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Description

Background of the Invention

This invention relates generally to digital radio systems and more specifically to a system for
transmitting, receiving, and demodulating TOMA two-dimensional (0.9. QPSK) modulation in a multipath
fading environment such as an environment where the transceivers may be in motion and are served from
fixed site transmitters and receivers such as in radiotelephone system. This invention is related to the
Applicant's European Patent Applications EP-A-0318684 "Rapid Reference Acquisition and Phase Error
Compensation for Radio Transmission of Data”, naming Labedz et al. as inventors and EP-A-0318685
"Phase-Coherent TDOMA Quadrature Receiver for Multipath Fading Channels”, naming Borth et al as
inventors, claiming the same priority date as the present application and containing related subject matter.

In a typical environment, a UHF or microwave radio channel exhibits a multipath structure in addition to
Rayleigh fading. Thus, a radio transceiver for a mobile or portable TDMA system operating at high data
rates must accommodate reception of multipath replicas of the transmitted signal, each with a random
magnitude, phase, and time delay with respect to the transmitted signal. Without corrective measures, the
data message can be obliterated by the multipath signals. As early as 1958, a receiver capable of
accommodating these impairments was described for the use of either Differential Binary Phase-Shift
Keying (DBPSK) or noncoherent Fraquency-Shift Keying (FSK). It employed a channsl sounding method to
estimate the channel impulse response or channel profile, and a transversal equalizer having taps which
wore adjusted in response to the estimated channel profile.

By 1960 the multipath channel had been exhaustively studied and simulated, and optimum reception
had been defined, but largely avoiding phase coherent techniques. Such demodulation techniques do not
permit the use of higher spectral efficiency modulation methods which employ two-dimensional signaling
techniques such as shaped Quadrature Phase-shift Keying {QPSK) and its variations.

By 1983, TDMA (Time Division Multiple Access) receivers for digital telephony using Binary Phase-Shift
Keying (BPSK) phase coherent detection had been described in U.S. Patent No. 4,587,662. In 1985 this was
extended to include QPSK, but the receiver was only described in general terms.

In 1986 an MSK receiver, with possible application to QPSK, was reported which could accommodate
two rays of multipath and which used an adaptive equalizer employing both feedforward and feedback
filtering. (See Krister Raith et al, "Multi-Path Equalization for Digital Cellular Radio Operating at 300
kbits/s", 36th IEEE Vehicular Conference, pp.268-272, May 1986). Although this adaptive equalizer appar-
ently has never been thoroughly described in the literature, it is different than the multipath correlation
employed in the present invention since it requires decisions to be made on the output in order to adjust
the equalizer.

Adaptive equalization generally operating continuously on the data being received has been utilized in
digital microwave receivers receiving continuous data streams. Such continuous receivers can equalize over
a relatively long period of time. TDMA, dus to its burst-like characteristics, demands rapid determination of
the channel profile including the significant multipath contributions. Even though the data transceiver may
be moving, the channel profile can be assumed to undergo negligible changes in a given TDMA timeslat if
the timeslot is sufficiently short in duration. :

Summary of the Invention

The present invention provides a time division multiple access (TDMA) radio system which conveys a
data message using quadrature phase shift keying (QPSK) modulation and a synchronization sequence in a
timaslot over a radio channe!. The transmitter transmits the synchronization sequence in only one vector of
the QPSK modulation and the recsiver receives and smploys the one vector synchronization to compensate
the data message for multipath and phase variation during one TDMA timeslot.

The invention also extends to a method of conveying a data signal and to, individually, a radio
transmitter and a radio receiver per se, as defined in the claims.

it will be understood that the invention is not limited to any particular variant of quadrature phase shift
keying. It will also be understood that the angle of the single vector in which the synchronization sequence
is transmitted relative to the phase of the QPSK data is immaterial.

A radio channel multipath model is preferably created from the synchronization sequence and that
model is utilized during only one timeslot period.
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Brief Description of the Drawings

Figure 1 is a block diagram of a data transmission system employing quadrature digital transmission
and reception.

Figures 2A and 2B are, together, a block diagram of a TDMA receiver which may receive QPSK signals.

Figure 3 is a block diagram of a TDMA receiver signal processor which may advantageously employ
the present invention.

Figure 4 is a block diagram of the peak detector circuit of the receiver of Fig. 3.

Figure 5 is a graph of the synchronization correlator outputs Cit) and Cg(t} plotted against time and
showing a possible set of outputs including a correlation detection.

Figure 6 is a block diagram of a QPSK transmitter which transmits a synchronization sequence during a
portion of a TDMA timeslot in accordance with the present invention.

Figure 7 is an illustration of the TDMA signal format which may be transmitted from the transmitter of
Fig. 6.

Description of the Preferred Embodiment

A radio frequency system conveying a data signal from a transmitter 101 to a receiver 103 is shown in
Fig. 1. In a radiotelephone system, transmitter 101 would be a fixed site transmitter serving a radio
coverage area which would be populated by mobile or portable transcievers, the receiver of which is shown
as receiver 103. Additionally, more than one radio coverage area can be linked in such a way that
continuous coverage may be provided over a wide area, ie., a cellular radiotelephone system or an
integrated area such as an office building or shopping mall. (Ses, for example, instant assignee's U.S.
Patent Application No. 44,920 "Microcellular Communications System Using Macrodiversity" filed on behalf
of Gerald P. Labedz on May 1, 1987).

