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ABSTRACT

An 1nvention for providing diversity for direct sequence spread spectrum
wireless communication systems is presented. The invention provides a receiver
technique in which M antennas are utilized at the receiver. Distinct weighting
signals are applied to information signals received at each of the M antennas, with
the weighing signals being, for example, distinct changes in either phase or
amplitude. Applying weighing signals to each of the information signals received
at the M receiver antennas results in constructive addition of derived signal vectors

at predetermined intervals, which eliminates deep fading at the receiver.
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Field of the I 1

The i1nstant invention is directed to Direct Sequence
Spread Spectrum (DS-SS) wireless communication systems
and, more particularly, to a DS-S8SS system in which
multiple antennas are utilized to create time diversity
at the DS-SS receiver.
-,_ 4 L SIWAIINE UL - LIV €I . o ks

In cellular radio systems, each cell i1is a local
geographic region containing a base station and a
plurality of mobile users. Each mobile user communicatés
directly with a base station only; there is no direct
mobile-to-mobile communication. The base station
performs, among other things, a relay function allowing a
mobile user to communicate with a user in another
location. So, for example, the base station provides
coupling of a mobile user's transmission to another
mobile user in the same cell, to another base station for
coupling to a mobile user in another cell, or to an
ordinary public switched telephone network. In this way,
a mobile user can send and receive information to and
from any other addressable user. It is also to be
understood that the term transmitter as used herein can

mean either the base station or the user's mobile

communication device. Similarly, the term receiver as
used herein can mean either the base station or the

user's mobile communication device.
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Direct Sequence Spread Spectrum (DS-SS) systems,
such as Direct Sequence Code Division Multiple Access
(DS-CDMA) systems, are attracting widespread attention in
the personal communication fields, such as, for example,
digital cellular radio. In a DS-CDMA communication
system, both the time and frequency domains may be shared
by all users simultaneously (this simultaneous sharing of
time and frequency domains 1s to be distinguished from
time-division and frequency-division multiple access
systems, TDMA and FDMA, where multiple user communication
is facilitated with use of unique time slots or frequency
bands, respectively for each user). As such, a base
station may simultaneously transmit distinct information
signals to separate users using a single band of
frequencies. Individual information signals
simultaneously transmitted may be isolated by each
receiving user because of the base station's utilization
of unique signature sequences in the transmission of the
information signals. Prior to transmission, the base
station multiplies each information signal by a signature
sequence signal assigned to the user intended to receive
the signal. To recover a transmitted signal from among
those signals transmitted simultaneously i1n a frequency
band, a receiving mobile user multiplies a received
sighal (containing all transmitted signals) by its own
unique signature sequence signal and integrates the
result. By so doing, the user identifies that signal
intended for it, as distinct from other signals intended

for other users.
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In wireless communication systems (such as DS-CDMA
systems), an information signal is communicated from a
transmitter to a receiver via a channel comprising
several 1ndependent paths. These paths are referred to
as multipaths. Each multipath represents a distinct
route an information signal may take in traveling between
transmitter and receiver. An information signal
communicated via such routes or multipaths, appears at a
receiver as a plurality of multipath signals, one signal
for =ach multipath.

The amplitudes and phases of signals received from a
transmitter through different multipaths of a
communication channel are generally independent of each
other. Because of complex addition of multipath signals,
the strength of received signals may vary between very
small and moderately large values. The phenomenon of
received signal strength variation due to complex
addition of multipath signals is known as fading. In a
fading environment, points of very low signal strength,
or deep fades, are separated by approximately one-half
wavelength from each other.

Multipaths encountered in wireless communication
systems can be described by certain characteristics, such
as amplitude attenuation and phase shifting. For
exaﬁple, the multipaths of a DS-CDMA channel may provide
different amplitude attenuations and phase shifts to an
information signal communicated from a transmitter to a
receiver. These different amplitude and phase

characteristics may vary due to, e,g., relative movement
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between transmitter and receiver, or changes in local
geography of the transmitter or receiver due to movement.
Because of the variation of multipath characteristics, a
receiver can experience a signal which fades with time.
This fading is a manifestation of the complex addition of
multipath signals having time varying amplitudes and
phases.

