of the
~first antenna andf &3r €spofsi v¢ to 4 east one ratio.
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2. A nmet hod of operating a radio subscriber unit according to claiml
wherein the step of controlling further conprises the steps of: 20

mai ntai ni ng the selected state of the first antenna and the second ant enna
when the at | east one ratio is favorable; and changing the selected state
of the first antenna and the second antenna when the at | east one ratio is
unfavorable. 25 3. A net hod of operatygaéé/qadlo subscri ber unit
according to claim?2: wherein the desire signal includes at |east one
data signal, the at |east one data signal includes a. plurality of

sequenti al synbol s FROM STEES 303 R0G.O210 AMDa212 BnBT6dach of the plurality of
sequential synbols_is divided ¥nto a plurality of time periods called

chips; and 30 602 | piackVier FIRs ARTENRA NS R SECORD#N0i Ng occurs at an edge of a
chip. 4. A met Rqd ANT menem’snmm%maw bscri ber unit ac ngzna i m
3 wherein the edgq CIONFIGYRING: FE CHES AB 40 an edge of a 5

5. A met hod for oﬂﬁiﬁﬂﬁﬁﬂmﬂ HhﬂéY ﬂE&l er unit having a d|v al
recei ver apparatus t antenna and g sec

the nmethod conmpgipsy 0 Lving a first reprgsentation and a
second represent ak i joDETERMINE THE nmo cfimel-'kmh o frequency (RH) signal from
the first antenna gniE RAE FIIEEBD Ak THEMEMOBMATOR. fespect i vel y, whgrein the
conposite radio frec® ) fPdes a desired RH sign and
interfering signals, and wherein the desired RF signal |nclud93' 7| east
one coded pil ot sigf6k and '

nt enna,
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one data signal, wherein the at | east one data signal includes a plurality
of' 10 sequential synbols representing data, and wherein each of the
plurality of sequential synmbols is divided into a plurality of tinme periods
cal |l ed chips; neasuring at |east one received signal strength indication
(RSSI') of the conposite RF signal responsive to receiving at |east one of
the first representation of the conposiﬁé/ﬂﬁllignal and the second
representation 15 of the conposite RF signal; integrating the at |east one
RSSI of the conposite RF signal over a plurality of the chips_to produce at
| east one i Afegrated RSSI™ of tTHhé& conposi fe RE signal; and conirollin }1
~selected sthte of the first antenna and the second 20 antenna respo%}&ve
“to the at |bast one i ntegrated RSSI of ™A
nmet hod of operating a radio subscﬁg
~the step oflcontrolling further con
f naintainLng'the sel ected state of th

posite RF signal. 6. 1
ording to claim5 wheglln

the pteps of: 25 =

enna and the second agEenna

~when the integrated RSSI is.favorable}. gi ng the sel ected staEE:'Of:E
~the first aptenna and the second ant emna_ he integrated RSSI is§' Lt
- unfavorable, 30 7. A meth@l of operstiffjg a radio subscrider unit =, £
- according tb claim6 whereinTthe step 8~ghangi ng occurs at < edge 6?|a°°
- chip. 8. nmet hod of operatiNQg i 0 _Jub [ ber_unit acqordi ng t63$I§Em
6 wherein the edge of the chip gpr an edle of a s\mbol. 3%, =
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the first antenna and the second antenna when the integrptg
favorabl e; and configuring the sel ected &;(
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