In the preferred embodiment, quadrature phase shift keying (QPSK) is employed to increase the
through put of the channel although other multi-dimensional signaling may equivalently be employed.
Further, the well-known fime division multiple access (TDMA) technique of sharing a limited channel
resource among a large number of users is employed in the present invention. Each of the users is
assigned a brief period of time (a timeslot) during which a message may be transmitted to or received from
the user. The advantages of such a TDMA technique over other techniques (such as frequency division
multiple access FDMA) are: a) no duplexer is required for full duplex communications, b) variable data rate
transmission may be accommodated through the use of multiple adjacent time slots, ¢) a common radio
frequency power amplifier may be used to amplify multiple channels at any power level without the
combining losses or intermodulation distortion present with FDMA, and d) a capability of scanning other
"channels™ (timeslots) without requiring separate receivers may be provided.

The high data rate employed in the present invention (2000Kbps to 2Mbps) exceeds the channel
coherence bandwidth of the mobile radio channel for many urban and suburban environments. As a result,
the channel exhibits a multipath structure in addition to the expected Rayleigh fading. The receiver of the
present invention enables TDMA quadrature signals to be coherently received over a multipath fading
channel. This smbodiment will demodulate a 2-megachip/sec QPSK radio signal, the only constraint being
that the acquisition sequence be transmitted as a binary phase shift keying (BPSK) signal with a
predetermined phase relative to the QPSK data.

Figs. 2A and 2B are a block diagram of a TDMA receiver which may be employed to recover TDMA
quadrature phase shift keying data and is described in instant assignee’s U.S. Patent Application No.
009,973 "TDMA Communications System with Adaptive Equalization™ filed on February 2, 1987 on behalf of
David E. Borth and is incorporated by reference hersin.

The digital signal outputs of the A/D converters 208 and 211, respectively, are applied to in-phase (I)
time slot correlator 213 and quadrature (Q) correlator 215, respectively, as well as to their rospective signal
buffers 217 and 219. | correlator 213 performs a correlation function between all received bits of the input
signal and a pre-loaded synchronization word (1 sync word) corresponding to the in-phase time slot sync
word.

The output of | correlator 213 is a digital bit stream representing the sample-by-sample correlation of
the received data with the stored synchronization word replica for the timeslot. The correlation function
exhibits a peak when the | sync word is located in the received sample data. In the same way, Q correlator
215 performs a correlation function between the pre-stored quadrature Q sync word from memory 221 and
the sampled quadrature (Q) input.
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The outputs of correlators 213 and 215 are applied to squaring blocks 223 and 225, respectively. The
squaring block output signals represent the squared values of the separate | and Q correlation operations
respectively. The squaring block outputs are then applied to summing block 227. The | and Q correlation
signals are summed together to form a squared envelope signal which represents the sum of squares of the
correlation signal. The squared envelope of the correlation signal makes an explicit determination of the
phase ambiguity unnecessary. Thus, without resolving any ambiguity, a large amplitude signal output from
summing block 227 represents a possible start location for a particular timeslot.

The output of summing block 227 is then routed to time slot detector 229, wherein the summed
correlation signal is compared with a predetermined threshold value. This threshold value represents the
minimum allowable correlation value which would represent a detected timeslot. i the summed output is
greater than the threshold value, a time slot detect signal is generated and applied to system timing
controller 231.

Timing controller 231 functions as a phase-locked loop (PLL), using a stable timing reference to validate
the timeslot detect signal and provide a validated detect output signal. The validated timeslot detect signal
is applied to AND gate 233 along with a bit clock output. The combined timeslot detect/bit clock signal is
then routed to the | and Q signal buffers 217 and 219, respectively. Data signals are clocked into signal
buffers 217 and 218 using the combined detect/bit clock signal.

in the implementation shown in Figs. oA and 2B, a conventional baseband synchronous decision
feadback equalizer (DFE) 234 is employed for data signal recovery. The DFE 234 basically consists of two
parts: a forward linear transversal filter 235 and a feedback linear transversal filter 237. The forward filter
235 attempts to minimize the mean-square-error (MSE) due to intersymbol interference (11}, while the
feadback filter 237 attempts to remove the IS due to previously detected symbols.

The decision feedback equalizer 234 structure is adapted at least once each time slot in order to
compensate for the effects of the time-varying multipath profile. The equalized and quantized complex data
output from quantizer 238 is applied to multiplexer 239 for 2:1 multiplexing together with the data clock and
output as an output data word.

Returning to Fig. 1, in a QPSK communication system, a transmitted signal x(t) may be expressed as:

x(t) = a(t)coswt + b{t)sinawct (1)

where a(t) and b(t) are the in-phase and quadrature information signals and o, is the carrier frequency of the
QPSK signal in radians/sec.

A frequency-selective (or delay-spread) channel that is, a radio channel subject to multipath interfer-
ence, may be characterized by an equivalent channsl impulse response given by:

h(t)-ao&(t-ro)ﬂl]ﬁ(t-f Y+a S(t-1r )+ .

m
:}:0015(1:41), (2)

where «, is the amplitude of the i-th resolvable path, 7, is the (excess) path delay associated with the i-
th resolvable path, and m + 1 is the total number of resolvable paths.

