
DOT PRODUCT CIRCUIT FOR MULTIPATH RECEIVERS                  BACKGROUND OF
THE INVENTION           1. Field of the Invention           The present
invention relates to spread spectrum commu-        nication systems. More
particularly, the present invention        relates to a method and
apparatus for use in demodulating a        communication signal by
determining a magnitude for that        portion of a data signal that is in
phase with a reference        signal for the communication system. The
invention further        relates to generating a dot product between a
pilot signal and        a data signal contained within the communication
signal.          2. Description of the Related Art          In
communication systems in which digital signals are        transmitted,
various demodulation schemes exist for the        extraction of data from
received signals. In particular, sys-        tems which use quadrature
phase shift keyed (QPSK) modu-        lation techniques do not readily
permit, upon demodulation        of the received signal the extraction of
information neces-        sary to accomplish signal weighting for multipath
signal        combining.          It is, therefore, an object of the
present invention to        provide for, in the demodulation of a modulated
signal, a        signal weighting process with respect to a received refer-
ence.                  SUMMARY OF THE INVENTION          The present
invention is a method and apparatus for, in a       communication system in
which digital data is digitally       modulated and transmitted
demodulating transmitted sig-       nals for extracting transmitted digital
data More specifi-       cally, the present invention is employed in a
digital com-       munication system in which a data signal along with a
pilot       signal are both bi-phase shift keyed modulated and quadra-
ture phase shift keyed (QPSK) spread upon a carrier. At the       receiver,
data is extracted from the received signal by       generating a dot
product between pilot and data signal phase       vectors. The magnitude of
the component of the data signal       phase vector that is in phase with
the pilot signal phase         vector, a phase reference for the data, is
determined by a dot product of these signal vectors or phase projections.
In particular, the dot product of these signal vectors is the product of
the multiplication of a pilot in-phase component (P,) and a data in-phase
component (D,) summed with the product of a multiplication of the pilot
quadrature phase component (PQ) and a data quadrature phase component (DQ).
The present invention, in an exemplary implementation, is embodied in a
communication system receiver which receives a pilot signal and a data
signal each defining respective phase vectors. Each received signal vector
is represented by its I and Q component. The circuit of the present
invention determines from the signal vector com- ponents the magnitude of
the data signal vector in phase with the pilot signal vector.    The
determining circuit comprises a multiplier circuit for receiving a data
signal I component sample and a pilot signal I component sample,
multiplying the received data signal I component sample by the pilot signal
I component sample, and providing a first product sample. The multiplier
circuit is also for receiving a data signal Q component sample and a pilot
signal Q component sample, multiplying the received data signal Q component
sample by the pilot signal Q component sample, and providing a second
product sample. The determining circuit also comprises a summing circuit
for receiving the first and second product samples, summing the received
first and second product samples, and providing a resultant sample of a
value representative of the magnitude of the data signal vector that is in
phase with the pilot signal vector.   The determining circuit may also
include a storage circuit and a selection circuit The storage circuit is
for storing the data signal I component sample, the data signal Q compo-
nent sample, the pilot signal I component sample and the pilot signal Q
component sample. The selection circuit is for receiving the stored data
signal I and Q component samples, the pilot signal I and Q component
samples, and a select signal. The selection circuit is responsive to a
first state of the select signal for providing an output of the data signal
I                                 -3- and pilot signal I component samples
to the multiplier circuit, and responsive to a second state of the select
signal for providing an output of the data signal Q and pilot signal Q
component samples to the multiplier circuit.       BRIEF DESCRIPTION OF THE
DRAWINGS   The features, objects, and ad antages of the present invention
will become more apparent from the detailed description set forth below
when taken in conjunction with the drawings in which like reference
characters identify correspondingly thoughout and wherein:   FIG. I is an
exemplary block diagram of a receiver implemesting the dot product
processing method of the present invention;   FIG. 2 is an exemplary vector
representation of received pilot and data signals;   FIG. 3 is an exemplary
block diagram of a digital receiver and associated circuitry for extracting
pilot and information data from the received I and Q signal components;
FIG. 4 is an exemplary diagram of the QPSK signal space;   FIG. 5 is a
functional block diagram of a dot product circuits useful in the receiver
of FIG. 3; and   FIG. 6 is a block diagram illustrating an exemplary
implemention of the dot product circuits of FIG. 3.           DETAILED
DESCRIPTION OF THE            PREFERRED EMBODIMENTS   In U.S. PaL No.
