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BACKGROUND OF THE INVENTION
The present invention relates generally to
bidirectional radio communication systems, and more
particularly to bidirectional radio communication

systems wherein one transceiver transmits frequency
reference information to other transcéivers, the radio
communication system providing load control or utility
use monitoring. _ _

In a typical twoéway radio communication systen,
a base station operating on one frequency transmits to a
remote station, and the remote station transmits back to
the base station on a related freguency. The
relationship between the transmission frequencies of the
base and remote stations is determined by the licensing
rules of the FederaIICOmmunicétidns Commission (FCC).

* For instance, in the Multiple Address System band the
" base station and remote frequencies are separated by 24

megahertz (MHz). _ _
A dual carrier radio communication system becomes
problematic when high through-put communications are

required with a large number of stations spread over a

large geographic area. One base station transmitter in
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required with a er of stations spread over | ar ge
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10 " Alternatively, through-put may be anreased by

transmission of a plurality of carriers within an FCC
approved band. This is termed frequency division
multiplexinq. The cost of this approach is usually in 'l
the increased frequency accuracy required of the radio
15 transmitters. Frequency division multiplexing offers
the additional advantage that the frequencies can be
spatially reused; transmission'regions (cells) which
utilize the same pair of'carrier frequehcies are
separated by cells which utilize different pairs of
20 carrier frequencies, thereby minimizing interference.
| The thrcugh-put of such sYstems_ie equal to the product
of the bandwidth efficiency,;the number of cells in the
system and the bandwidth of the carriers.
Accurate frequency control is conventionally
25 accomplished by using quartz crystal resonators. With
careful manu:acturinq techniques and control of
temperature effects, an accurecy of a few parts-per-
million is obtaznable. Another standard frequency
. control technique utllizes feedback circuitry For
‘30 instance, a transceiver in conjunct;on with another
transceiver with an accurate carrier“can generate highly
accurate signals htilizing tﬁc cSciliatcrs. First the
signal is heterodyned to an intermeciate'frequency, then
‘an accurate local oscillator at the intermediate '
35 frequency heterodynes the intermediate frequency signal
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' two-way radio communication can bring substantial
economic benefits.

An . object of the present invention is to provide
a high through-put bidirectional radio communications

15 system between at least one base station and a large
number of remote stations.

More particularly, an object of the present
invention is to provide a low-cost method of generating
radio signals at remote stations with a frequency

20 accuracy necessary to providé frequency division
multiplexing. ' |
' Another object of the present invention is to
provide a low-cost method of generating a high accuracy
transmission carrier at a remote station utilizing both
25 information contained in the received carrier and
information in the modulation of the carrier,
particularly the clock rate of the signal.

Another object of the present invention is to

provide a radio communications system wherein high data
30 through~put ié achieved at low cost by frequency
- synchronization, frequency division multiplexing, and
time division multiplexing. ' o
'~ Another object of the present invention is to
provide a receiver for decoding short data bursts from a
35 plurality of transmitters.
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be neasured. Tbseidlatori doop. fed back to the first oscillator to
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' provide a radio system with an accurate transmission
10 frequency which only utilizes a frequency-control loop.

Another object of the present invention is to
provide a radio system with an accurate transmission '
frequency which utilizes a frequency-control loop
circuit and shares a rotator between the transmission

15 and reception sides of the circuit.

Another object of the present invention is to
simplify the cxrcuitry of a receiver with clock rate and
carrier frequency recovery. _

ncre_particularly,.an_object;of this invention is

20 to simplify the circuitry of a receiver with clock rate
and carrier frequency recovery by providing a reception
circuit which is coupled'to the transmission circuit to
produce transmission carrier stabilization, by providing
independent clock rate and carrier frequency recovery

25 from the received signal, and to provide a phase-lock
loop at the baseband rather than the intermediate
frequency level.

Additional objects and advantages of the
invention will be set forth in the description which

30 follows, and in part will be obviocus from the
description, or may be learned by practice of the
invention. The objects and advantages of the invention
may be realized and obtained by means of the
ihstrumentalities and combinations particularly pointed

35 out in the claims. '
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carrier at are n utilizin
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Zﬁg{ Ihg; obj ect O]E@%’{]iéﬂ!' giéé’n?ﬁéﬁzghflﬁfoi‘ﬁiﬁleﬁ themstheareceived signals.
conmuni cati ons s é&%ﬁ%l ﬂ?bﬁ“dﬁg 1i§e%0t?ﬁr8ﬁtﬁgée¥h?§ngggﬁgyggn ro
| ow cost by fxoaqwinze theyfiraquencyt ocn;hereqmeneysnwﬁgnoﬁarner-
mul tipl exing, and The "Badi¥' Systell/ds RhaXiphdsent invention
| prdvides a high through put bidirectional communications
l1ink between a large number, possibly thousands, of
remote information gathering stations and a plurality of
15 base stations. The system maximizes data throughput by
transmitting over a plurality of carrier frequencies _
(frequency division multiplexing) within, for example, a
12.5 kilohertz (kHz) FCC bandwidth. The communications
region is divided into cells, with one base station per
20 cell and neighhoring cells utilizing different carrier
frequencies. Each base station transmits a continuous
stream of polling signals. The polling signals direct
the remote stations within the cell to respond with
various types of information. The remote station
25 transmzss;ons are time division multiplexed, i.e. the
timing of remote station responses are specified by the
polling signals received by the remote stations. The
‘base station is adapted to decode very short bursts of
response data transmitted from remote stations.
30 The present invention produces the frequency
'~ acecuracy required for frequency division multiplexing
while mainly incﬁrring the cost for the improved
accuracy at the base stations. This is accomplished by
using the combination of the base station carrier
35 frequency and a frequency included in the modulation
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schematically illustrate a preferred embodiment of the
invention and, together with the general description

10 iven ahove and the detailed description of the
preferred embodiment given below, serve to explain the ‘l
principles of the invention.

Figure 1 is an exemplary schematic geographical
depiction of the communication system of the present

15 invention. N '

Figure 2 is a-freduency'versus power plot of the
power spectrum of four carrier ffedhencies'within the
12.5 kHz power spectrum approved by the FCC for radio
transmissions. ' |

20 Figure 3 is a schematic block diagram of the base
transceiver circuitry of the present invention.

Figure 4 is a schematic block diagram of the
remote transceiver circuitry'of the-present invention.

Figure 5 is a schematic block diagram of the

25 continuous data demodulation circuitry:of the remote
~ transceiver.

Figure 6 is a schematic block diagram of the
burst data demodulation circuitry of the base
transceiver. |

30, Figﬁre'? is a schematic block diagram of a burst
©  demodulator with an adaptive threshold value.

Figure 8 is a schematic block diagram of a first
alternate embodiment of the fregquency synchronized
bidirectional radio transceiver.
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DETAILED. DESCRIPTION OF THE PREFERRED EMBODIMENT

10 Overview
The present invention will be described in terms

of the preferred embodiment. The preferred embodiment
is an apparatus and method for frequency synchronized -
bidirection radio communications. ‘A schematic

15 geographical depiction of the two-way radio system of
the present invention is depicted in FIG. 1. The systen
master 40 is the central control system and information
processor. The system master 40 may communicate by

~ telephone lines 42 with a number of base stations 44,

20 collecting information acquired by the base stations 44
and sending polling directions to the base stations 44.
The polling directions specify which types of
information are to be collected and when. These base
stations transmit a continuous radio frequency signal 48

25 to a number of remote stations 46 in accordance with the
polling directions received from the system master 40.
The remote statidns 46 are possibly extremely densely
geographically located. Each remote station 46
communicates with one or more site units (not shown).

30 Site units may, for instance, monitor electrical power
consumption of homes, the status of burglar alarms, or
control the functions of electrical appliances within

his Sheet Has Been Reﬂlaced

T
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station carri gPﬂn%"ﬁh't Qmp#\i%erﬁa I oééslf/ise,_t_ée% of'ﬁfﬂgp %%&%n?&lﬂﬁﬁ%ﬂ?i on

provi des a hi §f ERABEGH TS IIRTI@AGIAN mhatatFoklected in| shart
bet ween a bar gadivTeemmupdeaition tfHirEEls tdfthe base ' SEREEoh NG MaLI ON

gat hering stat.i apd_a pluraljt fe 15 base stations.. The system
maxi ni zes dat %J‘?‘ﬁﬁ'gug'g‘ﬁutcgﬁé' 3d at Q‘t‘r’éﬁ%rﬁﬁﬁ"r ecfiet?y_at’b?u?%??ty of
carrier frequetatdon 44. (frequency division nultiplexing) within, for
exanple, a 12. | | ( e t g h, . T nications
region is divided i nt%égeﬁﬁsg,l%\ﬂ (4 Fdeddte "GOOV LN ’f)%rgsm_’i%%étﬁf’"ﬁnd

nei ghbori ng cEPRSigti PEzitWe modes.entIndihe flast. pollingguede; cbas&ach base
station t§gnsgthtidnCePandtidsions 48 it Yenttd {#héiﬁﬂé' i The

In the ce

PG ot 0l 3ol Ehe, a1y, S ik e e et ALy 0 2
transni ssi onsraddot commindicatdomils itHey dthve . infddwation ready to be ‘
"transmitted. Once the base station 44 has determined
which remote stations 46 have data to be transmitted,

15 the base station transmissions 48 direct those remote
stations 46 with information to fespond. Each
transmission from a base station-4¢}specifies'which
remote stations 44 are addressed,'w&at type of
information the addressed remote'stétions'46 are to

20 transmit, how long the addressed remote'stations 46 are
to wait before transmitting, and how long the remote
station 46 response is to be.

The format of the base station 44/remote station
46 communications is described in U.S. Patent

25 #4,972,507, issued November 20, 1990, which is

incorporated herein by reference. -
To minimize radioc interference between cells 50,
the base 44 and remote 46 stations of neighboring cells
50 transmit at different frequencies. 'The'larger the
30 number of transmission frequencies utilized in the
~ system, the larger the spacing betwéen'cells utilizing
the same frequency, and the less the interference
between cells. ' g _' -
Because the present invention provides fréquency
35 accuracy and stability of the remote station carriers at

i
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timng of renpte station responses are specified by the pol l'i ng

signals received by the renote stations. The base spegrses/iiseszadapt ed
to decodgogfiysmhort bursts of resp@ise data transmitted fromrenote
stations. 30 The: present invention produces the frequency

accuracy requiretioworcosteqtbacgonmuniicat ion isysten of the presdénte nainly
i ncurring the co sfhe Lapek d : tations.
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carrier - 35 vwhigheate ma¥esclpsglynspaces Fham ithase gankenttiamally
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digital signaP, EBPAELReR ePgiSéﬁéﬁa QUL SATTHHES 90, 92t B4 AP (Hhsnitter
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the width of the FCC band and the number of carriers per
band can vary, and the 12.5 kHz bandwidth and four
10 carriers discussed herein are only exemplary.
Carriers 92 and 94 are offset'by +/- 1041.67 Hz,
and carriers 90 and 96 are offset by +/= 3125 Hz from
the central frequency, and the peak power of each
carrier lies 6 decibels (dB) below the permitted maximum
15 (0 dB). As is well known in the art, 9QPR coding of a
signal provides a bandwidth efficiency of 2 bits per
second per Hertz. In 9QPR encoding data is encoded on’
both the sine and cosine (or in-phése and quadrature)
components of a carrier. See Digital Transmission
20 §2§;gg§, by David R. Smith, Van Nostrand Reinhold Co.,
New York, New York, 1985, section 6.4, pages 251-254,
which describes 9QPR encoding in detail, and is
incorporated by_reference herein. The frequency spacing
of about 2083 Hz between carriers 90, 92, 94, and 96
25 permits transmission of 2400 bits per second (bps) on
each carrier, with guard bands of almost 1000 Hz between
bands. The envelope 98 which extends between the points
(=6.25 kHz, -10 dB), (-2.5 kHz, 0 dB), (2.5 kHz, 0 dB),
and (6.25 kHz, -10 dB) describes the power distribution
30 permitted by the FCC for radio signals within a 12.5 kHz
bandwidth. Clearly, the sum of the power distribution
- of these four carriers 90, 92, 94 and 96 falls within
the bounds of FCC guidelines.
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t f th t h
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renot e noanreele\wled from the remotie gstaﬁme; es,sduamilr bé ock

di agram of the h _anat MH atd S .
transcei ver. degﬁribeﬁuﬁ dur E 3 i c Eﬁ%gc'kgdl%‘g?a?nfo ®a burst
- denpdul at or wi theasys§am mﬁﬁ?r ééhol &'%IREOCESSO: 103 alsofreceivesis a

fschemat i C Qbocéoiiiﬁba@igec%ﬁdx{sgtfrcn the My ifastdedioesy of the

requency synctggg§%%ne line J% Jdéatééﬁé aééﬁ“éhééé”ﬁf?ié@ions into a

continuous digital data stream 100 whxch will be

transmitted to the remote stetxons 46, also as described ‘I

below. | : |

15 The continuous stream of digital data 100 is sent
to an encoder 104 which perférns dif:erentiel encoding
on the bit stream to prevent errer.propagatiqn in the
data stream. The even and odd bits of the data stream
100 are separated into tﬁq-separete data streams 106 and

20 107 and sent to the digital filters 108. The digital
filters 108 perform pulse shaping to reduce the spectral
width of the transmitted signal, thereby_increasing the
bandwidth efficiency ot'filtered;signals 114 and 115.