For a channel input given by equation (1), the output of the equivalent delay-spread channel! having the
impulse response of equation (2) is essentially constant during any given timeslot, and given by:

[ © m
y(t)=x(t)¥h(t)=fx(r)h(t-r)dr=x(r)Fas6(t-r-r)ar

-0 -0 i=0
m o
=Ya; [x(r)é(t-r-rj)dr
j=) -w
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m
y(t)-}:aix(c-fi)
i=0

Iggi [a(t-fi )coswc(t-ri )+b(t-ri )simc(t-fi y]. (3)

It is this signal, y(t), which is input to receiver 103. When the local oscillator reference 105 in the
receiver has a phase offset of v with respect to the (direct-path) received QPSK transmission, the receiver
local oscillator reference may be given by cos (w.t+v) and is essentially constant during a TDOMA timeslot.
(Although the antenna is shown connected to the mixers 107 and 111, it is likely that additional signal
processing will be required for higher frequency radio signals. if down-conversion to an intermediate
frequency is used, the output frequency of local oscillator may be different). Let Ul({t) denote the output of
the mixer 107 in the uncorrected in-phase branch of the receiver and let UI'(t) denote the low-pass filtered
version of Ul(t)output from low pass filter 109. Similarly, let UQ(t) denote the output of the mixer 111 in the
uncorrected quadrature phase branch of the receiver and let UQr{t) denote the low-pass filtered version of
uQ(t) from filter 113. UK({t) and UQr(t) are subsequently input to signal processor 115 for resolution into | and
Q data and then coupled to data signal recovery 117.

Ui(t) is given by:

m
UI(t)-cos(wctﬂiz:gi [a(t-fi )coswc(t—fi )+b(t-ri )simc(t-fi )]

m
-Zai ((1/2)a(t-r, Y(cos(y+wcr, }+cos(2wat+y-wer, 1)+
1""0 i 1 i .

(1/2)b(t-7; )(sin(chtﬂ-wcri }'Sin(‘”“"c’i 1. (4)

The low-pass filtered version Ul'(t) of UI(t) is given by:

m
ur’ (t)IE(()l/Z)ai [n(t-ri)cos(chri)-b(t-ri )s:l.n(1+wcri Y1, (5)

Similarly UQ(t) is given by:

m
UQ(t)-sin(uct+7i§gi [a(t:-fi )coswc(t-ri )+b(t:-ri )simc(t-ri )]

m
I}:g i [(1/2)a(t-r; ) (sin{2uot+y-wer; +sin(yhwer; 1)+

(1/2)b(t-1, ) (cosly+ucr, ]-cos(chtﬂ-wcfi 1)1 (6)
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and UQ(t) is given by:

m
uQ’ (t)Igc()l/Z)a i [a(t:--f'i )s:l.n(1+wcri )+b(t:-1i )cos(-ﬁ-wcri Y1, (7)

Considering the operation of the present invention in mathematical form, it is an important feature that
the transmitted signal x(t) during the synchronization (or training} phase of the equalizer 115 is a BPSK
signal. When transmitted in the I phase it is given by:

*1{t) = ar(ticosw,t (8)

where signal ar(t) (not shown) is a predetermined synchronization sequence with good aperiodic autocor-
relation properties, such as one of the Barker sequences.

The uncorrected in-phase and quadrature receiver branch outputs corresponding to the synchronizing
transmitted signal xr{t) may be found by substituting the signal of equation (8) in the received and low pass
filtered signals UI'(t) and UQ'(t) of equations (5) and (7) respectively, yielding:

m
UI'T(t)-;gél/z)ai[a-r(t-ri)cos(1+wcri)] (9)
and,

m
uQ T(t):Eél/Z)ai[aT(t-ri)sin(1+wcfi)]. (10)

Thus UI'(t) and UQY(t) are defined during the training phase as "T" as shown in equations (9) and (10).

Referring now to Figure 3 which illustrates the preferred embodiment of the present invention in block
diagram form, the signals Ul's{t) and UQ+(t) are applied to synchronization correlators (303 and 305,
respectively) via conventional fast A/D converters 307 and 309. In the preferred smbodiment, synchroniza-
tion correlators 303, 305 are 4 by 32 bit digital finite impulse response (FIR) filters programmed to provide
signed weighted correlation outputs. Synchronization correlators 303 and 305 are realized by an IMS A100
Cascadable Signal Processor available from Inmos Corp., Colorado Springs, Colorado. The outputs of
correlators Ci(t) and Cqft) which are, in simple terms, weighting factors for each i-th resolvable path,
generated during reception of the acquisition sequence, may have the appearance as shown in Fig. 5 and
are given by:

m
CI(t);231/2)aipos(1+wcri)&(t-ri) (11)
and,
o
Cq(t);§é1/2)aisin(1+wcfi)6(c-ri). (12)

The & function in equations (11) and (12) determine when to sample the in-phase and quadrature
receiver branch outputs and the « factor provides a weighting for each i-th resolvable pass contribution. In




10

15

20

25

30

35

40

50

55

EP 0 318 688 B1

the preferred embodiment, a sequence controller 311 is realized using a conventional microprocessor {such
as an MCB8020 microprocessor available from Motorola, Inc.) and associated memory and timing dividers.
The sequence controller 311 loads a predetermined normalized replica of the acquisition sequence (32
each 4-bit words) stored in the memery of sequence controller 311 into synchronization correlators 303 and
305 prior to the desired TDMA timeslot to be demodulated. TDMA frame timing is determined by the
sequence controller 311 employing a conventional framing algorithm to confirm and maintain timeslot
acquisition.