5,103,459 entitled "SYSTEM  AND METHOD FOR FORMING SIGNAL WAVEFORMS IN A
CDMA CELLULAR TELEPHONE SYSTEM", assigned to the Assignee bereof and which
is incorporated herein by reference, a modulation scheme is disclosed for
the trans- mission of digitally modulated signals. This modulation scheme
uses, in the cell-to-mobile link, a pilot signal that is transmitted along
with data signals tier use as a phase reference by a receiving demodulator.
The use of a pilot signal for this pwpose is well known and is further
disclosed in U.S. Pa. No. 4,901,307 entitled "SPREAD SPECRUM MULTIPLE
ACCESS COMMUNICATION SYSTEM USING SATELITE OR TERRESTIAL REPEATERS"
-4- also assigned to the Assignee hereof and which is incorpo- rated herein
by reference.    A receiver is disclosed in the above mentioned U.S. Pat.
No. 5,103,459 for demodulating transmitted QPSK spread pilot and data
signals. This receiver has multipath reception capability as further
disclosed in U.S. Pat No. 5,109,390 entitled "DIVERSITY RECEIVER IN A CDMA
CELLU- LAR TELEPHONE SYSTEM", also assigned to the Assignee hereof and
which is incorporated herein by refer- ence.   FIG. I illustrates, in block
diagram form a basic imple- mentation of a receiver for receiving and
demodulating a base station transmitted waveform as disclosed in U.S. Pat.
No. 5,103,459. In FIG. 1, the base station transmitted signal is received
by an antenna 10 and provided to a diversity RAKE receiver which comprises
analog receiver 12 and digital receiver 14. The signal as received by
antenna 10 and provided to analog receiver 12 may comprise multipath
propagations of the same base station transmitted signal, comprising pilot
and data signals intended for individual or multiple remose  receiver.
Analog receiver 12, which is configured in the exemplary embodiment as a
QPSK modem, frequency downconverts, and digitizes the received signal into
composite I and Q components. The composite I and Q components are provided
to digital receiver 14 for demodulation. The demodulated data is then
provided to digital circuitry 16 for combining, deinterleaving, and
decoding. Controller 12 uses certain data for setting, in digital receiver
14, certain demodulation parameters as discussed below in further detail.
Each I and Q component output from analog receiver 12 may comprise
multipath propagations of a same pilot and corresponding data signal. In
digital receiver 14, certain multipath propagations of the transmitted
signal, as selected by a searcher receiver 14a in combination with a
controller 18, are each processed by a different one of multiple data
receivers or demodulators 14b-14d, which are also referred to as "fingers".
Although only three data demodulating fingers (demodulators 14b-14d) are
illustrated in this example, it should be understood that more or less
fingers may be used. From the composite I and Q components each
-5- finger exatracts, by despreading, for a selected path the I and Q
components for each of the pilot signal and the data signaL   The I and Q
compnents of the pilot signal for each finger form  a pilot signal vector
(P[err]. P[err]). Similarly, I and Q components of the data signal for each
finger form a data signal vector (D[err], D[err]). From these I and Q
components for each of the pilot signal and the data signal for the path,
the magnitude of the data signal vector component in phase with the pilot
signal vector is determined.   FIG. 2 illustrates an exemplary vector
representation of a pilot signal and a data signal. In FIG. 2, the despread
I and Q components of the pilot signal and data signal for one finger of
the diversity RAKE receiver respectively define pilot signal vector 20 and
data signal vector 22 in an IQ costellation. The pilot signal is typically
transmitted at a greater signal strength than the data signals, and as such
the magnitude of pilot signal vector 20 is greater than a received data
signal vector 22. Furthermore, since the pilot signal is much stronger than
the data signal it can be used as an accurate phase reference for signal
processing.   In the transmission process, the pilot and data signals being
transmitted travel the same path to the receiver. In the absence of noise,
the pilot and data signal vectors coincide and are at a phase angle
relative to each other of one of [err]/4, -[err]/4, 3[err]/4 or -3[err]/4.