_ The clock 110 generates a highly precise clock signal

25 111 which sets the rate of the data flow through the

" encoder 104 and digital filters 108 at a total of 2400
bps, i.e. 1200 bps for the even and odd bit streams.
_ The base station 44“has.a carrier frequency

synthesizer 112 which produdes a sinusoidal carrier

30 signal 113 of, for example, 952 MHz from a highly
accurate reference frequency source. Present technology
allows the generation of a carrier signal 113 with a
frequency stability of one part in 10° per day and an
accuracy of about five parts in 10°. Filtered signals

35 114 and 115 are sent from the digital filters 108 to a

preferred enbodigent gi ven bel ow, serve to explain .



- 7- Figure 9 is a schematic block diagramof a second alternate
enbodi ment of the frequency synchronized bidirectional radio transceiver.
Figure 10wiossenostshemati c bl ock di agram of an alternate enbdRGFHEMS16¢82; he
‘continuous data denpdul ator where the rotayerL is switched between the
transmi ssion and reception portions of the ?ransceTVer circuit of Figure 9.

T, et AL JSHRED SO e 00 e sl
. is modulated onto the sine component of the carrier
signal 113, and the 1200 bps signal 115 is modulated
onto the cosine component of the carrier_signél 113 to
5 produce a 9QPR modulated signal 120 with a bandwidth
efficiency of 2 bps per Hertz. The signal 120 is
amplified by the transmission amplifier 122 and the
amplified signal 123 is sent to a diplexer 124. The
diplexer channels outgoing signals 123 to the antenna
10 126 for transmission to the remote stations 46, and
channels incoming radio communications from the antenna
126, i.e. from the remote stations, to diplexer output
128.
In accordance with FCC specifications for the
15 radio spectrum, multiple access systems are relegated to
frequencies near 952 MHz, and transmission/ reception -
frequency pairs are separated by 24 MHz. Incoming
signals to the base transceiver 52 at, for instance, 928
. MHz are received by the antenna 126, and channeled by
20 the diplexer 124 to diplexer output 128. The diplexer
output 128 is amplified by the reception amplifier 130,
and sent to a superheterodyning mixer 132. There the
signal 134 is heterodyned with the carrier signal 113
generated by the carrier synthesizer 112 to produce an
25 intermediate frequency signal 136 on a 24 MHz carrier.
The 24 MHz signal 136 undergoes selective gain
filtering at an intermediate frequency (IF) amplifier
138, and the sine and cosine components 140 and 141 of
the IF amplifier output 139 are separated by the
30 separator 146 and heterodyned by heterodynes 142 and 143
" with in-phase and quadrature 24 MHz signals 144 and 145
generated by the synthesized oscillator 148. The 24 MHz
signals 144 and 145 are generated from the clock signal
111 by the synthesized oscillator 148 which increases
35 <the clock frequency by a factor of 2x10%. Heterodynes
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invention is depicted in FIG 1. The system master 40 is the central control

- system and i nformation processor. The system naster 40 nay communi cate by
tel ephone lines 42 wth a nunber of base-E34ations 44, collecting

i nformation acquired by the base stations 44 and sending polling directions
~ to the base st adizorndi443Tmutpiiti hgsdbandt signadise SOy and 351 ypenalog

(o the base st . signale _ _
cont i nuous. + ad A Trane RAFEE 780 UL A28 WRRR Teveited (A0S Ts

accordance wit iQigitado| 195y and cAigdkaliyciidseredon tigitak fidkers 40.
The renpte stalisanatd Féree POSSabbiire¥! Geluidedselseleographi cal |y

(ot shown) 3 'Si te.uni ts. mmy IhEoPUTRE ARTPATIARA 198 it ACRETPBRES

consunpti on of pgrowide tdecedingsofif shorg bursits of dataorin cthise

functions of el Gcldd Gala AaRbodTHERL thE Yenodulator 158 can handle data
transmissions as short as 6 bits (3 5ymhols) in length.=
To permit such rapid decoding without a loss of

10 information the first synbol sent by a remote station 46
to the transceiver 52 is a reference symbol of known ‘l
amplitude and phase. :

The burst demodulator 156 is depicted in greater
detail in FIG. 6.  The burst demodulator 156 allows for

15 errorless decoding of short data pulses by scaling the
phase and amplitude of the signal'by the phase and
amplitude of an initial reference signal. Quadrature
encoded baseband signals 400 and 401 are converted from
gquadrature (or rectangular) form to polar form at a

20 rectangular to polar converter 404. In polar form the
signal has an amplitude component 406 and a phase
component 407. During a reference symbol time interval
the amplitude and phase of the first symbol are latched
by the'scale monitor 409 and the offset monitor 411.

25 The amplitude of the first symbol 408 is then sent to
the multiplier 405 to scale all subsequent amplitude
symbols 406 in the burst. Similarly, the phase of the
first symbol 412 is sent to the summing circuit 413 to

, scale the phase of all subsequent symbols 407 in the

‘30 burst. This assures that random phases of baseband
signals 400 and 401 are compensated for and the data
decoding thresholds are properly aligned in scaled
outputs 410 and 414. |

Since different remote radio 46 carrier
'35 frequencies can vary by small amounts, a frequency error



‘- 8- hones. Each base station 44, and the group of renote stations 46 with

whi ch that base station 44 conmunicates, conprises a cell S, ' te
stations W@HWISnit the information they have collected in S‘P-ogrg?ldrsgg?o

‘comuni cation 'bursts' to the base statiofm3 within the cell 50 at tines
specified by the base station:44. Base station:44/renote station 46
conmuni cati ons ceswpensator winnbtbesburatt Hembdulapor| 156 Fsdalsioaseeddesdt.i on
transm ssions 48, dire I QUS4 ek] Elyly 5 i nformthe
base station 448¥®iéa§%o£§€g%§ﬁﬁ%§§igﬂ Ffépﬁgg Hgsggﬁﬁ?o#?gt?%ﬁe¥%ady to be
transnitted. Onotetérmines EbEthﬂs#4°ﬁa§1§EP£rﬁ?ﬁeénﬁhﬁéﬁdﬁeﬁbm@%ﬁ%uions

46 have data to Dgebiaaeibht 8dgnaliesbaseoshaphase! FaRpTestigatots dig.ect
those renote stations 46 with |nf§ﬁgg%|on tq respo Each transm,ssi on

from a base s?atTh® BRASBERPPES °Feﬁ&§e9§P5Fggﬁ§ R TARP YR8,
what type of infgsyeihesht hinedglgsindreagese int ampditude arith cimenrstrid ,

and how'I ong { heF FERCPECRPRELBRER, -PoLA, £3 efusfelf sreBE Supdr HixRdd 0
Lgfegﬁs§bst2tgggtndébagegandtsignnl$64©@nnuﬂig@ﬂhonghh§S@QmiﬂQMgiﬂquisEi
herein b_y' re{‘ereﬁgg. suh3 Hﬁg #\Bﬁ?gﬂ?ggﬁg& '%&?n?grflg?gﬁggdbeq?\%?ry ?écfélhée 50,
t he base 10 the phase, thus effectively correcting for any frequency
error in output 420. The amplitude and phase signal 410
and 420 are reconverted to rectangular signals 430 and
431 at the polar to rectangular converter 428. Data
recovery can then be performed at the data recovery
15 circuit 434 and recovered data 276 is sent to processor

203.

A preferred embodiment of the data recovery
circuit 434 of FIG. 6 is shown in detail in FIG. 7.
This data recovery circuit 434 provides additional means
20 for compensating for a change in amplitude of the
received packet, since the propagation path will
sometimes be such that the initial scale factor
determined by the scale monitor 409 will not be
accurate by the end of the burst. The data recovery
25 circuit 434 evaluates the incoming analog signals 430
and 431 to determine their digital values by comparing
the values of the analog signals 430 and 431 with
decoding thresholds. For 9QPR mecdulation the symbol
valﬁes are nominally +1, 0 and -1, and the decoding
30 thresholds should be at +0.5 and -0.5. If a signal has
" a value between +0.5 and -0.5 it is interpreted as a 0,
if a signal has a value greater than +0.5 it is
interpreted as a 1, and if a signal has a value less
than -0.5 it is interpreted as a -1. However, if the
'35 received signal has an unexpected loss of amplitude,



44 and renote 46 stations of neighboring cells 50 transmt at different
frequen?ioeg%,wﬁge | arger the ‘nunber of transnission frequefiVesPS(iéis?i zed in
the system the |arger the spacing betweb#~cells utilizing the sane
frequency, and the | ess the-.igterference bet ween cel | s. Because the

present invent FRENPREDFBES VREHBENBYCaddkeddy tondestipnqnnectdy t he renote
station carri eintetpreted ¥ R&YiA§7a value of 0. Inaccurdte scalirhiow
|

cost, the co i i S £t presen i nvention utilizes a
nul tiplicity o cgﬁéi gEa-%eégg%ngs%s can %r(?rf'%ee GaNee &S Ypaced
than those corthetdabtal rgcovery becaude ther decsddice tirestHodds idrd e 2.

the presentg on fnggg'f Piathl!izes four carriers 90, 92, 94 and 96
within a 12.5 tHzé%an dtaﬁ conventionally reserved by the FCC for

one carrier. It shoul @hBecdatBcrecoyeryhircuit 434 0fiElG. of therétsre®and

and the nunberadépesveler adpests the theddngan \AlbesWbddbaitly tdhe
bandwi dt h and fo enplary.

Carriers 92 an?&iﬁ‘?getl)gfségé{a;giﬁ- glfg .Segggﬁgir"eeldn S%g%aamjyé&eri ers 90
and 96 are of fehreshold-ig812fititaliced at a value THRESN, Foeuemecy. and
‘the peak pyereplefagfe of the packet, and the scale monitor 409
scales the first part of the signal so that THRESH, is
halfway between the values for a +1 and a 0 bit. As the
packet continues, and possibly changes amplitude due to ‘
fading, the I and Q sample values possibly change, énd'

15 the THRESH value is updated by the followj,ng procedure.
The il digital values I, (i) and Q, (i) are determined
from the i*" analog input values I ‘%) and Q,,(i} of the:
in-phase and quadrature signal components by the in-
phase and quadrature decoders 520 and 522, réspectively,

20 using the (i-1)®R threshold value THRESH;_,; provided on
line 545. If the i*! in-phase signal I,,(!) has a value
greater than the (i-1)®P threshold value THRESH,., the
in-phase decoder 520 interprets Im“) as a +1 (i.e., it
provides an Iout‘“_ value of +1), if the ith in-phase

25 signal I, (%) has a value less than the negative of the
(i-1)*R threshold value (-1 x THRESH,;.,) the in-phase
decoder 520 interprets I, () as a -1, and if the itP in-
phase signal I,_n‘“ has a value greater than the negative
of the (i~-1)%P threshold value (-1 x T}mzsiii_'_l) and less

30 than the (i~1)®" threshold value THRESH,_ , the in-phase
decoder 520 interprets I,.(!) as a 0. similarly, if the

- i*® quadrature signal Q;. ‘) has a value greater than the
(i-1)%h threshold value THRESH, , the quadrature decoder
522 interprets Q;,!!) as a +1, if the quadrature signal
35 Q;,‘}) has a value less than the negative of the



*carrier lies 6 decibels (dB) below the perm tted maxi num 15 (0 dB).
As is well known in the art, 9 QU] -'r Si gNBETRENicdRS a
bandwi dt FVQP¥1987ncy of 2 bits pW‘S%%&Q FB\%%%%%C per Hertz. In 9QPR
“encodi ng data is encoded on..:: | %ﬁ?'ﬁAQ%w and cosine (or in-phase

and quadr at ure) corrpo"nént s of a carrier. See Digital Transnission
20 Systens, by David R Smith, Van Nost 48T Rei nhol d Co., New

Yor k, New York, 1985, ctign 6.4, pa - 254, whi ch descri bes
9QPR encodi ng i?‘ﬂﬁﬁ?i,& XHS“PS (=1 x %ﬁé—p&&@@d%ﬁ%@%&gm n.
The frequency s$22i interprets @ bbbuis 2081 [rahat Meﬁheaqghﬁgit&@e 92, 94,
and 96 25 1§ Sal r@NSSS| 4 | sggon S)..on

each carrier, WIQ #%%a mban sagts)faoar\f#ousf %%%Léé ggé&egﬁe hega 1)"ﬁaﬁgs. ‘The
envel ope 98 whitheckhragbold: vadwe Helpof (IRERESH;.;) and 1¥ss|than thelB),