Synchronization correlators 303 and 305 each correlate the stored acquisition sequence against the last
32 received A/D samples, and for each new sample perform another complete correlation. While receiving
noise or random data, the outputs Ci(t) and Cqft) of synchronization correlators 303 and 305 are small
numbers of either polarity, emerging at the same rate as the A/D sampling rate (4 per chip interval). If the
radio channel were free of noise and not degraded by multipath, then when an acquisition sequence has
been received and digitized and entered into the correlators 303 and 305, C(t) and Cg(f) would simulta-
neously manifest a pair (or sometimes two adjacent pairs) of signed numbers significantly larger than those
produced by noise or random data, such that the root sum of squares of these numbers would be
proportional to the magnitude of the received signal, and the phase angle y relative to the local reference
oscillator is:

y=arc tan [Co®/Ci()].  (13)

In the presence of multipath, each significant path will result in the presence of such a peak pair
appearing on Ci(t) and Cqft), the signs and magnitudes of each pair of ouiputs at each peak defining the
delay, phase angle, and amplitude contribution of that path to the total, fulfilling the equations (11) and (12).
Thus, each sequence of numbers Ci(t) and Cqft) are bipolar multipath channe! profile estimates, which
resemble a classic multipath channel profile, except that they are bipolar.

Each of the M/PATH correlators 312, 313, 315, and 317 are FIR filters of at least 32 taps. In the
preferred embodiment, each M/PATH correlator is realized by an IMS A100 Cascadabie Signal Processor
(available from Inmos Corp., Colorado Springs, Colorado} conventionally connected as a correlator. During
the acquisition sequence at the beginning of each desired timeslot, Ci(t) is shifted into the TAP control entry
of M/PATH correlators 312 and 317, and Cg(t) is shifted into the TAP control entry of M/PATH correlators
313 and 315. Peak detector 318 is shown in Fig. 4 and comprises a root sum of squares approximator 401
and a threshold detector 403 having an output which signals the sequence controller 311 of the first
significant ray of multipath. The sequence controller 311 then provides just enough additional reference port
clocks to shift this peak all but through the M/PATH correlators, thereby capturing Ci(t) and Cgf(t) in their
respective M/PATH correlators. In the preferred embodiment, the root sum of squares approximator 401 is
realized employing a magnitude adder 405 which adds |C(t)] and (1/2)|Cqa(t)| and magnitude adder 407
which adds |Cq(t)] and (1/2)|G(t)}. The outputs of magnitude adder 405 and magnitude adder 407 are input
to conventional magnitude comparators 409 and 411, respectively, where the root sum of squares
approximation is compared to a predstermined threshold to generate an ouiput to the sequence controller
311 (via OR gate 413). This and other approximations to the square root of the sum of the squares may be
found in, eg., A.E. Filip, "A Baker's Dozen Magnitude Approximations and Their Detection Statistics,"IEEE
Transactions on Aerospace and Electronic Systems, vol. AES-12, pp.86-89, January 1876. This output to
the sequence controller 311 is shown as ty in the example of Fig. 5. Thus, the peak detector 318 reports the
first significant peak to the sequence controller 311 which, in turn, starts the loading at T/S stop, to thus
capture the channel profile in each of the M/PATH correlators.

The four M/PATH correlators (312, 313, 315, and 317 in Fig. 3) thus have the information available to
perform equations (14)-(17), below, whose results (A, B, C, and D} appear at the outputs of M/PATH
correlators 312, 313, 310, and 317 respectively.
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m

A=CT(£)UL‘ (t)=F[(1/4)a(0)a,?cos? (y4wer )~
{=0 1 1

(1/4)b(0)a;3cos (y+wer; )sin(yiwery )] (14)

m
B=Cq(t)VL’ (t):E([)(l/ﬁ)a(O)ai’cos(1+wcri)sin(1+wcri) -

(1/4)b(0)aizsin’(1+wcri)] (15)

m
c=Cy(£)UQ’ (t)IE[)(lfh)a(O)ai’cos(-r-anr Jsinlrocr )+

(1/4)b(0)a 2cos? (y+wer )} (16)

m
D=Cq(t)UQ’ (t)=L{ (1/4)a(0)a 2sin? (1+wer )+
1=0 i i
(1/4)b(0)aizcos(-1+wcf i)si.n('ri-wcfi)] (17)

Properly combining the quantities A through D, one obtains the following expressions for the in-phase
and quadrature outputs of the receiver at time t=0:

m
I=A+D=](1/4)a(0)a, 2 (cos?{yiwer )+sin? (y+uer })
{=0 1 1 1

m
.231/@3,(0):12 - In-phase data (18)
i

m
Q=C-B-J(1/4)b(0)a, 2(cos? {y+wcr, }+sin? {y4wer; 1)
1=0 * * *

m
--2(()1/£s)1:.(0)m12 = Quadrature-phase data. (19)
i-

Conventional adder 331 implements equation (18) to produce the recovered in-phase signal | and adder
335 implements equation (19) to produce the recovered quadrature signal @, which are replicas of the
transmitted | and Q channel data, respectively. The outputs | and Q are actually four sequential numbers
per chip interval. It is possible to integrate them and apply a simple threshold for a binary data stream, or to
simply integrate them to provide relative weighting, both at the original rate, or to preserve their discrete
sample form for use in somewhat more elaborate symbal or character correlation.