However, due to channel noise, the received signal may be offet from the
transmitted phase angle. In the exemplary embodiment of the present inven-
tion,  the pilot signal is further low pass filtered to remove noise and
data, while the data signal remain unfiltered. Thus, when noise exists, a
phase difference of 8 will result between the pilot and data signal vectors
with the pilot scrving as an accurate phase reference. It should be noted
that for the signal vectors as illustrated in FIG. 2, a phase difference is
shown to exist between the pilot and data vectors.   The formulation of the
dot product, also known as the scalar product of pilot signal vector 20 and
data signal vector 22 is particularly advantageous in extracting the data
from the received signal in a multiple demodulator or multi-finger
diversity receiver. In this type of receiver the several fingers are
assigned to demodulate signals from several different paths or sources.
Within each finger, the dot product is used
-6 - to find the magnitude of the component of the data signal vector that
is in phase with the pilot signal vector by projecting the data vector onto
the pilot vector. In forming a dot product between the pilot and data
vectors, orthogonal noise on the data is removed.   In the multi-finger
diversity receiver, the dot product for data produced by each finger also
serves to weight the data for efficient combining. Thus, the dot product
serves to scale the data by the magnitude of the pilot signal before com-
bining. If none of the input signals are orthogonal to the data, and the
total input power is kept at a set point, the magnitude of the pilot signal
is proportional to the square root of the finger's signal-to-noise ratio
(SNR). Thus, optimal combin- ing is achieved described in the text "Maximal
Ratio Combining" Microwave Mobile Communication, John Wiley & So.s, New
York, 1974, pages 313-319.   The dot product between a pilot signal vector
and the data signal vector D in the IQ coordinate space can be represented
by the equation:        [err]  where [err] is the angle between the P and D
vectors.   As illustrated in FIG. 2, the dot product between vectors 20 and
22, as computed according to Equation (1) produces the vector component 24
which is superimposed upon vector 20.    It should be understood that the
relationship of Equation (1) may be expressed in vector component form as:
[err]     where P[err] and P[err] are, respectively, the I and Q components
of the pilot vector P; and D[err] and D[err] are, respectively, the I and Q
components of the data vector D.   By considering the dot product as
represented by Equa- tion (1) in the processing of the pilot and data I and
Q components, both projection and scaling are achieved. By considering the
relationship of Equation (2) the dot product is readily implemented in
digital applications. A single multiply and accumulate unit can perform
this operation in three steps so as to reduce hardware complexity.