If the characteristics of a DS-CDMA multipath vary
slowly, a receiver experiencing a deep fade may observe a
weak signal for a long period of time. Long fades are
not uncommon in, e.g., indoor radio systems, where
relative movement between receivers and transmitters is
slow or non-existent (often, one of these two is an
immobile base station; the other is a mobile device
carried by a person). Since the duration of a deep fade
may be large in comparison to the duration of information
symbols being communicated, long bursts of symbol errors
may occur (due to the weakness of received signal
strength for an extended period of time).

To avoid or mitigate the detrimental effects of
fading, a technique providing diversity may be employed.
Diversity refers generally to the ability of a
communication system to receive information via several
independently fading channels. As a general matter,
divérsity techniques enhance a system receiver's ability
to combine or select (or both) signals arriving from
these independently fading channels, thus enabling (or
facilitating) the extraction of communication channels.

U.S. Patent No. 5,289,499 to Weerackody, the
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describes a diversity scheme for a DS-SS system. The
system described in this patent utilizes multiple
transmit antennas in a digital data communicatlon system
to provide diversity by introducing a sequence ot
distinct weights to segments of a signal to be
transmitted. In the illustrative embodiment provided, M
copies of the signal are formed where M is the number of
antennas used in transmitting the signal. This gives
rise to time diversity at the DS-SS receiver. 1In
contrast, the instant invention utilizes multiple
antennas placed at the receiver to create time diversity
at the receiver.

Also of interest is U.S. Patent No. 5,305,353 to
Weerackody. This patent also teaches the use of multiple
antennas at a transmitter, but does not consider the use
of multiple antennas at a receiver for use in a DS-SS
system.

An article entitled “A Fading Reduction Technique
Using Interleave-Aided Open Loop Space Diversity For
Digital Maritime-Satellite Communications,” by H. Iwai,
et al, IEICE Transactions, Vol. E 74, No. 10, October,
1991, pp. 3286-3294, discusses time varying phase welghts
at a receiver antenna. However, this reference does not
discuss a DS-SS system of the type discussed 1in the
instant application.

Summary of the Invention

The present invention provides a technique for
mitigating the detrimental effects of fading in DS-SS
systems. An illustrative receiver embodiment of the

invention provides diversity at the receiver Dby
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introducing a sequence of distinct weights to segments of
each received signal.

More particularly, the receiver has M antennas, each
of which receive information signals from a transmitter.
A distinct phase shift is applied to each information
signal received at each of the M antennas, with the phase

shift varying over M distinct phase shifts between O and

2T .
For example, with M equal to 2, the phase shift

would switch between O and m. Advantageously, due to the
phase shift applied to the received signals, signal
vectors derived from each of the M receive antennas
constructively add during predetermined intervals. The
constructive addition of the signal vectors provide
diversity at the receiver and eliminate the problem of
deep fading in a DS-SS communication system.

In accordance with one aspect of the present
invention a method of operating a direct-sequence
spread spectrum communication system for
transmitting an information signal comprising a data
symbol from a transmitter to a receiver, the data
symbol being of duration n times Tc, n beilng an
integer greater than 1, Tc being a chip duration of
the spread spectrum system, sald receiver including
a plurality of M antennas, said information signal
being received at each of said M antennas, the
method comprising the steps of: weighting each
information signal received at each of said M
antennas with a different time varying weighting
signal, said time varying weighting signal including

a distinct phase shift within the duration of said
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data symbol, said distinct phase shift occurring at
least one Tc after beginning of the data symbol,
said distinct phase shift occurring at least one Tc
before end of the data symbol, and combining each
differently weighted information signal to generate
a combined received signal, wherein each said
different time varying weighting signal 1is
determined independently of said corresponding
information signal and said combined received input
signal.