The outputs | and Q from the adders 331 and 335 may subsequently be applied to a data signal
recovery circuit such as the conventional baseband synchronous feedback equalizer described in the
aforementioned U.S. Patent Application No. 009,973,

It can be seen by following the general input equation (3) through to equations (18) and (19) that the
information contained in each of the paths of the multipath signal is coherently combined in the receiver,
thereby permitting an effective time diversity gain in the receiver. Furthermore, since the sin and cos terms
of equations (14) through (17) are cancelled algebraically and trigonometrically, the received signal phase

8
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offset v is cancelled.
In the preferred emhodiment four M/PATH correlators 312, 313, 315, and 317 operate on 128 samples,

or 32 chip intervals so as to accommodate as much as an 8 microseconds vartation in the path delays, any
one with respect to the others. This also imposes the requirement that the acquisition sequence be of no
less than 9 microseconds duration, preferably two to four times that long.

Referring to Fig. 5, a representative graph of the outputs Ci(t) and Cglt) is shown on one axis with time
on the other axis. The outputs of the synchronization correlators 303 and 305 have signed responses at
each clock pulse but none of the responses exceed the established threshold magnitude until a correlation
with the predetermined synchronization sequence arlt) is realized. As shown, a correlation is found at time
ta.

Referring now to Fig. 6, there is shown a block diagram of a QPSK transmitter which may be employed
as a fixed site transmitter in a TDMA system. A similar transmitter may be smployed as a transmitter in a
mobile or portable transceiver. At the fixed site, digital speach or data are input from a number of users and
formatted by formatter 601 into individual TDMA message plus synchronization streams. A predstermined
number of data bits from one user are interleaved with the synchronization sequence by means of software
control in a microprocessor. A representative formatter is further described in the aforementioned U.S,
Patent Application Number 009,973. Once the data are formatted, the output is coupled to the TDMA
controller 803.

The TDMA controller 803 performs the function of time-multiplexing each user message with the other
user messages to form a TDMA signal. The time-multiplexing function may, preferably, be performed in a
software-mediated process of a microprocessor but may also be realized via a time-controlled switch (as
described in the data sheet of a Motorola MC14416 Time Slot Assigner). The output of the TOMA controller
603 is a signal consisting of N user messages (as shown in Fig. 7) and is applied, as quadrature signals a(t)
and b(t), to conventional modulators 605 and 607. Modulator 605 modulates the output of signal oscillator
609 {cos{wt}) with the at) signal; modulator 607 modulates the 80* phase shifted (from phase shifter 611}
output of signal oscillator 609 with b(t) to create the b{t)sin{wt) quatrature signal. The two signals are then
summed in conventional summer 613 and applied to the transmitter amplification stage 615 for amplification
prior to transmission (as x{t}}.

During the period the synchronization sequence is being transmitted for each timeslot, the present
invention transmits the synchronization sequence only on one vector of the QPSK modulated signal. in the
preferred embodiment, this is accomplished by preventing the b(t)sin(wct) from being summed in summer
813. (The transmission of b(t)sin{w.t) and the suppression of a(ticos(wt) would work equally well and is the
choice of the system designer. Furthermore, it may be desirable to transmit the acquisition sequence at
some other angle relative to | and Q, for example, simultaneously and identically in both | and Q for a 45°
shift. Any angle ¢an be accommodated by operating on the multipath profile estimates Ci(t) and Cg(t) when
applying them to M/PATH correlators,

A conventional signal switch 617 open-circuits the coupling between the modulator 607 and the summer
613 upon a command from the TDMA controller 603 indicating a synchronization sequence period. This
signal switch 617 reconnects the modulator 807 and the summer 613 during periods of message data
transmission.

Since the turning off of b(t)sin(wct) during the acquisition synchronization sequence effectively reduces
the transmitter output power by 3dB during the synchronization saquence, the transmitter may optionally be
equipped with the capability of increasing the power gain of the transmitter amplification stage 615. The
amplification stage 615, which may be a conventional variable output power amplifier, is switched during the
synchronization sequence to an output power 3dB greater than the output power during the transmission of
the message data of each timeslot. In this way, the system gain is maintained during both synchronization
sequence and message data transmission.

In summary, then, the present invention describes a unique phase coherent method for transmitting and
receiving a QPSK radio signal that has been subject to a multipath fading radio channel. In order that the
equalization for reception of a radio signal subject to Rayleigh and multipath fading be adapted for the
channel, a training or synchronization signal is transmitted on only one of the vectors of a quadrature phase
modulated signal. The random amplitudes and phases of copies of the modulated signal added to the signal
by channel multipath are correlated and combined in accordance with a multipath profile signal developed
from the synchronization signal.
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Clalms

1.

A quadrature phase shift keying (QPSK) time division multiple access (TDMA) radio system conveying
a data signal comprising a synchronizing portion and a message portion in a timeslot over a radio
channel which introduces multipath distortion and phase variation in the data signal, the system
characterized by:

means (101) for transmitting a synchronizing portion consisting of a plurality of data bits in a
predetermined pattern in only one vector of the data signal;

means (103) for receiving the data signal subjected to multipath distortion and phase variation; and

means (115, 234) responsive to said one vector synchronizing portion of a received data signal, for
compensating the multipath distortion and phase variation of the message portion of said received data

signal for the duration of one TDMA timeslot.