-7-    FIG. 3 illustrates in further detail portions of digital  receiver
14 and digital circuitry 16 of FIG. 1. In FIG. 3, the  composite I and Q
signal samples from analog receiver 12  are provided to each of the data
demodulating fingers  14b-14d. For purposes of discussion only, details on
one of  the data demodulating fingers, finger 14b, is provided with  the
other fingers being of identical construction and func-  tion. Each of
fingers 14b-14c are assigned to demodulate the  transmitted signal
traveling upon a different path to the user  receiver and, thus, use
slightly different timing, of at least  one PN chip apart, in the
demodulation process.    The composite I and Q component  signal samples,
each  being a multiple-bit value, are input to QPSK despreader 30.  QPSK
despreader 30 also receives, from pilot PN sequence  generator 32 the pilot
PN sequences PN, and PN[err], Pilot PN  sequence generator 32 generates the
PN sequences PN, and  PNQ identical to those used in the transmitter
according to  sequence timing and state input (not shown) as provided  from
controller 18 (FIG. 1). Controller 18 is typically  implemented as a
microprocessor and includes the appro-  priate memory and program
instructions.  In the exemplary embodiment, I and Q component signal
samples are provided to QPSK depreader 30 at a sample  rate which
corresponds to eight times the chip rate of the PN  sequences. However, it
should be understood that the  samples may be provided at any other rate at
or greater than  the PN sequence chip rate. In the exemplary embodiment,
the PN chip rate is 1.2288 Mcps which is much greater than  the data symbol
rate of 19.2 ksp.  QPSK despreader 30 strips off the PN spreading on the
composite I and Q component signal samples so as to extract  therefrom
composite I and Q component samples. In order  to understand the operation
of despreader 30, it is necessary  to understand the effect that the
exemplary transmission  modulation scheme, BPSK modulation and QPSK spread-
ing, has upon the pilot and data signals. FIG. 4 illustrates the
modulation constellation for I and Q spread signal. A BPSK  signal is
normally transmitted using no phase shift or a phase  shift of 180[err] in
the carrier to represent the two data states, i.e., "0" or a "1". In
providing two versions of the same data         bit for QPSK spreading in
the BPSK modulation scheme where there is no I or Q spreading signal input,
the I/Q output signal has the signal space coordinates (0,0) or (1,1). With
the contribution from the I and Q PN sequences in QPSK spreading. the
resultant signal has one of four phases as illustrated in FIG. 4. Table I
below illustrates the corre- spondence between the data occurring at the
coordinates (0,0) or (1,1) and the counter-clockwise phase rotation
occurring as a result of the I and Q spreading.
TABLE I        I PN       Q PN         ANGLE OF ROTATION        0
0                    0[err]        O           1                 270[err]
1           1    It should be further understood  that in the exemplary
modulation scheme FIR filtering of the signal is employed in the
transmision modulation scheme The I and Q PN spread pilot and data values
of "0" and "1" are respectively con- verted to values of "+I" and "-1" for
FIR filtering. After filtering, the samples are converted from digital to
analog form for carrier modulation.   Upon receiving and demodulation  the
modulated carrier, the composite I and Q signal samples are provided to
despader 30. Although the PN chips from  pilot PN sequence generator 32
provided to despreader 30 are "O" and "1" values, these values are
interpreted by despreader 30 as +I" and "-1" values. As a result of this
interpretation, the sign of the I and Q component signal samples must be
changed according to the PN values as illustrated in Table II. In order to
approriately change the sign of the I and Q values, the phase angle of the
QPSK waveform is consid- ered. Table II below illustrates the corresponding
clockwise (CW) or counter-clockwise (CCW) rotation of the received signal
coordinate caused by the PN bits As a result, the I and Q outputs with
respect to the I and Q inputs are decided according to Table II.
-9-                         TABLE II I PN  Q PN    ANGLE OF ROTATION
[err]        [err] 0    0       0[err]                       [err] [err] 0
1       90[err] CCW                 _[err]       [err] I    0       90[err]
CW                  Q[err]       [err] 1           180[err]
-[err]       -[err]     As an example, one may consider the all-zero ("0")
sequence for the input data The unspread data has the signal coordinates of
(0,0) as shown in FIG. 4. Using the relation- ships of Table I the data is
spread into one of the four IQ vectors shown in FIG. 4. In applying the
rotation as shown in Table II in despreading the data sequence, each IQ
signal vector is rotated back to the first quadrant corresponding to a
zero, i.e. coordinate (0,0).   The I and Q component samples are
respectively output from QPSK despreader 30 to digital filters 34 and 36
where the signals are digitally filtered. Filters  34 and 36 are typically
configured as a simple first order filter with a feedback coefficient of
(N-I)/N, where in the exemplary embodiment N=64. The filtered I and Q
signal samples output from filters 34 and 36 are samples of the I and Q
components of the pilot signal and are referred to as Pilot I (P[err]) and
Pilot Q (P[err] ) samples. The Pilot I and Pilot Q samples are provided to
dot product circuit 38 which is part of digital circuitry 16 (FIG. 1).   It
should be understood that in the modulation scheme considered for this
example, the pilot signal transmitted uses the all-zero Walsh code as the
pilot signal which is PN spread by the I and Q PN spreading sequences. In
using the all-zero. Walsh code, the PN spread pilot signal is the same as
the I and Q PN spreading sequences themselves. There- fore, by removing the
PN spreading on the composite I and Q component signal, and filtering, the
all-zero pilot is recovered. It should be understood that any other one of
the Walsh codes may be used as the pilot signal. It should be further
understood that for use as a pilot signal, a predeter- mined input may be
covered by a Walsh sequence for transmission. Upon reception, the Walsh
covering is removed from the despread signal. in a manner as described
below with respect to data recovery, so as to recover the original input.