(-2.5 kHz, OsdBtnrésnéllHvaldedPHRESH, ., thaGualratud? dec &B)si%esc” bes
t he power di strtbgtl on 30“_,0erm t o8 by the FCC for radi o signals
within a 12.5 kFpterrrets Quatwi A%.2 Peariy, the sumof the power

di stribution Offcirh et At COf I tivé SsDGna?, thicendndd (fjahlyshwi thin
the bounds of FifQuh8th' Walue THRESH, J73%en’ 1136754 @ 'Silitdaetea

from the ahsolute values of the ith in-phase and

10 quadrature components I (!} and Q,.f!) on lines 430 and
431 at in-phase and quadrature comparison units 510 and
512, respectively. The outputs from the in-phase and
quadrature comparison units 510 and 512 are directed to
in-phase and quadrature switches 516 and 518. Also

15 directed to the in-phase and quadraturé switches 516 and
518 is a zero value on line 515. Which of the inputs to
the switches 516 and 518 is chosen is dependent on the
i*? in-phase and quadrature cutput values Igge't) ana
Qout'*’. If I, ‘Y) has a value of zero the zero input on

20 line 515 is output on line 523 from the in-phase switch
516. However, if I_,. ‘*) does not have a value of zero,
then the output from the in-phase comparison unit 510 is
output from the in-phase switch 516. Similarly, if
Qoue!!) has a value of zero the zero input on line 515 is

25 output on line 524 from the guadrature switch 518, and
if. Quue't) does not have a value of zero, then the output
from the guadrature comparison unit 512 is output from
the in-phiae-switch 518. The outputs on lines 523 and
524 are summed at a summer 525, and the sum is

30° multiplied by a reduction factor R at a multiplier 530
to produce a reducead sum onlline 531. In the preferred
embodiment the reduction factor R has a value of 1/32.
[Provide a preferred rahgo of values for the reduction
factor R.] The reduced sum on line 531 is then added to

35 the (i-1)®*P value of the threshold THRESH;_;, at a second
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wherecReAsi &heemamirn}matmrbrfmmlqt sthe amuloipl bernt

LAkt B3bhe data stream The even and odd bits of the

ggmhag 93§hetﬁﬁlR159Jta”@alue5?fb¥hEQQB%lu q;i Wedkdd'e

Ssor SO recelves 10 olling directions from
ag%ggiby Tﬁﬁésﬁg P g

100 are separated into two separate data streans 106 and
nt to the digital filters 108. The digital filters 108
shaping to reduce the spectral width of the transmtted

M dt h eff|C|ency of filtered

ER G0 L
Ul

The remote transceiver 54 diagrammed in FIG. 4
relays data 205 acquired at site units (not shown) to a
base station 44 by radio transmissions. The receiver 54
receives data 205 from site units and processes the
information to form data packets 200 from the continuous
stream of directions 276 transmitted by a base station °
44, as described below. Data packets zob'ere first sent

to an encoder 204. As in the encoder 104 of the base

20

25

station transceiver 52, this encoder 204 separates the
data packets 200 into odd and even bits and performs
Qifferential encoding on the data streams. The
resulting even and odd deta streams 206 and 207,
respectively, are sent through digital filters 208 to
shape the spectrum of the signals. A clock signal 211
from clock 210 controls the rate of processing of
encoder 204 and digitel filters 208.

The even and odd data streams 214 and 215 from

‘the aigital filters 208 are then modulated by a

30

quadrature modulator 218 to produce a 9QPR signal on
carrier 213 generated by a carrier synthesizer 212.
Through the feedback mechanism described below, the

synthesizer 212 has’ a precxsely controlled frequency of,

in this case, 928 MHz. A transmitting amplifier 222 is
activated by a burst gate 223 when the remote station 46



<« Streans. . The:hase station 44

. The clock 110 generates a highly precise clock S|gnal 25 111 whi ch sets

the rate of the data flow through the encoder 104 anﬁcﬂuggsnakszfl lters

108 at awwderosts 2400 . bps, i.e. 1209 bps f()r the even and odd bit
Kas a carrier frequency

synt hesi zer 112 f%*gP?Héﬂﬂﬂﬁﬁﬁgadihﬁuiﬁ'Qabdgﬂ”géﬂf qg Si 3l 113 of ,

for exanple, 952 g g urate reference frequency
source. Present amphiSiegdysignal 22p Sxem apddfden 222 dis dixregted sjgnal

113 with a tnébﬁgaeacuipnahekl2240anem ANterna bPeerede per day and an
accuracy of about five, arts kP %F%err |Itered signal s 35 114 and
i

115 are sent frohFPREDE ﬂr"Pﬁl WD 96/ 19875
PCT/.US95/ 16688 Incoming signal!bfrcm basecptxtfﬁnweﬂnndulator 118

uhers e 1200 bBgcatogal ehdysenng 2% BeRhelieh W S ASBTBERET

onto the cosine 33*p§ﬁeﬂt rBFepﬁéOL‘aﬂﬂPé-rlfQanz%301mld eterg@ynesia a 9QPR

modul at ﬁg| Si 90l sipérietlraayainy diker 232 vAlth YN V1R Yendidedf 1 2.
J carrier 213 to convert the incoming signal 234 to an

10 intermediate frequency signal 236. Given that the
reception frequency is 952 MHz and assuming the carrier
213 output from the synthesizer 212 is exactly 928 MHz,
the carrier of the intermediate frequency signal 236 is
at 24 MHz. But any error in the output 213 of the

15 synthesizer 212 causes a deviation in the frequency of
the intermediate frequency signal 236 from 24 MHz .

The intermediate frequency signal 236 is then
amplified further by an intermediate frequency (IF)
amplifier 238. In-phase and quadrature components 240

20 and 241 are separated from the amplified intermediate
frequency signal 239 by the separator 246, and are
heterodyned by mixers 242 and 243 with in-phase and
quadrature 24 MHz signals 244 and 245 generated by a
voltage controlled crystal oscillator (VCXO) 248 to

25 produce baseband signals 250 and 251. The signals 250
and 251 are then directed to the analog filters 254
which process the signals 250 and 251 to provide better
band pulse shaping and out-of-band signal rejection to
'produced filtered baseband signals 266 and 267. Data

30 recovery from the filtered baseband signals 266 and 267
is performed by the continucus data demodulator 258.

. Ideally, the intermediate frequency signal 236 is
modulated on a carrier of exactly 24 MHz and the VCXO
248 generates sinusoids 244 and 245 at exactly 24 MHz,
35 and therefore the baseband signals 250 and 251 have a



Lfier 122 and the anﬁlified si gnal

anplified by thgqt+an

123 is wd6/19875] (THﬁﬂ SHEET ng BEENG f di pl exer channePEI/ES5{6643g

signals 123 to tjhe anﬁEﬂnACED 10 126 tggtransnission to the renote

stations 46, and ————CHerRR ~»-;lcon1ng radi o communi cations fromthe

ant enna ze¥db fr'eq%erfdyo 'Bdﬁﬁéze.mt'ﬁxétﬁéé@@énc%' Cafid P#ﬁié% gt EH%
ions for _the-

128. accordance wth, FCC spe

radi o spectruPFsﬁaﬁﬁAﬂ%} <38 and 251 ¢ 3 %é g%f%ﬂbYothe frequesg¥enci es
near 9?2dNEB,aaadpuaﬁuyé::dnsﬂoﬂ%ﬂthQarrler synﬁneqﬂtef¥2n3|6§ *ERO >

separate y S [ ive a

f or instance,%gfs re i are recenggg%ﬁnééké ﬁ?gﬁ §?E§§UE%ﬁa gagneled
by 20 tBe usﬁmgitzm genventhanabdigitabsradie depeiver

output 128 is Hdﬂit“bﬁffh ¢ Lt fﬁ@ﬁ#&fﬁrtéﬁgyig%e desﬁ?? gnt to

a superhetero ynlng m_xer There | er odyned

with the carrPG#°¥“gn£r?EE9n°Y erriﬁﬂﬁﬂ %RPE%°¥h% Qapaycbhesfednbacker 112
to produce ante the icarerieadisired dmwmzlﬂaaéoizﬁécenzeﬂﬂr%ﬁeﬁéy“ er.

The 24 MHz si naI 1 der goes ,sel ective filte at an
i nter nedi ate %%& %qﬁéiﬁﬁﬂq eﬁé éﬁ&%éﬁfdaﬁﬁr?ﬁe §$ gﬁﬁd cosi ne
conponent1014&ftn¢tmﬁb(i phase-lddkadqunpncirenibutput 139 "are separated

by the 30 separat jod 4 hEASYYARCeRY BEERIQRIST Haa e

wi th in-phase and qua 7 stgnals enerafed by
t he synt hesi z8¥yn¢heaizarn 2l itrHis neqegsary that| ghe giqnalana44_45 are ‘

generated frogndN@4% Toms tHE!lVCX0 248 also be accurate, because any
error in the outputs 244 and 245 from the VCXO 248 is
15 indistinguishable to the continucus data demodulator 258
from an erxor in the fregquency of the remote carrier
'synthesizer 212. '
The 24 MHz signals 244 and 245 from the VCXO 248
are synthesized from the recovered 1200 Hz clock signal
20 264 generated by the continuous data demodulator 258.
Because the clock signal 111 generated at the bése
station transmitter 44 has a high accuracy, the 24 MHz
signals 244 and 245 at the remote radio 46 also has a
high accuracy. Then the frequency error signal 260
25 geherated by the continuous data demodulator 258 is an
accurate representation of the carrier frequency
synthesizer 212 error, and correcting this error puts
the carrier frequency synthesizer 212 accurately on
treQuency. L
30 The continuous data demodulator circuit 258 is
. shown in detail in FIG. S. Signals 266 and 267 from
" analog filters 254 are converted to digital at the two
A/D converters 284 and 285, and the resulting digxtal
signals 280 and 281 are scaled by two multipliers 288
35 and 289 to produce amplified signals 290 and 291.

This Sheet Has Been Re’i

AR



¢

*111 by the synthesized oscillator 148 which increases.. - 35:the clock

f requency ctor of 2x10[err]. Heterodynes,: . . MO 96/%@5,1 682
PCT/ US95/ o673 - S lage o NUETRRE™as
“out put baseband signals 150.and 151. Anal o§9- ‘baseband signals 150 and

151 are then conyerted to ™ ~digital formand digitally filtered by
digital filters 519"39§539e9nen9e@t9 ;re mtadéibcﬁ%ﬁenerﬂ%t digital

The burst denpduffleers5G9izs ad@si2onetd eject dﬂ@ﬂﬂ?ﬂfgfm%%f;%r%éfc an

bursts of data. t i, refarr enbodi_ment t ;

“handle data - They gﬁifneﬁdoﬁg%ﬁ% 6 ands 287 anes saRihdte) inputeyt h.
To permt such rapddBderespegtivielyyt of Iaoa:fbt?ftor Hoo. pfmér?éﬁ'tépe:,éﬁ rst
synbol sent by a atu ' e _t.ransceiyver IS a
rgf erence synbol d%?%%ﬁ%& e aé%f)’lnltt usgéltl';?élspwng of 1“'921‘3531?‘@’ bur st
denodul at or 156 @¥adEpturedconpenemts in signddisai296 rarid @97%.arkhe bur st

demodul ator 156 peveySekOthis mixing. The outputs A' and B' of the
' rotator 300 consist of the mixtures:
A' = Acos¢ + B sin ¢,
10 and
B'=-Asing¢g + B cos ¢, _
where ¢ is the rotation angle. A Costas phase detector
306 determines the amount of quadrature signal in signal
302 (or equivalently, the amount of in-phase signal in
15 signal 303). Ramp estimator 310 generates a phase error
signal 311 which controls the amount of rotation @ :
performed by the rotator 300 such that signals 302 and
303 become the in-phase and quadraturé components,
respectively, of the transmissionQ The ramp estimator
20 also generates the frequency error signal 260 which is
directed to the car:ier synthesizer 212 (see FIG. 4) to
stabilize the carrier frequency 213, but not necessarily
to the accuracy of the phase-locking. Rotator 300
accomplishes the effect of phase-locking locally within
‘25 the qontinuous data dembdulator 258, and can allow the
synthesizer control to be relaxed to only accomplish a
. frequency lock. o
The continuous data demodulator 258 utilizes an
automatic gain cont:oi aigorithm to maintain a constant
30 signal level over 24 dB of signal level variations. The
- amplitude estimator 312 calculates the sum of the
squares of signals 302 and 303 from the rotator 300 to
generate amplitude estimafe 313. The magnitude of the
estimate 313 is ¢irécted to inverse gain controls of