A quadrature phase shift keying (QPSK) time division multiple access (TDMA) radio system in
accordance with claim 1 whersin said means for transmitting is further characterized by means (615)
for amplifying the data signal to an output level and increasing said output level during the synchroniz-
ing portion of the data signal.

A time division multiple access (TDMA) radio system in accordance with any one of the preceding
claims wherein said means for compensating the multipath distortion and phase variation is further
characterized by means (234) for coherently combining at least two rays of multipath signal.

A time division multiple access (TDMA) radio system in accordance with any one of the preceding
claim wherein said means for compensating the multipath distortion and phase variation is further
characterized by means for algebraically and trigonometrically cancelling the variation.

A method of conveying, by way of a quadrature phase shift keying (QPSK) time division multiple
access (TDMA) radio system, a data signal comprising a synchronizing portion and a message portion
in a timeslot over a radio channel which introduces multipath distortion and phase variation in the data
signal, characterized by the steps of:

transmitting (101) a synchronizing portion consisting of a plurality of data bits in a predstermined
pattern in only one vector of the data signal;

receiving (103) the data signal subjected to multipath distortion and phase variation; and

compensating (115, 234) in response to said one vector synchronizing portion of a received data
signal, the multipath distortion and phase variation of the message portion of said received data signal
for the duration of one TDMA timesiot.

A method in accordance with the method of claim 5 wherein said transmitting step is further
characterized by the step of amplifying the data signal to an output level and increasing said output
level during the synchronizing portion of the data signal.

A method in accordance with the method of claims 5 and 6 wherein said step of compensating the
multipath distortion and phase variation is further characterized by the step of coherently combining at
least two rays of multipath signal.

A method in accordance with the method of any one of claims § 10 7 wherein said step of
compensating the multipath distortion and phase variation is further characterized by the step of
algebraically and trigonometrically cancelling the phase variation.

A transmitter (101) for a time division multiple access (TDMA) radio system for transmitting a
quadrature phase shift keying (QPSK) modulated data signal comprising a synchronizing portion and a
message portion in at least one TDMA timeslot over a radio channel which introduces multipath
distortion and phase variation in the data signal o a receiver, the transmitter characterized by:

means for transmitting & synchronizing portion consisting of a plurality of data bits in a predeter-
mined pattern in only one vector of the data signal.

10. A transmitter in accordance with claim 9 further characterized by means (615) for amplifying the data

signal to an output level and increasing said output level during the synchronizing portion of the data
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signal.

11. A quadrature phase shift keying (QPSK) time division multiple access (TDMA} radio receiver (103) for

12,

receiving a data signal comprising a synchronizing portion and a message portion in a timesiot over a
radio channel which introduces multipath distortion and phase variation in the data signal, the receiver
characterized by:

means for receiving the data signal subjected to multipath distortion and phase variation;

means for recovering from said received data signal a synchronizing portion consisting of a
plurality of data bits in a predetarmined pattern in only one vector of the data signal; and

means (115, 234) responsive to said recovered one vector synchronizing portion, for compensating
the multipath distortion and phase variation of the message portion of said received data signal for the
duration of a TDMA timeslot.

A receiver according to claim 11 adapted to create a radio channel multipath model from the received
synchronization portion and adapted to use that model during only one TDMA timeslot period.

Patentansprilche

1.

Quadraturphasenumtast-(QPSK)- Zeitmultiplex-Mehrtachzugriff-(TDMA)-Funksystem, das ein Datensignal
mit einem Synchronisationsteil und einem Nachrichtentsil in einem Zsitkanal Uber einen Funkkanal
Ubermittelt, der eine Mehrwegverzerrung und eine Phasenverdnderung in das Datensignal einbringt.
Das System ist gekennzeichnat durch:

eine Einrichtung (101) zum Ubertragen eines Synchronisationsteils, bestehend aus einer Mehrzahl
von Datenbits in einem vorbestimmten Muster, in nur einem Vektor des Datensignals;

eine Einrichtung (103), um das der Mehrwegverzerrung und Phasenverénderung unterworfene
Datensignal zu empfangen; und

Einrichtungen (115, 234), ansprechend auf den Einvektor-Synchronisationsteil eines empfangenen
Datensignals, um flir die Dauer eines TDMA-Zeitkanals die Mehrwegverzerrung und Phasenverinde-
rung des Nachrichtentsils des empfangenen Datensignals auszugleichen.

Quadraturphasenumtast-{QPSK)-Zeitmultiplex-Mehrfachzugriff-(TDMA)-Funksystem nach Anspruch 1,
worin die Einrichtung zur Ubertragung weiter gekennzeichnet ist durch eine Einrichtung (615), um das
Datensignal auf einen Ausgangspegel zu verstiirken und diesen Ausgangspegel wihrend des Synchro-
nisationsteils des Datensignals zu erh&hen.

Zeitmultiplex-Mehrfachzugriff-(TDMA})-Funksystem nach einem der vorangehenden Ansprliche, worin
die Einrichtung zum Ausgleichen der Mehrwegverzerrung und Phasenverinderung weiter gekennzeich-
net ist durch eine Einrichtung (234), um mindesten zwei Mehrwegsignalstrahlen kohdrent zu kombinie-
ren.