-10-    In order to recover the data. I and Q components are also
respectively output from QPSK despreader 30 to digital mixers 40 and 42
which may be configured as modulo-two adders or exclusive-or gates. Digital
mixers 40 and 42 also receive from Walsh sequece generator 44 a Walsh
sequence. This Walsh sequence is identical to the Walsh sequence assigned
to this channel in the transmitter and is selected in accordance with a
sequence assignment input (not shown) from controller 18. In the exemplary
embodi- ment, the Walsh sequence  chip rate is also 12288 Mcps.. Digital
mixers 40 and 42 perform a modulo-2 addition between the Walsh chip
sequence and the respectively input I and Q component samples. The despread
and now uncov- ered I and Q component samples are output from digital
mixers 40 and 42, where they are respectively provided to accumulators 46
and 48. Accumulators 46 and 48 respec- tively accumulate the I and Q
component samples over a symbol time, which in the exemplary embodiment
corre- sponds to 64 samples or [err] second. The output from accumulators
46 and 48 are at the symbol rte of 19200 symbols/second and are the
respective symbol data I and Q, referred to herein as Data I (D,) and Data
Q (D[err]) samples. The Data I and Data Q samples are also provided to dot
product circuit 38. Accumulators 46 and 48 are then cleared or reset
subsequent to the data output to accumulate a next set of sample   Each of
the other demodulating fingers 14c-14d also provide the respective path
Pilot I and Q. and Data I and Q samples to a respective dot product circuit
50 and 52. Dot product circuits 38, 50 and 52 each perform a dot product
operation on the received Pilot I and Q, and Data I and Q samples so as to
provide a corresponding scalar value indicative of the magnitude of the
data signal over a symbol period which is in phase with the pilot for that
path. The symbol sample data is output from each of dot poduct circuits
38,50 and 52 to symbol combiner 54. The output from each of dot product
circuits 38, 50 and 52 may have the lower bits of the symbol sample value
truncated by a bit truncator (not shown) to reduce bit handling
requirements. Combiner 54ms the input symbol samples and provides an output
symbol sample. The output from combiner 54 may          also have the lower
bits of the symbol sample value trun- cated by a bit truncator (not shown)
to reduce bit hardling   requirements.   The Output from combiner 54 is
provided to digital mixer 56. Also provided as an input to digital mixer is
a user PN sequence when required, e.g. when a user PN was used to scramble
the transmitted symbol stream. User PIN generator 58, under the control of
controller 18 (input not shown), generates the same user PN secquence used
to scramble the transmitted symbol stream. Digital mixer 56 may be simply
configured as a set of logical exclusive-or gates as discussed previously.
Typically, the user PN sequence is transferred or clocked at the symbol
rate.   The user PN descrambled symbol samples are provided to
deinterleaver 60 where a frame of interleaved symbols is deinterleaved.The
deinterleaved symbols are then provided to decoder 62 for decoding the
symbols which represents forward error correction (FEC) coded data.
Typically, decoder 62 is configured as a Viterbi decoder.   FIG. 5
illustrates, in functional block diagram form, the elements comprising dot
product circuits 38, 50 and 52 of FIG. 3. In FIG. 5, a Data I sample and
corresponding Pilot I sample are provided as inputs to digital multiplier
70, and a Data Q sample and corresponding Pilot Q sample are provided as
inputs to digital multiplier 72. The product of the multiplication
occurring in multiplier 70 between the Data I sample and the Piot I sample
are then provided as an input to digital adder 74. Similarly, the product
of the multiplica- tion in multiplier 72 between the Data Q sample and the
Pilot Q sample are then provided as another input to digital adder 74.