15 errorless d sl'-é"ﬁ It a pul ses by scaling the ~ phase and
anplitude of th# ”Eh"@ EHA)”‘ - %fﬂ e and anpl i t udep@IUS95/16682t | al
refereaqggmgm @aﬂ?%'tuq ) encodag-baseband signals 400 and 401 are
converted from quadrature (or rectangular) formto polar format a

20 rectangul amuldcipdlimrsc @88ramd 285!, therebyastabibizling the signal has

an anplitude c (ﬂ%%éq,@ %&fgafﬁ al_‘%p?ﬁ'_)rrponent 407. During a
va

ref erence synb I nter lUde and phase of the first
synbol are | atched A praliminary| estimater of0thenclokk phiaset ofonitor

411. 25 Th f th
mul tiplier 402 st?%ﬂsag!gjg%zﬁ) aﬁ&%%t%%?ﬁ%'§qﬁ§§ﬂnﬁb8}g{;§6631% thee

burst. Sim arAF & REANSe£1iQ matoy 316 sy%%l"‘AEE“Fs:’éénPfto t he
sumi ng curcwiestmadtar 316 cunibe tditowhabe @khiblitsabpeareat enebahea407

Isingagfs 4080an%u &%}rm%gw7 aﬁhrwgﬂﬁgéfﬁ‘* phgggdeﬂﬂa Rgn

t hreshol ds ar eqharpﬂdrp Xie pe=fl ias sx adearse estlmtgups 4he eldckls.
g»'ngggtg', i e; fgtgu ncyt 2120 A i 'd imatd ot "BAUOEEER ERAqUBRYy YA ™! !
phase is attained at a fine clock estimator 320 by
processing the magnitude of the signals 302 and 303 at
the nominal zero crossing times estimated by the coarse 4
clock estimator 316. This generates an error signal 264
which can be used to tune the VCXO 248 thereby putting
15 it accurately on 24 MHz. Since the calculation of the
clock phase is independent of the carrier phase and i
frequency, clock synchronizatioh'cap be achieved before
carrier frequency synchronization is attained. Decoding
of signals 302 and 303 is pe:formed_at.a data récovery
20 circuit 322 to'prodﬁde'récqvered data 276. Rscovéred
data 276 is directed to the remote station processor 203
as shown in FIG. 4. The recovered data 276 specifies
what information the remote station 46 is to collect
from the site units, or transmit to the base station 44.
25 An alternate embodiment_éf a radio transceiver
544 according to the present invention is provided in
FIG. 8. The transceiver 544 works as described in the
first preferred embodiment 54 of FIG. 4, except that in
this transceiver 544 the carrier'é:ror signal 260 is
30 sent to a rotator 274 inserted on the transmission side
of the transceiver 544, rather than to the carrier
_ synthes1zer 212, to effect phase corrections by adding
phase shifts, and frequency ccrrectlons by adding
continuously increasing or decreasing phase shifts, to
35 the transmitted signal rather than the carrier 213. In

-

"l
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This is inplemented by a phase detector 426 which determ nes the
phase of signal 420 and sends a phase i nformati on signal- 422 to a
phase ranp estimator 416. 5 The phase anp estimator 416 generates a
ranp vol t age 421 mhlch li nearly |ncPéases in amplitude with tine at

' : t t

fhe baseband s i £ IE CrATUHVeE 4FY SHPFLLETERES BRe o 1\
phase signal 4l4tvauseeiveyeS42oft Flsoalde in that tactransnitt hotator 274
effectively cor rfetpasﬂ:%naavm%e 4% xtﬂrf’hté‘ré’uﬁgﬁta d0tnéhe

anplitude and phase’_si are reconvert

rect angul ar S|gnﬁPSdHSg“Sﬁdm°dulatq€1?¥ﬁ t TEhe Jpasepand cdatagsignals
converter 4285 Dajain and 2u.<s¢weﬂm\nﬁrtd heie ber Desh DE "Petatohe7dahge

boa S 1 BRbRiphalBY I BRGNS L Tob D 268 vhe, BhEpEE”
circuit 434 of Fzmnoatuan@hawsqut(ﬁaqmlthent%ihsiit rotatofh2z4dare

) . ;
change 1 ampl | 1 SqEecerl e Tl Al Mdau) a€dr 2L (TTRERS holfe B °

f he propaga ion

path will rofation ¢ Rrognced by the Fﬁ%?ﬁitsﬁaFetPEcﬁaﬁ is
det er ni ned byot heontibd Vedibyra Athtrol | $idwilbg72 produseaungt enly the

end of the burst tryx]aesmd%ta re%oavseer ramp generator 270 based on the error
signal 260 provided by the continuous data demodulator
258 to produce fregquency~-translated signals 214out A'
-and 215out B' consisting of the mixtures:
15 A'= A cos ¢ + B sin ¢,
and | _
B'= - A 8in¢ + B cos ¢,
where A and B are the baseband inputs 214in and 215in to
the transmit rotator 274. By producing a fregquency
20 translation of the baseband signals 214in and 215in, the
transmission signal 225 has a carrier with an accurate
carrier frequency although there is no phase locking or
'frequency locking in the circuit.
Another alternate embodiment of a radio
25 <transceiver 545 according to the present invention is
provided in FIG. 9. The transceiver 545 works as
described in the first preferred embodiment 54 of FIG.
4, except that this transceiver 545 combines a
relatively coarse frequency locking of the carrier
30 synthesizer 212 using error signal 260, with a rotatzon
'of the baseband data signals 214in and 215in using a
rotator 280 controlled by the control signal 311 from
the ramp estimator 310 in the continuous data
demodulator 258. (The output of signal 311 from the
35 continuous data demodulator 258 is not shown in FIG. 5.).



25 circuit 434 evaluates the incom ng anal og signals 430 " and 431 to

det er miwe dgfiek7s di gi tal val ues by conparing -t he valaEAsIsficaske anal og
- signals 430 and 431 with decodi ng threshol ds. For 9QPR nodul ation
t he synbol val ues are nominally ™2~ 0 and -1, and the decodi ng

30 threshol ds _shoul d at tQ.5 and -0.5, |f Si | ha a val ue
bet ween +0.5 #4P Q§q?qii?§'iéh%ﬁi#%ﬁ?ﬁF%%vﬁ?O?gs dgg%exﬁf§§°§i§H&I has a
val ue greaterﬂdan:cdiibrt54spf FIG. 4iimectipattadtransmit 2odatbra2signa

has a val ue | S r 1, aHopeyer, . if
the ~ "35°reall Popiipndd erdech fndtalGLERE £1Tel] op, pd tRL
PCT/ US95/ 1aagmmmdulator 218. The baseband data signals

‘then nonzego L3lUgs A Jiden Yiﬂ;ﬂa@eténmér%‘&hﬁmit rota\:PE'eﬁ%eB@Q as

havi ng a val ue of 0, Inaccurate scal | he scal e nmonitor 409 can

n
t herefore cauQEQ¥%4ﬁ4;?¥1 gi?EAdgiﬁt?E%o%QXy gadatihe fRequeBS¥ g
t hreshol ds ar &muatﬁlmmmmtaam 215out output fIbf €hea

[ﬁfg\slﬁ(r)%/dcilglc t 434‘55{'&% %mrfxtgrgirected gga%l veI d&usts t he
modulator 218. The amount of rotation ¢ produced by the
10 transmit rotator 280 is controlled by a control signal
' 311 produced by the :eceive:—side ramp generator 310.
As before, the frequency-translated signals 214out A' ‘I
and 2150ut B' output from the transmit rotator 280
consist of the mixtures: _
15 A'= Acos¢ + B sing,
and |
B'=-~Asin¢g + B cos ¢, :
where A and B are the baseband data signals 214in and
215in input to the transmit rotator 280. o
20 'In the transceiver 545 of FIG. 9 the frequency of
the carrier signal 213 produced by the carrier 212 is
corrected whenever a frequency error exceeds a certain
frequency threshold amount, whereas the control signal
311 controls the transmit rotator 280 continuously, and
25 only needs to cotreét‘fo: frequency errors up to the
' frequency threshold amount. 1In this case the feedback
loop which includes the qarrier synthesizer 212 and the
continuous data demodulator 258 has only a very low
bandwidth, and is thus easy and economical to implement.
30 An advantage of this transceiver 545 over the ' '
. transceiver 544 of FIG. 8, is that only a single phase
ramp generator is needed since the ramp estimator 310 on
the reception side of the circuit also controls the '
transmitted signals 2l4out and 21Sout. '



‘anpl itude of each bit of the recelved signal. The thresHbId S

initialized at a value THRESHferr] for the 10 first bit é{ cket
and the s /WS t or 409 scales the first part of t RETY, gna
‘that THRESH err] is hal f way between the values for a +1 and a 0 bit.
As- t he packet continues, and possibly changes anplitude due to-
fading, the | and Q sanpl e val ues possi bl y-ghange, and 15 the THRESH
~value is updated by the foll.ow ng procedure. .The i[err] digital

yﬁluef I[e[r] ([err]) an¢nqaﬂuﬁuﬁnﬂaﬂﬁetnstdemﬁbaaﬂ?dnt the traMscliver
i[err] analog in L err

i n- phase andgquagaé}% g“é?&%&? cé&%&ﬁgﬁ éﬁﬁﬁé%m 4# (i L tﬁﬁgﬁméﬁﬁz°n

quadr ature decodeﬂBGSEecanﬁiQZZ°&n§ﬂ§u9¢qnﬂ)ﬁlmultnneeuhg)thad(thé)[err]
threshol d val ue TeEEREheEEl o Q‘ﬂdj%éébtzon sxdéé‘eoﬁ“‘éhet ﬁﬁéﬁﬁht Bhare

I n- phase signal | err%é&err has a val ue reat er

(i-1)[err] threshth@ SR signal ?%1p%a§er9§é§9§r2§9@
inlterprfet il;[e_r][]b{:ﬂnb) receptibn ithe ,amernate c@neyndeﬁsaaatheL r] ([err])
val ue o , i | e err err as a

val ue | ess than t gbng%E!§#Qﬁ§§°wn €*£1$*%r¥ #iégﬁoLé 98FﬁetPel X
THRESH err]) the cnnpﬁagous data glematduleor i ZH&rﬁescsibédrabb&errhkc&pta
-1, dif the it

ar ea?gr Ithan tehle Egggt Fgg rota@lﬁ?%,é'ﬁ%? ]{% l‘? ?%ﬂe‘?sﬁhgd 5%%3“? 1 x
THRESH err]) aRd PEBErali@8d.haPuming tujnsnigsioncthel sysseme opeRESHECAS]
~the in-phase deseedpdd iW tontietien Swi{:ﬁrfié[efahkcaiv&rosé' Bel #rkY.

if the i[err] quadrature signal Qerr]([err]) has a value greater
t han t he . (P'l)[err] threshold value THRESH err] the quadrature
decoder 522 int er (The scdeinh¢her dhraadenodhlatort 5680wl el e
si gnal

alternate embodiment is shown in detail in FIG. 10.
15 During reception, switches 510, 515, 517, 525 and 5277
“are in the Rx positions, and the circuit 558 functions
as described above in connection with FIG. 5 since the
output of the Costas-phase detector 306 is connected to
the input of the ramp estimator 310, the A and B inputs
20 of the receive rotator 280 are connected to lines 296
and 297 from the digital filters 292 and 293, and the A'
and B' outputs of the receive rotator 280 are connected
to lines 302 and 303 to the data recovery circuit 322,
the Costas phase detector 306, the amplitude estzmator
25 312 and the fine clock estimator 320. During
transmission, switches 510, 515, 517, 525 and 527 are in
the Tx positions, and the circuit 558 functions as
described above in connection with FIG. 9 since the A
and B inputs of the receive rotator 280 are connected to
30 baseband transmission data signals 214in and 215in from
the transmit digital filters 208, and the A' and B'
outputs of the receive rotator 280 are connected to
lines 214ocut and 215o0ut to the quadrature modulator 218.
However, in transmit mode the switch 510 controlling the
35 input to the ramp estimator 310 is open, so the ramp



35 @err]([err]) has a value less than the negative of the WO

96/ 19875 wo 96/19875 PCT/ US95/ 16682 PCT/US95/16682 - 15-
threshold value (-1 x THRESH err]) the quadrature decoder 522

interprets Qerr]([err]) as a -1, and if the quadrature si gnal
Qerr]([err]) has a value greater than the negative of the threshold
value (-1 x THRESH err]) and | ess than the-24=5 threshold value .
THRESH[err] the quadrature decoder 522 interprets Qerr]([err]) as a
0. eBtimator maingaing thenwaluesi of the Contxedr ridignal 311

t hreshol d val ue W@ﬂﬁf rfé%i"é‘fgﬁéi QEOSHQE&a g\i the % rubil

absol ute val ues err] i n- gﬁase and re co onen
I[err]([err]) ak® Fpﬁe§a§301§n§ » thel fgedhagk daop
and quadrature ceiyiah &arcluﬂés ﬂi@ cagrier synﬁﬂx&sm&i'pﬂqtz' e/ th-ﬁ‘e

Q1Pare o ¢ cboq SeLiRs Uhey, aencllitdLal 28a" AR BrYL e Yarkukine .