In accordance with another aspect of the
present invention a method of operating a direct-
sequence spread spectrum communication system Ior
transmitting an information signal comprising a data
symbol from a transmitter to a receiver, the data
symbol being of duration n times Tc, n being an
integer greater than 1, Tc being a chip duration of
the spread spectrum system, said receiver including
a plurality of M antennas, said information signal
being received at each of said M antennas, the
method comprising the steps of: weighting each
information signal received at each of said M
antennas with a different time varying weilghting
signal, said time varying weighting signal including
a distinct phase shift within the duration of said
data symbol, said distinct phase shift occurring at
least one Tc after beginning of the data symbol,
said distinct phase shift occurring at least one TcC
before end of the data symbol, each said different
time varying weighting signal is determined

independently of said corresponding information
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signal; and adjusting said weighting step such that
signal vectors derived from said received
information signal constructively add to each other
during predetermined intervals.

In accordance with yet another aspect of the
present invention a method of operating a direct-
sequence spread spectrum communication system for
transmitting an information signal comprising a data
symbol from a transmitter to a receiver, the data
symbol being of duration n times Tc, n beilng an
integer greater than 1, Tc being a chip duration of
the spread spectrum system, said receiver including
a plurality of M antennas, said information signal
being received at each of said M antennas, the
method comprising the steps of: weighting each
information signal received at each of said M
antennas with a different time varying weighting
signal, said time varying weighting signal including
a distinct phase shift within the duration of said
data symbol, said distinct phase shift occurring at
least one Tc after beginning of the data symbol,
said distinct phase shift occurring at least one TcC
before end of the data symbol, each said different
time varying weighting signal is determined
independently of said corresponding information
signal; and adjusting said weighting step such that
signal vectors derived from said received
information signal constructively add to each other

during predetermined intervals.
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In accordance with still yet another aspect of the
present invention a direct-sequence spread spectrum
communication system for transmitting an information
signal comprising a data symbol from a transmitter to a
receiver, the data symbol being of duration n times Tc, n
being an integer greater than 1, Tc being a chip duration
of the spread spectrum system, said receiver including a
plurality of M antennas, said information signal being
received at each of said M antennas, said communication
system comprising: means for weighting each information
signal received at each of said M antennas with a
different time varying weighting signal, said different
time varying weighting signal including a distinct phase
shift within the duration of said data symbol, said
distinct phase shift occurring at least one Tc after
beginning of the data symbol, said distinct phase shift
occurring at least one Tc before end of the data symbol,
and means for adjusting said weighting step such that
signal vectors derived from said received information
signal constructively add to each other during
predetermined intervals.

In accordance with still yet another aspect of the
present invention a direct-sequence spread spectrum
communication system for transmitting an information
signal comprising a data symbol from a transmitter to a
receiver, the data symbol being of duration n times Tc, n
being an integer greater than 1, Tc being a chip duration
of the spread spectrum system, said receiver including a
plurality of M antennas, said information signal being
received at each of said M antennas, said communication

system comprising: means for welghting each information
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signal received at each of said M antennas with a
different time varying weighting signal, said different
time varying weighting signal including a distinct phase
shift within the duration of said data symbol, said
distinct phase shift occurring at least one Tc after
beginning of the data symbol, said distinct phase shift
occurring at least one Tc before end of the data symbol,
and means for adjusting said weighting step such that
signal vectors derived from said received information
signal constructively add to each other during
predetermined intervals.