Zeitmultiplex-Mehrfachzugriff-(TDMA)-Funksystem nach einem der vorangshenden Ansprliche, worin
die Einrichtung zum Ausgieichen der Mehrwegverzerrung und Phasenverédnderung weiter gekennzeich-
net ist durch eine Einrichtung, um die Verénderung algebraisch und trigonometrisch aufzuheben.

Verfahren, um mit Hilfe sines Quadraturphasenumtast-(QPSK)-Zeitmultiplex-Mehrfachzugriff-(TDMA)-
Funksystems ein Datensignal mit einem Synchronisationsteil und einem Nachrichtenteil in einem
Zeitkanal liber einen Funkkanal zu Ubermittaln, der sine Mehrwegverzerrung und eine Phasenverinde-
rung in das Datensignal einbringt, gekennzeichnet durch die Schritte:

Senden (101) eines Synchronisationsteil, bestehend aus einer Mehrzahl von Datenbits in einem
vorbestimmten Muster, in nur einem Vektor des Datensignals;

Empfangen (103) des der Mehrwegverzerrung und Phasenverinderung unterworfenen Datensi-
gnals; und

Ausgleichen (115, 234), als Reaktion auf den Einvektor-Synchronisationsteileines empfangenen
Datensignals, der Mehrwegverzerrung und Phasenveriinderung des Nachrichtentsils des empfangenen
Datensignals flr die Dauer eines TDMA-Zeitkanals.

Verfahren gemif dem Verfahren nach Anspruch 5, worin der Sendeschritt weiter gekennzeichnet ist
durch den Schritt der Verstirkung des Datensignals auf sinen Ausgangspegel und Erhdhung des
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Ausgangspegels wihrend des Synchronisationsteils des Datensignals.

Verfahren gemaB dem Verfahren nach Anspruch 5 und 6, worin der Schritt des Ausgleichens der
Mehrwegverzerrung und Phasenveriinderung weiter gekennzeichnet ist durch den Schritt des koh&ren-
ten Kombinierens von mindestens zwei Mehrwegsignalstrahlen.

Verfahren gemi8 dem Verfahren nach einem der Ansprliche 5 bis 7, worin der Schritt des Ausglei-
chens der Mehrwegverzerrung und Phasenverdnderung weiter gekennzeichnet ist durch den Schritt der
algebraischen und trigonometrischen Aufhebung der Phasenverdnderung.

Sender (i01) flir ein Zeitmultiplex-Mehrfachzugriff-(TDMA)-Funksystem zum Ubertragen eines
Quadraturphasenumtast-(QPSK)-modulierten Datensignals, das einen Synchronisationsteil und sinen
Nachrichtenteil umfaBt, in mindestens einem TDMA-Zsitkanal Uber einen Funkkanal, der eine Mehrweg-
verzerrung und sine Phasenveriinderung in das Datensignal zu einem Empfinger einbringt. Der Sender
ist gekennzeichnet durch:

eine Einrichtung zum Ubertragen eines Synchronisationsteils, bestehend aus einer Mehrzahl von
Datenbits in einem vorbestimmten Muster, in nur einem Vektor des Datensignals;

Sender nach Anspruch 9, weiter gekennzeichnet durch eine Einrichtung (815), um das Datensignal auf
einen Ausgangspege! zu verstirken und diesen Ausgangspegel wihrend des Synchronisationsteils des
Datensignais zu erhthen.

Quadraturphasenumtast-(QPSK)-Zeitmultiplex-Mehrfachzugriff-(T DMA)-Funkempfinger (103), um ein
Datensignal mit einem Synchronisationsteil und einem Nachrichtenteil in einem Zeitkanal dber einen
Funkkanal zu empfangen, der eine Mshrwegverzerrung und eine Phasenverinderung in das Datensi-
gnal einbringt. Der Empfinger ist gekennzeichnet durch:

eine Einrichtung, um das der Mehrwegverzerrung und Phasenverdnderung unterworfene Datensi-
gnal zu empfangen;

sine Einrichtung, um aus dem empfangenen Datensignal einen Synchronisationsteil wisderzugewin-
nen, der aus einer Mehrzahl von Datenbits in einem vorbestimmten Muster besteht, in nur éinem Vektor
des Datensignals; und

Einrichtungen (115, 234), ansprechend auf den wiedergewonnenen Einvektor-Synchronisationsteil,
um fUr die Dauer eines TDMA-Zeitkanals die Mehrwegverzerrung und Phasenverénderung des Nach-
richtentsils des empfangenen Datensignals auszugleichen.

Emptfanger nach Anspruch 11, eingerichtet, um ein Funkkanal-Mehrwegmode!! aus dem empfangenen
Synchronisationsteil zu erzeugen, und eingerichtet, um dieses Modsll wihrend nur einer TDMA-
Zeitkanalperiode zu verwenden.

Revendications

1.