Al so 15 d|re@@mﬁﬂlﬂtﬂm&3nﬂphasbhuadeqsxdnadueeonunnchﬂst&ﬂ&n@ﬁhment.
:518 is a zero VahiiG P eHi s Cemdod iflh€ o’ £hBCcbRRihRol® data demodulator
558 the total hardware costs are minimized since the
rotator 280 and ramp estimator 310 are used on both the
10 transmission and reception sides of the transceiver.

In summary, an apparatus for frequency ‘l'
synchronized bidirectional radio system has been
described. It will be seen that the embodiment
presented herein, consistent with the objects of the

15 invention for a frequency synchronized bidirectional.
radio system, provide a law-cqst:high-throughput radio
system utilizing frequency domain multiplexing, time
domain nultiplexinq, frequency synchronization and
spatial reuse of frequencies. The frequency

- 20 synchronikation of remote-étations 46 is provided by
extracting the precise clock rate 111 and carrier
frequency 113 of the base station 44 and utilizing this
infarnation in phase-lock loop circuitry. In an
alternate embodiment a burst demodulator continuously

25 updates the decoding threshold based on a comparison of
the signal amplitude and the current value of the
decoding threshold. In ancther alternate embodiment,
the carrier synthesizer is not part of a phase lock
loop, but the transmitted signal is rotated by a phase

30 ramp proportional to a.frequency_er:or to provide an
accurate carrier frequency. In yet another alternate
embodiment only a frequency locking is implemented, and
again the transmitted signal is rotated by a phase ramp
proportional to a frequency error to provide an accurate

35 carrier frequency.  In this alternate embodiment,



‘the switches 516 and 518 is .chosen L§ dependent on the f[err]

i n-phase and quadrature output values I[err]([err]) and
_Qerr]([equﬁ_/_lmsf I[err]([err]) has a value of zero the ze‘F%T’P??B’J?“%n
20 line 515 is output on |ine 523 from tk@Sn-phase switch 516.
However, if I[err]([err]) does not have a value of zero, t hen the
out put fromthe iseparate cutatarsomayhibe 5ifked son both theptransmisshen

the zro tnput oft FacBREid sidss of endlEliqller op JTE1AGYE tEdEof ]
switch 518, and may be jswigjched hatween fhe transmigsionand weceptiont hen
the output | sildedNdf & HE AT £ MMl Sdupléx Speragigytput from
the in-phase switch 518. The gg&guts'gnnéénes.Sé and 524 are sunmed
at a summer 535, and th i abgve HescHiPELoB, COnFRANs: PARYf actor R
at ?e;nrjlafji plier mgifiiciti?,prms:e showlidiqeot sben omstmleGSas In the
FIrD(raovi de a prefe%%%%#sof%aﬁ? '#Aoé)gt fgc‘%lg ug\?%ﬁtfof{? H&Fg%?éfrxgé fs
The reduced sum exeupidfizationsof prrterrved embodinents- therveef.yaManyof
}:?;?-/ tuggg/sgglag ZTHWfJné‘taﬁ Sodttble. Féﬁ%&fﬁﬁﬁﬁi? the burst
10 demodulator adaptive threshold unit could be adapted to
demodulate an encoded two-state signal where the high
state has a signal value above the threshold and the low
state has a signal value below the threshold; the burst
demodulator adaptive threshold unit could be adapted to
15 demodulate a single encoded three-state signal by simply
using only the top half of the circuit of Figure 7; the
burst demodulator adaptive threshold unit could be
adapted to demodulate a signal with more than three
_ states by having all thresholds being multiples of a
20 fundamental threshold value, or by independently
updating multiple thresholds; there could be separate
thresholds for the in-phase and quadrature components;
the reduction factors for the in-phase and quadrature
components could be different; the multiplication factor
25 R in the burst demodulator adaptive threshold unit could
be a value other than 1/32; communications between the
system master 40 and the base stations 44 could be by
radio communications; more or less than four carriers
could be allotted per 12.5 kHz bandwidth; the circuitry
30 of the base station 44 and remote station 46
transceivers could utilize other encoding, filtering and
modulation techniques; and the polling formats could
take many other forms. The modulation of the carriers
113 and 213 is not necessarily 9QPR, quadrature



sunmrer 535, the (i-1)[err] value of threshold being stored ‘ by the
del ay Uiy =c Mathematically, the i[err] val ue of hol d,
THRESH[ ?rl(tr’]gaﬁla;s gi ven by THRESH err] = THRESH err] Pc’i‘@ﬁgglﬂs'kﬁ'f

+ R* [err]l[err]([err])[err] * {[err]kR&rr]([err])[err] - 2*THRESH err]}
+ R* Jerr] * [err] - 2*THRESH err]}, where Ris the

mul ti pl i cati onmpgdatisn,: r Aigital @odulatiom; tbS80may be any fppate
Transcei ver C pgUnmbanlatlion. The renote transceiver 54 diagranmed in
FIG 4 rel ays data 205 acquifed at site units (not shown) to a -

base station 44 by radftf REARSAGINYANtiIoR hascbeen describedr ténctupmsdat a

205 from site ofi aspreterredcemndiient. THE DIVENL PR ! ¢ %&?&rﬂat '

packets 200gfr t I QUO 1 ream of djrectrons ahstiTtted
by a base sfat ?g}? 18ait8 4?%!‘%%5‘@%‘%&?%& diﬁpi‘&&% e descoedy e first
sent t o Batharedshex@roperofi hehd nrertrion 1 défiféd D5 Sthe

station transcgp¥ehdad ciliimgencoder 204 separates the - ata packets
200 into odd and even bits_and per f or s 20 differential encoding on the
data streans. The : resulting even and odd data streanms 206 and 207,
respectively, are sent through digital filters 208 to : shape the
spectrum of the signals. A clock signal 211 '



fromclock 210 controls the rate of processing of 25 encoder 204 and

digital fil ters?&ﬁgS The even and odd data st pReffsesiicssand
215 from W digital filters 208 are then nodul ated by a
quadrature nodul ator 218 to produce a 9QPR signal on carrier 213
generated by a carrier synthesizer 212. 30 Through the feedback
mechani sm descri bed bel ow, the synt hesi zer 212 has a precisely
controll ed frequency of, : in this caeg1=928 Miz. Atransmtting
~anplifier 222 is activated by a burst gate 223 when the renote
station 46 WHAT I8 CLAIMED I8: PCT/ US95/ 16682 WO
96/ 19875 is transmtting data to a base station 44. The
anplified signal 225 fromanplifier 222 is directed t hrough a.

d|plexer 224 to an ant ehna 3Dgapparatus faor sgegadingn engededtanabegls.
: | ncongigrfil0 Al st éF AgDEZenS adp1itudé HcRulation &S UeEérdine

e 22 o el en ke g iner S S S
the local |y gendirmtlmiing a firsti aonZktc walwe ard tahedrwordage 5i gnal 234
to an comprising:-

a first means for comparing a first component of
said encoded analog signal to a threshold value, if said
first component is greater than said threshold value

10 then said first means for comparing sets a first one of
said discrete output values équal to said first nonzero
value, and if said first component of said encoded
analog signal is less than said threshold value then
said first means for comparing_sets'said first one of

15 said discrete output values equal to one of a set of
discrete values, said set of discrete values including a
zZero value; and :

a first means for modifying said threshold value
by adding a first error signal multiplied by a first

20 reduction factor thereto, if said first one of said
discrete'output values is said zero value then said
first means for modifying sets said first error signal
equal to zero, and if said first one of said discrete
output values is sald first nonzero value then said

25 first means for modifyxng sets said first error signal
egual to a ditferehce hetween said first component of

said encoded analog signal and twice said threshold
value.

2. The.apparatus of claim 1 wherein said set of

30 discrete values includes a second nonzero value equal to
a negative of said first nonzero value, if said first
component of said encoded analog signal is less than a
negative of said thresholad value then said first means

AR Ry MDA



10 internediate frequency signal 236. Gven that the ' 'reception.

frequencyologn®Pps Mz and assumng the carrier 213 egrrusosAessin t he
synt hesi zer 212 is exactly 928 M1z, -2 the carrier of the internediate
frequency signal 236 is at 24 M qBUt any error in the output 213

?LetPﬁternedlaﬁéﬂ#req ncﬁéélgna %%%E?ffgysg éﬁghbe & §dfaig%%g he
i nt er medi at e f reipitewaligse@EEl ko t$aid secondanphzéredvaluehedfby an

intermediate fr étFaouPonentaﬂplséi reﬁé@deﬁ aﬂgiﬁgfgg ndyagigature

conponents 240 0 and are separate rom:t _|nterned|ate
frequency si gn&TeRRPE,ERAR sadd negAtive ofnsaidcthresholdevalueyand by

- mixers 242 and ReEs ilidh isaidattrddiiold valudUgHeat gaEaZéiMsi% hledhd! $ogis

and 245 generated controll d Cl osci |l I ator (VCXO
248 10 SammRnhg, anks PO EesOobng afoadid siacEstn, pitess
and 251 are thenmesecﬁwl ta makhaterpfvalees aﬁd .‘I.f saidwificstponeess

- o gnal ¥ 25(6 %1@% t&ﬂﬁyl&&w 1:€£:I.%UCE er egaéaseggggggl e

out - of - band S|gnal rejection t gnals
" 266 and 267. [alue thegp s%\fe#!;s# rwmaefwmetléay&agesm sagdal s 266

and 267 10 fifst)Urhirmiidhal thauauaiéféfeﬂeavﬂut:%ean2§
I deal I'y, the inter i ate frequ f gu ated on a
carrier of exa@lspP n‘ﬁg‘ qtfﬁ %i(ié’ rst coppangnhcph: 83id; #ANSSA’S 244
and 245 at exacaﬂayldgft siignal ancB&wmd shbde{:hreshbhdbaaa:bend signal s 250 ‘
and 251 have a _
3. The apparatus of claim 2 further comprising:
a second means for compa:ing a second component
15 of said encoded analog signal to said threshold value, .
if said second component is greater than said threshold
value then said second means for comparlnq sets a second
one of said discrete output values equal to said first
nonzero value, if said second component of said encoded
20 analog signal is less than said negative of said
threshold value then said second meansdfor comparing
sets said second one of said discrete output values
equal to said second nonzero value, and if said second
component of said encoded analog slgnal is greater than
25 said negative of said threshold value and less than said
threshold value then said second means for coﬁparing
sets said second one of said discrete output values
equal to said zero value, and
a second means for modifying said threshold value
30 'by adding a second error szgnal multiplied by a second
- reduction factor thereto, if said second one of said
_ discrete output values is sexd zero value then said
second means for modifying sets saxd second error s1gna1
_equal to zero, if said second one of said discrete

e



-18- zero frequency g SheeiHas Bdeh@eglicedjuency. and phase of the baseband

signals 25 , f rregiiency and phase err t
carrier S)’ﬁ\{cﬁg‘s&gﬁif"1 ijmﬁm/uﬂm TEasured. by the con?ﬁ’gg{fémgét a
IFther -conve or

a
denodul at or 258 usi ng ) nti ongly tiak- radi.o receiver
techni ques, or the carrier regcoveLy ted scri bed bel ow. Frequency

error signal - 260 may be Ted back to thsggarrier synt hesi zer 212 to
correct its frequency so as to mnimze the aforenentioned error, thereby

effecting a phase: d 0 Ci4laC Wl s _ gh r of .t:he
carrier 213 from éégﬁsgr vé%it es?"ls;(lagrglzdlzf, %xﬁt [ ’S&Elzegiégsg?;ﬁg hggxf’h%ag‘lggnal S
244 and 245 from sacondxmeans o3 MRAiLwingt setpceaidcesanpndr eorornsignal

outputs 244 and 2¢guhfioRd e di@farititd oétweehi BaYaSEabbARa! eoﬁagne t of

conti nuous data denpdul at or, 258 fGPnran.errgr %£t£he fregggnix (o} tﬁé

renote carrier syﬁPHQsFﬂﬁpqéél‘“a °9 SyIaL 2 WiGRaFR19,EDRRENSAE fom

the VCXO 248 agse waluegsiamnd] If maidcecondcond €208akid dliscketegbatput
values is said second nonzero value then said second
means for modifying sets said second error signal equal
to a difference betwveeen an absolute value of said
second component of said encoded analog signal and twice

10 said threshold value.