In accordance with still yet another aspect of the
present invention a receiver for use 1n a direct-sequence
spread spectrum communication system where an information
signal comprising a data symbol is transmitted from a
transmitter to said receiver, said receiver including a
plurality of antennas, said information signal being
received at each of said plurality of antennas, said
receiver comprising: means for weightling each
information signal received at each of said plurality of
antennas with a different time varying weighting signal
including a distinct phase shift within the duration of
said data symbol, each said different time varying
weighting signal determined independently of said
corresponding information signal; and means for adjusting
said weighting step such that signal vectors derived from
said received information signal constructively add to

each other during predetermined intervals.
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Brief Description of 2 Drawings
FIG. 1 illustrates the receiver structure for a
Direct Sequence Spread Spectrum Communications System;
(PRIOR ART)
5 FIG. 2 illustrates time varying phase and/or
amplitude weighting at a multiple antenna recelver;
FIGS. 3A and 3B illustrate the use of time varying
phase offsets at a multiple antenna receilver;
FIG. 4 illustrates the diversity effect obtained by

10 the use of time varying phase offsets at a multiple

antenna receiver;
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FIGS. 5A and 5B illustrate a formulation for the
signal and signal strength at a multiple antenna receilver
in accordance with the invention;

FIG. 6 illustrates the general case of multiple
receive antennas subjected to a time varying weight
function; and

FIGS. 7A and 7B illustrate the signal and signal
strength for the general case of multiple receive
antennas.

Detailed Degcription

Diversity using multiple receive antennas is very
useful in direct-sequence code division multiple access
(DS-CDMA) systems. However, since the carrier-to-noise
ratio is very small in DS-CDMA systems, simple diversity
techniques such as pre-detection selection diversity may
not be very effective in such systems. The 1lnstant
invention is directed to antenna diversity techniques
that can be used in direct-sequence spread spectrum (DS-
SS) systems. These techniques can be implemented at the
RF/IF stages and do not require multiple analog-to-

digital converters (ADC).

Referring now to FIG. 1, there is shown a receiver
structure for a DS-SS system. As shown in FIG. 1, the
received signal from a single antenna 10 is first fed
into the RF/IF stages 11, and then sampled by an Analog
to Digital Converter (ADC) 12. This signal 1is then
processed digitally in the RAKE diversity receiver 13,
the deinterleaver 14, and the channel decoder 15. The

RAKE receiver is well known in the art. See, e.g., R.
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Price and P.E. Green, Jr., "A Communication Technique for
Multipath Channels," 46 Proc. Inst. Rad. Eng. 555-70
(March, 1958). FIG. 5 in U.S. Patent No. 5,289,499 also
shows the details of a RAKE receiver. With reference to
U.S. Patent No. 5,289,499, note that the typical RAKE
diversity combiner is obtained by setting M and m~ to
unity where M is the number of transmit antennas and m~
indexes the segments of the data symbol.

The input to the RAKE receiver, s(n), 1s given by
Eq. (1) in U.S. Patent No. 5,289,493, where a{(n) and b (n)
are respectively, the user signature sequence, or the
chip sequence, and the channel coded information data
symbol sequence. These sequences are shown in FIG. 1 in
U.S. Patent No. 5,289,499. With reference to this FIG. 1
in U.S. Patent No. 5,289,499, note that T, is the chip
duration and T is the duration of an information data
symbol. The function of the interleaver/deinterleaver
and the channel decoder are discussed in U.S. Patent No.
5,305,353.

In slow fading channels (typical indoor radio
channels), because of the absence of time diversity, the
gain obtained from the channel code system described 1n
U.S. Patent No. 5,289,499 is very small. This 1is
discussed in detail in U.S. Patent No. 5,305,353.

"~ In the '353 patent, multiple transmit antennas are
used in a digital data communication system to generate a
fast fading effect at the receiver. 1In this invention,
we consider a DS-SS system and employ multiple antennas

placed at the receiver to obtain time diversity at the
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Referring now to FIG. 2, consider the antenna T, and
T, placed at the receiver. The received signals from
these antennas are first weighed by w,(t) at 16, and
w,(t) at 17, summed at 18 and then fed to the RF/IF
stages 11. Note that these weights may be applied
digitally after the ADC 12. However, it is cost
effective to employ the weights at the RF/IF stages as
shown in FIG. 2 because of the high sampling rate
requlrements on the ADC. These welights are time varying
and can be either phase or amplitude variations, or a
combination of these two.