Adder 74 sums the two input values to provide an output symbol sample for
combining with demodulated symbols from other paths. The value of this
symbol sample represents the value of the data vector in phase with the
pilot vector, scaled by the pilot signal strength.   FIG. 6 provides an
exemplary implementation of the dot product circuit 38 of FIG. 3, with dot
product ciruit 50 and 52 being of identical construction The circuit of
FIG. 6 implements a digital circuit using the relationships expressed in
equations (1) and (2) set forth above. In FIG. 6, Data I and Data Q
samples, and the corresponding Pilot I and Pilot Q samples are respectively
provided to latcbes                                -12- 80, 82, 84 and 86
where they are stored in response to a latch enable signal provided at the
symbol rate. Since each of these samples are multiple-bit samples, each of
latches 80-86 are constructed as a series of latch elements (not shown)
each for storing a different bit of the sample.   The I, Q values stored in
each of latches 80 and 82 are respectively provided to an I and a Q input
of a two-to-one (2:1) multi-bit input multiplexer 88. Similarly, the output
of each of latches 84 and 86 are provided respectively to an I and a Q
input of a two-to-one (2:1) multi-bit input multi- plexer 90. Also provided
to multiplexers 88 and 90, is an I/Q select signal. Multiplexers 88 and 90
responds to the I/Q select signal by providing during half of the symbol
period an output from one of the inputs, e.g., the I input, and during the
other half of the symbol period an output from the other one of the inputs,
e.g., the Q input   The selected data and pilot samples output from multi-
plexers 88 and 90, are provided to a serial multiply-and accumulate element
92 which comprises digital multiplier 94 and accumulator 96. Element 92
during each symbol period sequentially multiplies in multiplier 94 the Data
I sample with the Pilot I sample, multiplies in multiplier 94 the Data Q
sample with the Pilot Q   le, and sums the products of these
multiplications in  accumulator 96 to provide a symbol sample value
representative of the mag- nitude of the symbol in phase with the pilot.
The value generated in element 92 is cleared every symbol period in
response to a symbol clock input.   It shold be understood that various
other digital imple- mentations of the dot product circuit may be devised.
For example, rather than multiplexing the values that are to be multiplied
together, Data I with Pilot I and Data Q with Pilot Q, in a single
multiplier, separate multiplies may be used.   The previous description of
the preferred embodiments is provided to enable any person skilled in the
art to make or use the present invention. The various modifications to
these embodiments will be readily apparent to those skilled in the art. and
the generic principles defined herein may be applied to other emnbodiments
without the use of the inventive faculty. Thus, the present invention is
not intended to be limited to the embodiments shown berein but is to be
accorded the widest scope consistent with the principles and novel features
disclosed herein.          I claim:     1. Apparatus for determining a
relative magnitude for a  portion of a data signal in a communication
system which is  in phase with a reference signal for that communication
system comprising:     means for extracting first and second components of
a       reference signal;     means for extracting first and second
components of a       data signal, wherein said reference signal and said
data       signal are received over a common signal transfer path,    means
for generating a product of said first components of       said data and
reference signals to provide a first inter-       mediate value, and for
generating a product of said       second components of said data and
reference signals       to provide a second intermediate value; and
means for summing said first and second intermediate       values.    2.