4. The apparatus of claim 3 wherein saidq first
reduction factor is equal to said second reduction
factor. '

5. The apparatus of claim 1 further comprising a
15 means for scaling an unscaled signal to provide said
encoded analog signal by calculating an amplitude and
phase of a reference segment of said unscaled signal to
generate a scaling amplitude and a scaling phase, and
scaling said amplitude and said phase of said unscaled
20 signal by said scaling amplitude and said scaling phase,
respectively. '

6. A bidirectional radio communication system'
comprised of at least one communication cell, said cell
having a base station and at least one remote station,

. 25 said remote station receiving a polling signal at a
precise base clock rate on a precise base carrier
frequency from said base station, said remote station
transmitting a response signal carrying a baseband
response data signal with a remote clock rate to said

30 base station, said remote station being comprised'of:

' a first frequency synthesizer generating a

remote carrier frequency; '

% € L M s *



264 generated by the continu : égﬁ§@%£ mze@ecause the clock
si gnal +whlosgiogmsr at ed : H%B‘?Et 44 hecSTr0s93/16682
accuracy, the 24 Mz s S %gﬁ(ﬁm 24 ! e radio 46 also has a
hi gh accuracy. Then th pey-te nerated by the

continuous data denodulator 258 is. an accurate representatlon of the
carrier frequency synthesi zer 212 error, d correcting this error puts the
carrier frequency synthesizer 212 accurately on frequency. . The

continuous data denoqul@fLét CtFadhéne?ShetetBaVae N FI G 5.
~Signals 266 and 267 from aqal 095'?Lh tgis 4 argﬂconvégﬁdgc#j[o digital at the

two A/ D conveReERTOSYN m? h%a'?' SEERPRE FAFTisr SrequencyB0 and

281 are scal ednhypb\m.md tsmsl Sta&ﬁeﬁéﬂaﬁs%holﬁtﬁiiﬁ%im ifletheti@gpal s
290 and 291. V\D 96/ 19875

PCT/ US95/ 1668839mali™ -19- Si gnal s 290 and
291 are difgitally filacsecond @rgguency synthieislitzers ditierarclind3ano rej ect
out - of - band | §h¢lebiddYate frequency sinusoid, said intermediate

frequency sinusoid being stabilized by a first frequency
stabilization signal;
- a second freguency heterodyne, said second
10 hetercdyne heterodyning said intermediate frequency
sinusoid and said intermediate fregquency signal to .
generate a received baseband signal;

a first recovery ciréuit, said first recovery
circuit determining an error frequency proportional to a

15 difference between said precise bage carrier frequency:
and said remote carrier frequency;

a second recovery circuit, said second recovery
circuit generating said first frequency stabilization
signal and said remote clock rate from said base clock

20 rate;

a rotator for rotating said baseband response
data signal by a rate proportional to said error
frequency to provide a frequency translated signal; and

a modulator for modulating said fregquency '

25 translated signal onto said carrier freguency to provide
said response signal.

7. The bidirection radio communication system of
claim 6 wherein said first fregquency synthesizer
utilizes said error frequency from said first recovery
30 circuit in a freguency-control loop.

8. A bidirectional radio communication system
' comprised of at least one communication cell, said cell
having a base station and at least one remote station,

G



‘The filtered si gnaI,F'th tﬁgg

Rkl sent to |nputs A and B,
respectively, of a !

5 det erll;p_.ﬂﬁ Q&zam)unt

_spurious FHQ(?WQS'& i I %ﬂ‘(m -:\.rjED jaﬁ e | corrponents I'n SI gnal s 296
and 297 and r MRS X iGee-The _o_; put's.-Alerr] -and B[err] of
the - rotator 300 consist of the m xt-Of es¥ Alerr] = A cos

[err] + Bsmsgbr]r
[err], where er?]olst rot at’l on ase
306 det erni nes tarem:Ieaxﬁr- %mm@%@gmu#ﬂ% Signal at’a Bneci.a

equi val ently, thgaa@ ¢lock tawfﬁnsea PrEsé base 10ast éR! £38GhenEF "Prom
estimator 310 generates a phase er 311 which control s the

anount of rot ati &*ifebase tati%rq‘lﬁ’r&% %yr??é’?{ﬁ‘%‘t oFasdoremete hat
signals 302 alsd station3@ramsmittinte 4 redpotseansi gnellr carrgingnaonent s,

pepectyvely, o pWorhiR Wil il VEEY MBSk 580 akeOERCT o

synt hesi zer 212 @add me gtation during aditransmission;isaidrzeneotey 213,

but not necessari ion beilrfdy {dth ﬁc%g@cgfof the phase-|ocking. Rotator
300 accorrp%t?é es t ﬂ?fec hase- | ocki ng | ocal ly within 25

t he conti nuous datéo@#ﬁﬁﬁl fxequengy % eRizer 9enpEating a yemokesi zer
control to bag elcated dro Mmamy)m:wfuﬁilizing i r£reguéNcy Oékror

Core o oo AR 4 p ot oop; | 21O € G
_ a first frequency heterodyne, said first hetercdyne
heterodyning said remote carrier frequency and said
polling szgnal tc generate an 1ntermediate frequency
15 signal; - R
a second frequency synthesizer generatlng an
intermediate frequency sinusoid, said intermediate
frequency sinusoid being stabilized by a first frequency
stabilization signal; _
20 a second frequency heterodyne, said second heterodyne
heterodyning said intermediate frequency sinusoid and
said intermediate frequency signal to generate a
received baseband signal;
a first recovery circuit, said first recovery circuit
25 1nc1uding

te & on operatﬂé"r{ﬂ l&agfaégfe%eﬁgé%ét dcos

a rotator for frequency-translating
an input signal at a rotator input to
provide a frequency-translated rotator
output signal at a rotator output,

30 ' a phase ‘detector for producing a
' phase detector output proportional to a
phase of a phase detector input,

a ramp estimator for providing a
rotator control signal to said rotator and

35 producing said frequency error signal,

* [+ L M S *



30 signal IeveI over 24 .dB of- 5|gnal | evel variati.ons. The ' anpl i tude

esti mat or of the. - squares of p&pgesge@02 and
303 froﬁ“?ﬂ%‘ 5?%5”%§§Hﬁ§355§fr generate anplltude estrnate 313. The
AGED mat e

magni t ude of 313 .i.s-3f+ected to inverse gain controls
of T omultiplers and 289, thereby stabilizing the
anplitude of signals gafidafreg@éncy errbrpB&dﬂdhﬂhﬁﬂﬂgﬂﬁeﬁithdﬁ the cl ock

phase of signals 302 d 39?1’%?:%%%' e %Qv}%\é %lﬁ.%%%e%g%r%é’a%l%mﬁttg coar se

cl ock estimator 316: e ol S r et or

exh|b|t a peak at thecaa:aeSaﬁquuen#asamnaeaﬁdwcemmtqmaqnnxer
frequency,

-3 a rotator xnput switch for directlng
~ said received baseband signal to said

rotator input during said reception, and
directing said baseband :esponse-sigﬁal to
said rotator input during said

10 transmission,
a rotator output switch for directing
said rotator output to said phase detector .

input and a clock estimator input during
said reception, and directing said rotator
15 ~ output to a modulator for modulating said
‘rotator output onto said carrier frequency
to provide said response sighal during
said transmission,
~ a ramp estimator input switch for
20 connecting said phase detector output to
'said ramp estimator input during said
#eception, and disconnecting said ramp
éstimatof'input during said transmission
-1 ) that said rotator control signal and
25 said freguency error signal are unchanged,
and _ _

a clock estimator -for determining an
estimate of said base clock rate from said
clock estimator input; and

30 a second'recovery circuit, said second recovery
circuit generating said first frequency stabilization
signal and said remote clock rate from said estlmate of
said base clock rate.

Sheet Has Been Rep laced ’
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cl ock phase, and can therefore be used as a coarse estimte of t he cl ock
signal 111 i: estimate of the clock frequency and phase is attained
at "a fine goc estimator 320 by processi r*‘g/td*le nmagni t ude of PETESISIG68al S
302 and 303 at the nom nal zero cro$-3|-n-g--'c-|-n‘ee--es~t-4-m-t-ed-b)uthe coar se
clock estimator 316. This generatgsi{an error signal 264 whi ¢h can be used
to tinme the VCXO 248 thereby putEén@ It accurangly & 24 . Since the
cal cul ation of the clock phase is~ghded®ndent th& carrie phase and
frequency, clock synchronization céh beyachi e bef\are cardier frequency
synchroni zation is attained. Decodi hg Q§25|u~als g02=~and 308 is perforned
at a dat@Q recovery circuit 322 to ptodu rexoxeéred¥dat a 276. Recovered
data 276¢1s directed to the renpote &tation pp»Cessol 203 asishown in FIG 4.

The r ecoveT ex—um T 27 'S‘FJFC'I"f'I"ES'!Whht igf or Rl jmenmsi=Rom=#n0t £ Station 46 is
to coIIecF fromthe si or rdﬁSn1t o the base\statlion 44. . An
al ternate enbo nment d|o tra ve 44 according tb the present
inventiod i's prOV|de n FI 8. Thel trans I Rer wor k9, a¢ described in
the first, pre mbgaThant 54 of FIG 4] e t at iQ this transceiver

544 the Hrequency el gf skgnal 240 |s sent to rot®or 2/jinserted on the
transn1s |on S|de of he & ans e|ve 544, rath than to tA\e carrier

synthe5| - paadle co B8 ;ORE =B ymali-ng~ pRask shifts, and
frequency cor ectl S by addrng ontlnuously i ncreasing or decreasing phase
shlfts QO t | tted S|gnah af her than the carrier 21% 1In
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cul ar,

this transceiver

PCT/ US95/ 16682' ,
Pcrf‘ésgﬂ!ﬁﬁ i oned

arti
transcelve¥“£§?1 75FIG. 4 in that a transnmt rotator 274

bet ween t he digit
baseband data sig
274 are

al
nal s

provi ded by the digital

filters 208 and the

544 differs fromth

2¢9@dr at ur e nodul at or 218. The
5 214in and 215in input to the transmt
filters 208, and the outputs

rot at or

214out and 215out fromthe transmt rotator 274 are directed to the
guadr at ure nodul ator 2 The annug%?q%? r ion [errgﬁproduced by
the transmit ro@P& 274 ils @5 ¢ @ b n@.8l sfYial 272525
produced by the | rgnsm age ranp genergtor ased on
error -?%ﬂﬁil 26 yulator
258 to produ equency as| Xt ed sygngl s} 2140 Al er and 21%out
B[err] consisting of t m Xf ur ey: 15 ﬁ[ rr] \= cos\ [er B
sin [err], o 8 : leccl S 1AL il B che [ ,
where A and B arg rhe baseb#nd inputg 214 njapd 21pin §o

-26dB

-36dB—

. -46dB
-56dB

FIG. 2.




the transnit rotator 274. By produci ng
t he baseband signals 214in and 215in,

has a car W@pé/

no phase | ocking or

Anot her alternate enbodi ment of a ragfo,

the present invention is viNded

wor ks as described in tQe NWirst pr

4, except that thig transceiv i IT8S
frequency | ocki ng t he car Q4r synt
260, with a rotatio bagel |
using a r ot at 280 co | ed Py

the ranp estimator 310 in the)

out put of signal 311 fromt

showmn in FIG 5.)
PCT/ US95/ 16682

this transcei ver 545 differs |1

WO 9

that a transmt rotator 280
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I's positioned between the digital filters 208 and the quadrature
nodul at or 2%2. %Qéggaseband data signals 5 214in and 215in_input to the
transmit rotat ot are provi de Jﬂ)bthe digital filtePSTEB¥N668d t he
frequency- - transl ated signals 2140Ut” and 215out output fromthe
transmt rotator 280 are directed to the quadrature modul at'or 218.
The anount of rotation [err] produced bxothe 10 transmt rotator 280 is
controlled by a control signal 31INprpduced by the receiver-side ranp
generator 310. As before, the fredué*gyfTranslated signal s 214out
Alerr] and 215out B[err] output frongtewes=mansnit rotator 280

consi st of the mxtures: 15 Al er = ??ccs [err] + Bsin[err],
S

and Blerr] = - Asin [err] o B erjr ], where A and B
are the baseband data signals 214ieg 19in_jnput to the transmt
rotator 280. 20 In the nscei ve 5§5 of Figs t he frequency of
the carrier signal 213 produced byt e'carrierzlz is corrected
whenever a frequency error ey ertai fredguehcy threshold
anount, whereas the control 4dignal 311 controls t ransmt rotator
280 conti nuously, and 25 only needs to correct for fregfiency errqQfs up to
t he frequency threshol ¢ am)gg—d.n this case the dback | oop
D

whi ch includes the carrier synt 212 and the onti nuo dat a

denodul at or 258 has only a vgry®™N bandw dt h, Ep s thus easy and
economi cal to inplenent. N
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30 An advantage of this transceiver 545 over the transcei ver 544 of