FIGS. 1A and 1B of U.S. Patent No. 5,305,353,
demonstrate the effect of time varying phase variations
applied at transmit antennas T, and T,. In this case, S,
and S, are the signal vectors received from antennas T,
and T, respectively. FIG. 1A in U.S. Patent No.
5,305,353, shows a deep fade because the two signal
vectors add in a destructive manner. The duration of
these deep fades will be very large if the weight vectors
w,(t) and w,(t) are not time varying. However, when time
variations are introduced to the weights, the signal
vectors S; and S, rotate conti_nudusly and the deep fades
shown in this figure will quickly disappear. FIG. 1B in
the‘ 1353 patent depicts an instant when S, and S, add 1in
a constructive manner. That 1s, the '353 patent
disclosure describes a time varying signal whose strength
varies from a very small value to a large value due to

the use of multiple transmit antennas. In this manner,
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time diversity is introduced at the receiver. Thié
invention strives to introduce the same time diversity,
but through the use of multiple antennas and multiple
welighting factors applied at the receiver, as opposed to

the use of multiple antennas and weighting factors

applied at the transmitter.

Consider the case of two receive antennas, T, and T,

shown in FIG. 3A. The functions 61(t) and 0,(t)

introduce time varying phase offsets such that:

0, (t) = O for all t
(
0, (t) — {O 1T < t < (1 +
1
— )T
> )
o (1 + -% )T < £t < (i + 1)T
where 1 = 0,1,2... These phase variations are shown in

FIG. 3B. Note that in this case the phase variations
occur within a duration of an information data symbol,
which is T.

The diversity effect obtained from this technique
can be described as follows. Suppose S; and S, are
respectively the receive signal vectors from antennas T,
and T,. Suppose these signal vectors are such that they
cancel each other in the time interval iT < t < (1 +
¥)T. This 1s shown in FIG. 4 in the interval of
duration T/2. However, as shown in FIG. 4, these two

signals add constructively in the interval



2186793

11

(L%)T <t <(i+1)T, because 0,(t) changes its phase to 1I.

The output signal in a DS-SS receiver is obtained by
multiplying the received signal by the corresponding chip
sequence and integrating the result over a period of T.

5 That is, the output signal strength from the receiver
depends on the input signal strength over a period of T.
As 1s seen from FIG. 4, the input signal strength (output
from the antenna combination) alternates'between weak and

strong over an interval of T. 1In this case, the signal

1

10 strengths in two of the intervals, (in)T<u:<iT and

iT<ﬂ:<(i~%)T, will be independent of each other. Thus,

the technique advantageously gives rise to diversity of

order two at the receiver.

The receiver structure for this technique can be

15 derived as follows. Note that FIG. 5 in U.S. Patent No.
5,289,499 (with m” = 1 and M = 1) gives the conventional

RAKE diversity receiver. Considering the notation used
in this figure and Eg. (1) of U.S. Patent No. 5,289,499,

we see that the desired input signal for the 1*® branch

20 of the RAKE receiver is Bal(n-t)b(n-t) . InFIG. DA, we have

depicted this signal and FIG. 5B depicts the signal strength of g, . FIG.