Systéme radio & accds multiple par répartition temporelle (AMRT) & modulation par déplacement de
phase quadrivalente (MDPQ) convoyant un signal de données comprenant une partie de synchronisa-
tion et une partie de message dans une fenétre temporelle sur un canal radio qui introduit une
distorsion multivoie st une variation de phase dans le signal de données, le systdme étant caractérisé
par :

un moyen (101) pour émettre une partie de synchronisation constitude par une pluralité de bits de
données selon un motif prédéterminé dans seulement un vecteur du signal de données ;

un moyen (103) pour recevoir le signal de données soumis & une distorsion multivoie et 2 une
variation de phase ; et

un moyen (115, 234) sensible & ladite partie de synchronisation d'un seul vecteur d'un signal de
donnédes regu pour compenser Ia distorsion multivoie et la variation de phase de la partie de message
dudit signal de données regu pendant la durée d'une fenétre temporeile AMRT.

Systéme radio 4 accés multiple par répartition temporelle (AMRT) 4 modulation par déplacement de
phase quadrivalente (MDPQ) selon la revendication 1, dans lequel ledit moyen d'émission est en outre
caractérisé par un moyen (615) pour amplifier le signal de données jusqu'a un niveau de sortie et pour
augmenter ledit niveau de sortie pendant la partie de synchronisation du signal de données.
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Systéme radio & modulation par déplacement de phase quadrivalente (MDPQ) selon I'une quelconque
des revendications précédentes, dans lequel ledit moyen de compensation de la distorsion multivoie et
de la variation de phase est en outre caractérisé par un moyen (234) pour combiner de fagon
cohérente au moins deux rayonnements de signal mulivoie.

Systéme radio & modulation par déplacement de phase quadrivalents (MDPQ) selon I'une quelconque
des revendications précédentes, dans lequel ledit moyen de compensation de la distorsion multivoie et
de la variation de phase est en outre caractérisé par un moyen pour annuler algébriquement et
trigonométriquement la variation.

Procédé de convoyage, au moyen d'un systéme radio & accés multiple par répartition temporelle
(AMRT) & modulation par déplacement de phase quadrivalente (MDPQ), d'un signal de données
comprenant une partie de synchronisation et une partie de message dans une fenétre temporelle sur
un canal radio qui introduit une distorsion multivoie et une variation de phase dans le signal de
données, caractérisé par les étapes de :

émission (101) d'une partie de synchronisation constituée par une pluralité de bits de données
selon un motif prédéterminé dans seulement un vecteur du signal de données ;

réception (103) du signal de données soumis 3 une distorsion multivoie et & une variation de phase
; et

compensation (115, 234) en réponse 2 ladite partie de synchronisation & un seul vecteur d'un
signal de données regu de la distorsion multivoie et de la variation de phase de la partie de message
dudit signal de données regu pendant la durée d'une fenétre temporelle AMRT.

Procédé selon la revendication 5, dans lequsl ladite étape d'émission est en outre caractérisée par
I'étape d'amplification de signal de données jusqu'a un niveau de sortie et d'augmentation dudit niveau
de sortie pendant la partie de synchronisation du signal de données.

Procédé selon les revendications 5 et 8, dans lequel ladite étape de compensation de la distorsion
multivoie et de la variation de phase est en outre caractérisée par I'étape de combinaison de fagon
cohérente d'au moins deux rayonnements du signal multivoie.

Procédsé selon I'une quelconque des revendications 5 & 7, dans lequel ladite étape de compensation de
la distorsion multivoie et de la variation de phase est en outre caractérisée par I'étape d'annulation
algébrique et trigonométrique de la variation de phase.

Emetteur (101) pour un systéme radio & accds multiple par répartition temporelle (AMRT) pour émetire
un signal de données modulé & modulation par déplacement de phase quadrivalente (MDPQ)
comprenant une partie de synchronisation et une partie de message dans au moins unse fenétre
temporelle AMRT sur un canal radio qui introduit une distorsion multivoie et une variation de phase
dans le signal de données appliqué sur un récepteur, I'émetteur étant caractérisé par :

un moyen pour émettre une partie de synchronisation constituée par une pluralité de bits de
données selon un motif prédéterminé, dans seulement un vecteur du signal de données.

Emetteur selon la revendication 9, caractérisé en outre par un moyen (615) pour amplifier le signal de
données jusqu'3 un niveau de sortie et pour augmenter ledit niveau de sortie pendant la partie de
synchronisation du signal de données.

Récepteur radio (103) 4 accds multiple par répartition temporelle {AMRT) & modulation par déplace-
ment de phase quadrivalents (MDPQ) pour racevoir un signal de données comprenant une partie de
synchronisation et une partie de message dans une fenétre temporells sur un canal radio qui introduit
une distorsion multivoie et une variation de phase dans le signal de données, le récepteur étant
caractérisé par :

un moyen pour recevoir le signal de données soumis & une distorsion multivoie et & une variation
de phase ;

un moyen pour restaurar A partir dudit signal de données regu une partie de synchronisation
constituée par une pluralité de bits de données selon un motif prédéterminé dans seulement un vecteur
du signal de données ; et

un moyen (115, 234) sensible & ladite partie de synchronisation & un vecteur restauré pour
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compenser la distorsion multivoie et la variation de phase de la partie de message dudit signal de
données regu pendant la durée d'une fenédtre temporelle AMRT.

12. Récepteur selon la revendication 11, congu pour créer un modéle multivoie de canal radio & partir de la
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partie de synchronisation regue et congu pour utiliser ce modéle pendant seulement une période de

fenétre temporelle AMRT.
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