The apparatus of claim 1 wherein said first components  of said data and
reference signals comprise in-phase portions  of said respective signals
and said second components comprise quadrature phase portions of said
respective sig- nals.    3. The apparatus of claim 1 wherein said first and
second  components of said data signal are substantially perpendicu-  lar
within a preselected phase space, and wherein said first  and second
components of said reference signal are sub-  stantially perpendicular
within a preselected phase space    4. The apparatus of claim 1 further
comprising:    first means for storing said first and second components of
said data signal;    second means for storing said first and second compo-
nents of said reference signal:     first selection means, coupled between
said first means       and said means for generating a product, responsive
to       a select signal for providing said first component of       said
data signal to said means for generating a product       when said select
signal has a first state and for pro-       viding said second component of
said data signal to       said means for generating a product when said
select       signal has a second state; and
-14-   second selection means, coupled between said second      means and
said means for generating a product, respon-      sive to said select
signal for providing said first com-      ponent of said reference signal
to said means for      generating a product when said select signal has a
first      state, and for providing said second component of said
reference signal to said means for generating a product      when said
select signal has a second state.   5. The apparatus of claim 4 wherein
said first means comprises:   a first pair of latches, each connected to
receive one of      said first and second components of said data signal,
and each having an output; and wherein said second      means comprises;
a second pair of latches, each connected to receive one of      said first
and second components of said reference      signal, and each having an
output.   6. The apparatus of claim 5 wherein said first selection means
comprises:   a first multiplexer having a select signal input, a pair of
inputs each coupled to an output of said first pair of      latches and a
first output coupled to an input for said      means for generating a
product; and wherein said      second selection means comprises:   a second
multiplexer having a select signal input, a pair of      inputs each
coupled to an output of said second pair of      latches and a second
output coupled to a second input      for said means for generating a
product.   7. The apparatus of claim 1 wherein the means for generating a
product of said first and second components comprises:   a first multiplier
connected to receive said data signal and      said reference signal first
components, and having a      product output coupled to said means for
summing; and   a second multiplier connected to receive said data signal
and said reference signal second components, and      having a product
output coupled to said means for      summing.   8. The apparatus  of claim
7 wherein said means for summing comprises an adder having a pair of
inputs, each of said inputs coupled to one of said product outputs of said
-15-    9. The apparatus of claim 1 wherein said communication system
comprises a wireless telephone/data communication system in which remote
users are located within a plurality of cells and communicate information
signals to at least one base station, using code division multiple access
(CDMA) spread spectrum type communication signals.    10. Apparatus for
determining the magnitude of a data signal that is in phase with a pilot
signal in a spread spectrum communication system receiver which receive the
pilot and data signals over a common signal transfer path, each signal
having in-phase (I) and quadrature phase (Q) components, comprising:    a
multiplier connected to receive and multiply together a      data signal I
component sample and a pilot signal I      component sample, to produce a
first product sample,      and to receive and multiply together a data
signal Q      component sample and a pilot signal Q component      sample
to produce a second product sample; and   an adder connected to receive and
sum said first and      second product samples to produce a value represen-
tative of the magnitude of said data signal in phase with      said pilot
signal.   11. The apparatus of claim 10 further comprising:   storage means
for storing said data signal I, data signal Q,      pilot signal I, and
pilot signal Q component samples;      and   selection means for receiving
said stored data signal I and      Q component samples, said pilot signal I
and Q com-      ponent samples, and a select signal, said selection
means responsive to a first state of said select signal for      providing
said data signal I and pilot signal I compo-      nent samples to said
multiplier, and responsive to a      second state of said select signal for
providing said data      signal Q and pilot signal Q component samples to
said      multiplier.   12. The apparatus of claim 10 wherein said data and
pilot signals are transmitted over said common signal transfer path in
synchronization with each other.                                 -16-   13.
In a communication system receiver which receives a pilot signal as a
reference signal and a data signal, each having in phase (I) and
quadrature (Q) components, and wherein each are received over a common
signal transfer path, a method for determining a magnitude of said data
signal which is in phase with said pilot signal in a prese- lected phase
space relative to said reference signal phase, comprising the steps of:
forming a product of a received data signal I component     sample and
pilot signal I component sample to provide     a resultant first product
sample;   forming a product of a received data signal Q component
sample and pilot signal Q component sample to provide     a resultant
second product sample; and   summing said first and second product samples
to provide     a resulting value representative of a magnitude of said
data signal that is in phase with said pilot signal.   14. The method of
claim 13 further comprising the steps of:   storing each of said data
signal L said data signal Q, said      pilot signal L and said pilot signal
Q component      samples;   providing said stored data signal I and pilot
signal I      component samples for multiplication in synchroniza-
tion with each other, and   providing said stored data signal Q and pilot
signal Q      component samples for multiplication in synchroniza-
tion with each other.   15. The method of claim 13 wherein said
communication system comprises a wireless telephone/data communication
system in which remote users are located within a plurality of cells and
communicate information signals to at least one base station, using code
division multiple access (CDMA) spread spectrum type communication signals.