FIG 8, is_that only a single phase’ ranp generator is needed since
the ranp eYOM#YS 310 on t he rgfﬁi on side of the ECGTAR1666%0
controls the transm tteg-osi gnal Mhout and 2150ut . WO
96/ 19875 N I PCT/ US95/ 16682 -
- 23- I n ot hefN |l t er nat e enbodi nent, the transceiver
only functions in half-dgNlEx no I.4., transm ssion and reception
cannot occur sinultaneoul and t transm ssion and reception sides
of the circuit share 5 {the rqtator control signal 311 and rotator
280. During receptioh thdsasterrate continuous data
denodul at or 558 shown in FIG .1(5 nct ijons as does t cont i nuous
dat-a denodul ator 258 descriped abdue, gxcept §at the rotgtor is now
| abel l ed i th the reference 10 Snungral 280. Durt is&on t he
systemo ates as desgri bed 1jp connection wt nsegei ver 545
of FIG W) [ F_ -
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9. The continuous data denodul ator 558 of the
alternate enbodinent is shown in detail in FIG 10. 15 Durin

reception, NWPP¥M8E 510, 515, 517, 525 and 527 are iRCWég%ém
positions, and the circuit 558 functi-o6g10 as descri bed above in
connection wwth FIG 5 since the . out put of the Costas phase -
detector 306 is connected tog the input of the ranp estimator 310,
the A and B inputs 20 he regceiv tator 280 are connected to

i nes 296 and 297 f
Alerr] and B[err] out
to lines 302 and 303 to the d
phase detector 306, the anplit
estimator 320. During

and 527 are in . the i%

INfilters 292 and 293, and the
eive rotator 280 are connected
; uit 322, t he Cost as
or 25 312 and the fine clock
on, sw tches 510, 515, 517, 525
and the circuit 558 functions as

git

descri bed above in connecti & Wi 3 s{,hce the A and B i nputs
of the receive rotator 280 are Cdnnectfed™r 30 baseband transni ssion
data signals 214in and 215i ffom . tNe. transmt digital filters 208,
and the Alerr] and Blerr] W | @o 4 of the receive rotator 280 are
connected to | i nes me)u%t 13out to the quadrature nodul ator
218. However, in transf He switch 510 controlling the
35 input to the ranmp estinmator|3 |°:bpén, so the ranp
8 | w
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WO 96/ 19875 PCT/ US95/ 16682 -

- 24- estimator nmai ntains the values of the control signal 311

and carrier womenssysgnal 260 used during the previous reception. As
was the case in FIG 9, the feedback | oop whi ch i ncl ud@€TUSeS/16887 i er
synt hesi zer 212 and the 5 continuous data denodul ator 258 has only a
very | ow bandwi dth, and is thus easy and economical to inplenent.
Wth this enbodi ment of the continuous data denodul at or 558 the
total hardware costs are mnimzed since the rotator 280 and ranp
estimator 310 are used on both the 10 transm ssion and reception sides
of the transceiver. In summary, an apparatus for frequency
synchroni zed bidirectional radio system hgggbeen described. It
will be seen that the enbodi nent presented herein, consistent with
t he objects of the 15 invention requency synchroni zed
bidirectioﬁpl radi o system }proa® dg a | ow cost hi gh-throughput

radi o & systemutilizing freq ency d in | tiplexing, tinme

domai n nul ty pl exi ng, freqyency synchrongzat &gg spatial reuse of
frequenci es® ' The frequencyh ~
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20 synchroni zation of renote stations 46 is provided by "extracting

t he precise clocg rate 111 and carrier frequency 113 of the base
station 4R F1izing this |&n!j or mati on in phase- FGEOSPLAG32
circuitry. In an alternate enbdtitent a burst denodul at or

conti nuously 25 wupdates the de@yding threshold based on a conparison
of the signal anplitude and /¥ cUrrent val ue of the

decodi ng threshold. In another alterngpg=gmypod nent, the carrier

| oop, but the transmtted

synt hesi zer is not part of a pha
X rjoportional to a frequency error

signal is rotated by a phase

to provide an accur at Gy , yet anot her alternate
enbodi ment only a frequency | and agai n the
transmtted signal is rotated X oy proportional to a
frequency error to providg i C aRdd frequency. In this
al ternat e enbodi nent, b/ 19875 jE
PCT/ US95/ 16682 ' -2 parat e
rotators may be used on bt hef s ansm ssi on Ni and regéption sides of
the circuit, or a single oty NN ' QN
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may be switched between the transnission and reception
Wil e the

circuit fo%upﬁb

descri ption contai'ns many
construed as
as

%ﬁﬂyplex oper ati on.

speci fi
limtations on the s
exenplifications of preferred

5

5y

S,

si des of the

Bl

t hese shoul
of the invention, but rather
nbodi nents thereof. Many

vari ati ons are possible. For exanple: tla3Perst 10 denodul ator adaptive
threshold unit could be adapted to Jd ate an encoded two-state
signal where the high state h a n al ue above the threshold
and the | ow state has a signalgival bW ow t he threshol d; the burst
denodul at or adaptive threshold uni ted to 15 denodulate a
si ngl e encoded three-state signal é& si mply ushnNg only the top half
of the circuit of Figure 7; the burs dul 8or| adapti ve threshold
unit could be adapt ed | at e al tH nore than three
states by having all threshol ¢is bei mul tiples of a f undaaent al
t hreshol d val ue, or by indepepdently updating nulytiple tthshoIds;
there could be separate thr )ds for the in- se and gyadrature
conponents; the reduct {onS¥ s for the in- e and qfiadrature
conponents could be different] t I plication f 0 25 Rin the
burst denodul at or adaptive thfesh I@ itcould @ val ue ot her
than 1/32; comruni cations bet een |t MPystem ma Q40 and the base
stations 44 could be by ragi hRTuNi‘y tionsagzn or less than four
carriers could be alloftew = 18 & kP _bandw the circuitry
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30 of the base station 44 and renpte station 46
utilize other encoding, filtering and

polling formats could

ccarriers wooe198™13 and 213 is not nece?a%bl

96/ 19875
-26-
modul at i on.
of a preferred enbodi nent.

t he embodi nent depi cted arl®
invention is defined by the*™
PCT/ US95/ 16682

nodul ati on,

jescrib' )
=

R

>
<

but may be

Rat her,

apeenddd cl ai ns.

t he

any type
described in terns
5not limted to
scope of the

WO 96/ 19875

transceivers could
nodul ati on techni ques;
take many other forns. The noD
y 9QPR, quadr
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2272 WHAT 1S CLAIMED | S: 1.  An appar

an, encoded anal og signal suffering fromanplitude no

det er mi ne di screte output values, said discrete outp alues 5
including a first nonzero value and a zero val ue, cdmyri 2i0GUN

a first neans for conparing a first conpofient of saijd jencoded anal o§
signal to a threshold value, if said- - first conponenf is greater—thah
said threshol d val ue 10 then said first .means for conpbsnRg-sets a fir q
one of Faltird SO 4lse 0 ichiehatalcuds oegudliageanabd &i setonanzero
value, and if said first conponent of said encoded anal og signal is

| ess t haAlégraatsr eohodimeatyet Abs frequepgyysyprBropdzRe for conparing
sets Saiﬂiﬁﬁ&%%tﬁ%ﬁagfr di t&gb%&@&g@&qte out put val ues equal to one of a
et of . '

set I screte values, sard set of discrete values including a
zero val ue; afdgure 10 is a szhiemedtcnbdoskf diagovdinf pfngnsailiierhatehol d

val ue addi n first .error.signal ultiplied by a first 20
reductioﬁmpggﬁgﬁn%hQ&éEQF cenEngops, tgngegpdggpaor whefe' the
rotator is switched between the transmission and reception

portions of the transceiver circuit of Figure 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Overview

The present invention will be described in terms of the
preferred embodiment. The preferred embodiment is an apparatus
and method for frequency synchronized bidirectional radio
communications. A schematic geographical depiction of the two—ﬁ:
way radio system of the present invention is depicted in
FIG.1. The system master 40 is the central control system and
information processor. The system master 40 may communicate by
telephone lines 42 with a number of base stations 44,
cdllecting information acquired by the base stations 44 and
sending polling directions to the base stations 44. The
polling directions specify which types of information are to
be collected and when. These base stations transmit a
continuous radio frequency signal 48 to a number of remote
stations 46 in accordance with the polling directions received
from the system master 40. The remote stations 46 are possibly
extremely densely geographically located. Each remote station
46 communicates with one or more site units (not shown). Site
units may, for instance, monitor electrical power consumption
of homes, the status of burglar alarms, or control the

functions of electrical appliances within



_disc¢rete output values is said zero value then said first npansifor
mdi-fying sets said first error signal equal d
first:'one of said discrete out put values is s 'eﬁuﬁmﬂ;§QE§P/a|ue'
t hen said 25 first nmeans for nodifying sets saidjfirst error_sigha
equal to a difference between said firsg-conponent ¢f { 20 JUNIIM ehcpded
anal og signal and twi ce said threshold val ue. P
The apparatus of claim1 wherein said set of 30 {discrete values
| nel udes,gn3gcoRd AOBASECsYaE B 447! ahfl the grofp” st
nonzero va I'T sal nponent o ald encoded ana og si gha

1s less uEaW1ah which thatbaeeoﬁtaandnthdesbmmUnvaaUes;heumpaude3|ast
means 6/ 198 CT/ US95/'16682

e cellrp  ARgaFemgtecratishst AstraREmEE ShpainfarREton TASYyy Lo

val ues egyab benébéeaecianéhaelazQaalbsabuﬁmuhicatlon spufstkr stocengonent of
sai d encoded anal og si gnal greater than said negative of said
thresho|§agg|g§a§hgn 4 w1th1n the cell 50 at times spec1f1ed by the

base station 44.

Base station 44/remote station 46 communications consist
of two modes. In the fast polling mode, base station
transmissions 48 direct remote stations 44 within the cell 50
to inform the base station 44 by radio communication if they
have information ready to be transmitted. Once the base
station 44 has determined which remote stations 46 have data
to be transmitted, the base station transmissions 48 direct
those remote stations 46 with information to respond. Each
transmission from a base station 44 specifieé which remote
stations 46 are addressed, what type of information the
addressed remote stations 46 are to transmit, how long the
addressed remote stations 46 are to wait before transmitting,
and how long the remote station 46 response is to be.

The format of the base station 44/remote station 46
communications is described in U.S. Patent No. 4,972,507,
issued November 20, 1990, which is incorporated herein by
reference.

To minimize radio interference between cells 50, the base
44 and remote 46 stations of neighboring cells 50 transmit at
different frequencies. The larger the number of transmission
frequencies utilized in the system, the larger the spacing
between cells utilizing the same frequency, and the less the
interference between cells.

Because the present invention provides frequency accuracy .

and-stability of the remote station carriers at



5 i ess than said threshold val ue then said first 'rreathEPLACEMEN'EGﬁEEJTI

sets said first one of said discrete output - val Jes equal 10 sar ero
value; and if said first one of said discrete oyt gut o aif d
second nonzero val ue then said first geans for rnﬁlfyﬁ%dugs?gé [

10 first error signal equal to a di fferentd bet weeen

val ue of said fi Efi&e&%@i@ww@ (Sql q W&;bbatne

said threshold va ratus of cla
conpri si ng: 522 mterpa:a;@cmq‘h’eaas & orl candr iﬁgtheswadnthtmonent

15 of said enco alpg sl gnad *ﬁFEH I I d
second conponentdignapééﬁér t han sal 4#? €h¥ﬁ. ue t e%lgéjﬁé
second means fortbéngéﬂ'ﬁﬁms‘ét é’ad‘“?edoﬂ-dx THRES#Hhe10f a§§l degssthanetbet put

val ues equal to gRrdshiond value TRRESH| O, Vehe/Cqu aarseuéesaaeadesos'genent of
sai d encoded %s t han Said negative of sal

28 anal o @ﬁ I S Ie
threshol d val ue tRERTPE; ond Geor conparing . sets sald second
one of said discrete outRut esdhiasit ot tl'muﬂl grizl satwicecews Doy

val ve, and 11 SHRBERATA, yarug SEREHTY £ 3%353”5?8693 R .,

threshol d val ue £hom Shied absodutenvalneBopfctimearii*fgin-phasgeandsai d second

S eCond s SRR, UBbbings. £y Y TP o' BLAAL o Uk
431 at in-p ase and quadrature comparison units 510 and
512, respectively. The outputs from the in-phase and

' quadrature comparison units 510 and 512 are directed to

in~phase and quadrature switches 516 and 518. Also
directed to the in-phase and gquadrature switches 516 and
518 is a zero value on line 515. Which of the inputs to
the switches 516 and 518 is chosen is dependent on the
i*® in-phase and quadrature output values I .!!) and
Qoue(1?.  If I, Y has a value of zero the zero input on
line 515 is ocutput on line 523 from the in-phase switch
" 516. However, if I_.!!) does not have a value of zero,
then the output from the in-phase comparison unit 510 is
output from the in-phase switch 516. Similarly, if
Qou‘“ has a value of zero the zero input on line 515 is
output on line 524 from the quadrature switch 518, and
if Qgue!l) dces not have a value of zero, then the output
from the quadrature comparison unit 512 is output from
the in-phase switch 518. The outputs on lines 523 and
524 are summed at a summer S25, and the sum is
multiplied by a reduction factor R at a multiplier 530
to produce a reduced sum on line 531. In the preferred
embodiment the reduction factor R has a value of 1/32.