16. Apparatus for extracting data from a received signal in a communication
system comprising:   a receiver for receiving a signal, said signal
comprising      one or more multipath propagations of the same trans-
mitted signal emanating from one or more base sta-      tions, said
transmitted signal comprising a data signal      and a reference signal;
-17-   one or more demodulators, coupled in parallel to said      receiver,
each demodulator operating on a particular      propagation of said
multipath propagations, each of      said demodulators comprising:   means
for extracting in-phase (1) and quadrature phase      (Q) components of the
data signal from said particular      propagation, and   means for
extracting I and Q components of the reference      signal from said
particular propagation;   one or more dot product means, each coupled to a
corresponding one of said demodulators, for determin-      ing for each
particular propagation a relative magnitude      of a portion of said data
signal which is in phase with      said reference signal. each of said dot
product means      comprising:      means for generating a product of said
I components of        said data and reference signals to provide a first
intermediate value, and for generating a product of        said Q
components of said data and reference signals        to provide a second
intermediate value, and      first summing means  for summing said first
and second        intermediate values to provide a first data output; and
second summing means for  summing said first data        outputs.   17. The
apparatus of claim 16 wherein said dot product means further comprises:
first means for storing said I and Q components of said     data signal;
second means for storing said I and Q components of said     reference
signal;   first selection means,coupled between said first means and
said means for generating a product, responsive to a     select signal for
providing the I component of said data     signal to said means for
generating a product when said     select signal has a first state, and for
providing the Q     component of said data signal to said means for gen-
erating a product when said select signal has a second     state; and
-18-   second selection means coupled between said second      means and
said means  for generating a product, respon-      sive to said select
signal for providing the I component      of said reference signal to said
means for generating a      product when said select signal has a first
state, and for      providing the Q component of said reference signal to
said means for generating a product when said select      signal has a
second state.    18. The apparatus of claim 17 wherein said first means
comprises:    a first pair of latches, each connected to receive one of
said I and Q components of said data signal, and each      having an
output; and wherein said second means      comprises:   a second pair of
latches, each connected to receive one of      said I and Q components of
said reference signal, and      each having an output.   19. The apparatus
of claim 18 wherein said first selection means comprises:   a first
multiplexer having a select signal input, a pair of      inputs each
coupled to an output of said first pair of      latches and a first output
coupled to an input for said      means for generating a product; and
wherein said      second selection means comprises:   a second multiplexer
having a select signal input, a pair of      inputs each coupled to an
output of said second pair of      latches and a second output coupled to a
second input      for said means for generating a product.   20. The
apparatus of claim 16 wherein the means for generating a product of said I
and Q components comprises:   a first multiplier connected to receive the I
components of      said data and reference signals, and having a product
output coupled to said first summing means; and   a second multiplier
connected to receive the Q compo-     nents of said data and reference
signals, and having a     product output coupled to said first summing
means.   21. The apparatus of claim 20 wherein said first summing means
comprises an adder having a pair of inputs, each of said inputs coupled to
one of said product outputs of said first and second multipliers.
22. The apparatus of claim 16 wherein said communica- tion system comprises
a wireless telephone/data communi- cation system in which remote users are
located within a plurality of cells and communicate information signals to
at least one base station, using code division multiple access (CDMA)
spread spectrum type communication signals.   23. The apparatus of claim 16
wherein said data and reference signals are transmitted in synchronization
with each other.    