‘The reduced sum on line 531 is then added to
the (i-1)%P value of the threshold THRESH;.;, at a second
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factor thereto, if said second one of said di scr S
sai d zero val ue then said second nmeans for nodifyirg sets said s¢cdnd

L

error signal equal to zero, if saiggecond one off dai @ GUUNEPR
-29- output values is said first nonzero val e then sgi q second neans|f

nodi fying sets Satdl f;:.:ftgﬁ@ néy' eirsiapal Qﬁéafrééuéné f BaacpR&s@cb¥ecehesal d

second component of ncoded_apal o I
val ue, and rf:ﬂﬁ%?%éﬁ%nﬁlﬂﬁé 812 §%lﬂ“g ié?gﬁénaugbﬁfe ¥ t8e fregyepc¥econd

nonzelro val :Je tded pivade seepots nefintshé ocarviletysppthesizesi d13eoenycxor or
component o s 4P ertbRcRcaRITed BY huf shneEnibie Bake, ArudfhratsE ot
using either conventional digital radio receiver
techniques, or the carrier recovery technique described
below. Frequency error signal 260 may be fed back
to the carrier synthesizer 212 to correct its frequency
so as to minimize the aforementioned error, thereby
effecting a phase~-locked loop circuit.
_' For high accuracy of the carrier 213 from carrier
synthesizer 212, it is necessary that the signals 244
and 245 from the VCXO 248 also be accurate, because any
error in the outputs 244 and 245 from the VCXO 248 is
indistinguishable to the continuous data demodulator 258
‘from an error in the frequency of the remote carrier
synthesizer 212.
The 24 MHz signals 244 and 245 from the VCXO 248
'~ are synthesized from the recovered 1200 Hz clock signal
264 generated by the continuous data demodulator 258.
Because the clock signal 111 generated at the base
station transmitter 44 has a high accuracy, the 24 MH2z
signals 244 and 245 at the remote radio 46 also has a.
high accuracy.k Then the frequency error signal 260
' generated by the continuous data demodulator 258 is an
accurate representation of the carrier frequency
synthesizer 212 erfor, and correcting this error puts
the carrier frequency synthesizer 212 accurately on
frequency.

The continuous data demodulator circuit 258 is
shown in detail in FIG. S. Signals 266 and 267 from
analog filters 254 are converted to digital at the two
A/D converters 284 and 285, and the resulting digital
signals 280 and 281 are scaled by two multipliers 288
and 289 to produce amplified signals 290 and 291.




4. The apparatus of claim3 wherein said first reduction Izuiiu-4ﬂrgﬁﬁﬁ?, to
sai d second reduction factor. 5. The apparatukggP Eﬂﬂﬂﬁf her
conprising a neans for scaling an unscal ed signal to pt
anal og signal by calculating an anplitude and phase of {a re&gfggge?ﬂgg
of said unscaled signal to generate a sp@ing anplitude l
phase, and scaling said anplitude and said phase of saild | by
sai d scaling anplitude and said scaling phase, respectilely. 6. A
bidirect Ladl_o | N gg th Laﬁﬁ?f%uaéeof '
connunlca |on %% ¥ 2%%n§5@e%%@ @P%¥%%§g§§g52? ? ﬂ g at “['east one renote
station, siqndlseaBMeamHaQBan receiving a polllng S|gnal at a base
clock rate on_a base c r fre % sai d ase stﬁtigg sai d
remote statioft PREASHIDATNG 5 @?% n&& Bﬁ giLog nb?ﬁ& b5LEBaNE P&%ponse
data sigpal woshia ra%mfeere@ Ws@@faﬁlh@ $dglahase3shat hoBoa¥aed cNOWR! €
station being conprised : first frequency synthesizer generating
a renotee§§pma§prfﬁé@uem@¢ output 318 of estimator 316 can be shown to
exhibit a peak at the data sample times that have the proper
~clock phase, and can therefore be used as a coarse estimate of
the clock signal 111. A finer estimate of the clock frequency
and phase is attained at a fine clock estimator 320 by
processing the magnitude of the signals 302 and 303 at the
nominal zero crossing times estimated by the coarse clock
estimator 316. This generates an error signal 264 which can be
used to time the VCXO 248 thereby putting it accurately on 24
MHz. Since the calculation of the clock phase is independent
of the carrier phase and frequency, clock synchronization can
be achieved before carrier frequency synchronization is
attained. Decoding of signals 302 and 303 is performed at a
data recovery circuit 322 to produce recovered data 276.
Recovered data 276 is directed to the remote station processor
203 as shown in FIG.4. The recovered data 276 specifies what
information the remote station 46 is to collect from the site
units, or transmit to the base station 44.

An alternate embodiment of a radio transceiver 544
according to the present invention is provided in FIG.8. The
transceiver 544 works as described in the first preferred
embodiment 54 of FIG.4, except that in this transceiver 544
the frequency error sigﬁal 260 is sent to a rotator 274
inserted on the transmission side of the transceiver 544,
rather than to the carrier synthesizer 212, to effect phase
corrections by adding phase shifts, and frequency corrections

by adding continuously increasing or decreasing phase shifts,

to the transmitted signal rather than the carrier 213. In
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) a fiirst frequericy heterodyne, said first hetn

het erodyning said remote carrier frequency and polling ]
an internediate frequency signal; a second frequengy synthe5|zer
generating an internediate frequency si nugg sai d int¢ried2& UNMBIBiehc
sinusoi d being stabilized by a first freq ncy

second frequency | C ete
intermediate fre J@lcyq'g&l/l%ssm %ﬁgﬁsgﬁ%#nt e#%#]%t?# %é}}vgii' nal o

stabiliz t|on si gnal ;

generate a receisegPnishouangl forgmadifying sdts aai@mm oermlrtslgaaql
flrst recovery Gl ledldd AIFAUrinct beRINUlsd1d Yachit Loddddi el 49 2

di f ference between sai d base carrier

frequency;

uency and sal
spigd qnrrdast dradpgc signad, 3?&1\ &mrﬁnrbcexmgmm cuit

generating sai d alnss, farrmuem%mat alibngrlon of Wald At arith r&igpge ¢l ock
rate from said baﬁe C|QCk r at

ues 1s saxd second nonzeroc value then said second
means for modifying sets said second error signal equal
to a difference betweeen an absolute value of said
second component of said encoded analog signal and twice
said threshold value.

4. The apparatus of claim 3 wherein said first
reduction factor is equal to said second reduction
factor.

5. The apparatus of claim 1 further comprising a
means for scaling an unscaled signal to provide said
encoded analog signal by calculating an amplitude and
phase of a'reference segment of said unscaled signal to
generate a scaliné amplitude and a scaling phase, and
scaling said amplitude and said phase of said unscaled
signal by said scaling amplitude and said scaling phase,
respectively. '

6. A bidirectional radio communication systenm
comprised of at least one communication cell, said cell
having a base station and at least one remote station,
said remote station receiving a polling signal at a

. base clock rate on a - base carrier
frequency from said base station, said remote station
transmitting a response signal carrying a baseband
response data signal with a remote clock rate to said
base station, said remote station being comprised of:

a first frequency synthesizer generating a
remote carrier frequency;

| RED 0 A



.a rotator for rotating said baseband response data siBEgLAGENEQULS

proportional to said frequency error signal to provideja frequency
transtated signal; and a modul ator for nodul ati g {sapq@ JURAPIBIC
transl ated signal onto said renote carrier frequency|tq provide said
response signal. 7. The bi di reggd onal radi o {cOmTumnicati on Sys!

of claim®6 wherein said first frequency synthesizer Jtilizes s
error signal fromsaid first recovery circuit in a frequency-control | oop.

8

station, heterodyning said remote carrier freglkency and polling signal

to generate an intermediate frequency signal;

em
ency

rror signal fi _ over. !
communi cat | on "cal St S T At HERe S FaRsk eSEPAYEE NG Tonot e

a second frequency synthesizer generating an intermediate

frequency sinusoid, said intermediate frequency sinusoid being
stabilized by a first frequency stabilization signal;

a second frequency heterodyne, said second heterodyne
heterodyning said intermediate frequency sinusoid and said

intermediate frequency signal to generate a received baseband

'signal;

a first recovery circuit, said first recovery circuit
determining a frequency error signal related to a difference
between said base carrier frequency and said remote carrier
frequency; '

a second recovery circuit, said second recovery circuit
generating said first frequency stabilization signal and said
remote clock rate from said base dlock rate;

a rotator for rotating said baseband response data signal
by a rate proportional to said frequency error signal to
provide a frequency translated'signal; and

a modulator for modulating said frequency translated
signal onto said remote carrier frequency to provide said

response signal.

7. The bidirectional radio communication system of
claim 6 wherein said first frequency synthesizer utilizes said
frequency error signal from said first recovery circuit in a

frequency-control loop.

8. A bidirectional radio communication system comprised -

of at least one communication cell, said cell having a base

station and at least one remote station,
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sai'd renote station operating in half-duplex riode sj
“receiving a polling signal at a base clock rate on 4§
fréquency from sai d base station during a reception,
transmtting a response signal carrying a baseband r
renote clock rate to said base station during a tran
station being conprised of: a first freaa ncy synt
renote carrier fregue an i i Zi requen
frequency-controPaﬁ§08§¥°t5 gF$§F°Pr&§§§%; i ;
het er odyne het er vémotegstatdonereceivang e poklimg cgigmall satdapol | ing
signal to genera n .k r 2 f,r equency S | . e uenc
synt hesi zer gene%’gﬁgngh‘g&g ﬁg:'emtggil aat e frequeﬁé:%%i%%%ﬁ , gg?%ugﬁgg te
i nt er medi at e f regaddcpasenstaitd onedig inh# ITecaption, fsatd femgbency

stabilization si 4 f3 S n
het er odyne hetergg?ﬁg%g?&%ﬁéﬁ%%%%ﬁ%@%uﬁﬁ gﬁg gai d

i nternedi ate freh@® REPONSe SigNAle With & RARPIREHRFR EatRate  a

first recovery cigadd basedistatiion GRdIEd trdnsnissieh 0s09d remote

rotator for fredyueneloh’ 3aingd iprised of:

a first frequency synthesizer generating a remote
.carrier frequency, and utilizing a frequency error
signal in a frequency-control loop; |

a first frequency heterodyne, said first heterodyne
heterodyning said remote carrier frequency and said
polling signal to generate an intermediate frequency
signal;

a second frequency synthesizer generating an
intermediate frequency sinusoid, said intermediate
frequency sinusoid being stabilized by a first frequency
stabilization signal;

a second frequency heterodyne, said second heterodyne
heterodyning said intermediate frequency sinusoid and
said intermediate frequency signal to generate a
received baseband signal; '

a first recovery circuit, said first recovery circuit
including

a rotator for frequency-translating
an input signal at a rotator input to
provide a frequency-translated rotator
output signal at a rotator output,

a phase detector for producing a
phase detector output proportional to a
phase of a phase detector input,

a ramp estimator for providing a
rotator control signal to said rotator and
producing said frequency error signal,

* c L M S *



an.input signal at ‘a rotator i nput to' o provide a1

-~ rotator : out put signal at a rotator output, . a phase
det ect:or for producing a phase detector output pno ork a -pgga
_phase of a phase detector input, a ranp esti ($§ “provid
a : rot ator control signal to sai d ragtat or and

frequency error signal, d
frequency error signal i&imgffetaéﬁdy errort 8igndif beingteelats

gafgtator |ﬁSL{|§&nILﬁ encﬁ??ﬁ%??%ﬁgergggagﬁﬁggéégelved basé%%ﬁgngYQnal to
sai d rotator inpucadeiengfreidencyepndosaidndemote cdrracm ng said
baseband response S'gnafréﬁhency,
a rotator input switch for directing
said received baseband signal to said
rotator input during said reception, and
directing said baseband response signal to
said rotator input during said
transmission, |
a rotator output switch for directing
said rotator output to said phase detector
input and a clock estimator input during
said'reception, and directing said rotator
output to a modulator for modulating said
rof._aitof‘ output onto said remote carrier frequency
to provide said résponse signal during
said transmission,
. a ramp estimator input switch for
connecting said phase detector output to

said ramp estimator during said
reception, and disconnecting said ramp
estimator during said transmission

so that said rotator control signal and
said frequency error signal are hnchanged,
and _ _

a clock estimator for determining an
estimate of said base clock rate from said
clock estimator input; and

a second recovery circuit, said second recovery
circuit generating said first frequency stabilization
-signal and said remote clock rate from said estimate of
said base clock rate.
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