6 in U.S. Patent No. 5,289,499 is the figure corresponding to the FIG.
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5B in the instant application. In FIG. 5B, we define v, as the distance

(in chips) from (in.t)) to the nearest phase change position in B, .

and for practical fading channels it may be assumed that:

BZ((1i-1) N)=BZ(iN)

5 Note that we will be using the digital notation in describing the
receiver structure.
With this notation, the receiver output for the I'" branch of the

RAKE receiver can be written as:

IN+T+Y|-1 . iN*Tt"Yt*g“l
10 zliz E s(n)a(n-T)) Blz'(iN)+ E s(n)a(n-1)) Bll'(iN)+
ngiN"'Tl n-'-iN*'Tl"'Yl
iN"‘Tl"‘N‘l
E s(n)a(n-T) Blz'(iN)
N
=zl N+ T +V,+ —
15 The output of the RAKE receiver for this case is given by Y i, x

where L is the number of RAKE branches.
For the general case of M receive antennas, each receive antenna
is subjected to a time varying weight function p.(t), m = 1,2,...M, as

shown in FIG. 6. The value of p(t) can be given by Egs. (2)-(5) in U.S.
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Patent No. 5,289,499. The RAKE receiver for this case is shown in FIG.

5 of U.S. Patent No. 5,289,999, except that the equation for block 64

IS:

)

n=iN+Tv m !

2

n=.iN+'El+vLm !

FIGS. 7A and 7B show the values B, takes in this case. In these figures,

we have assumed that:

Bif(i-1) N)=B(iN)

and by definition:

BC(iN) =B (iN)

/

In the aforementioned equation for the RAKE v* and w® are defined

as follows:

rO' m =0
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(11 m =20
Wlm’- { Yl+m'-g--1 m =
1,2,..,(M-1)
IN-1 m =M

Note that in this case we have introduced the time varying weights p_(n) at
the RF/IF stages before the ADC.

The conventional RAKE receiver is obtained when index m” = 1. In this
case, index 1 denotes the particular branch in the RAKE receiver.

In the presence of M receive antennas, according to this invention, each
branch of the RAKE receiver should be changed as discussgd above. In this case,
each branch of the RAKE receiver gives rise to diversity obtained from the M
antennas. Thus, the addition of the L RAKE branches gives the composite
diversity benefit due to M receive ‘antennas and L. RAKE branches.

The foregoing disclosure and description of the invention is illustrative and
explanatory thereof, and various changes may be made within the scope of the

appended claims without departing from the spirit of the invention.
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Claims:

1. A method of operating a direct-sequence
spread spectrum communication system for
transmitting an information signal comprising a data
symbol from a transmitter to a receiver, the data
symbol being of duration n times Tc, n being an
integer greater than 1, Tc being a chip duration of
the spread spectrum system, said receiver including
a plurality of M antennas, said information signal
being received at each of said M antennas, the
method comprising the steps of:

weighting each information signal received at
each of said M antennas with a different time
varying weighting signal, said time varying
weighting signal including a distinct phase shift
within the duration of said data symbol, said
distinct phase shift occurring at least one Tc after
beginning of the data symbol, said distinct phase
shift occurring at least one Tc before end of the
data symbol, and

combining each differently weighted information
signal to generate a combined received signal,
wherein each said different time varying weighting
signal is determined independently of said

corresponding information signal and said combined

received input signal.

2. A method in accordance with Claim 1,
wherein the step of weighting each information

signal comprises applying a distinct phase shift to
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each information signal received at each of said M

antennas.

3. A method in accordance with Claim 2,
wherein said information signal is comprised of a
plurality of information data symbols, said distinct

phase shift occurring within a duration of said

information data symbols.

4 , A method in accordance with Claim 3, wherein
said distinct phase shift comprises phase shift 6,(t),
and phase shift 6,(t), with ©:(t) being equal to 0 for
all time (t), and 6,(t) being equal to 0 for the duration
of iT < t < (i + % T and equal to n for the duration
(i + ¥)T < t < (1 + 1)T, where T is the duration of an

information data symbol and i1 is an 1integer.

5. A method in accordance with Claim 4, wherein
the method further comprising the step of adjusting said
distinct phase shift such that signal vectors S1 and S2

received at antennas Tl and T2 constructively add to each

other during predetermined intervals.

6. A method of operating a direct-sequence
spread spectrum communication system for
transmitting an information signal comprising a data
symbol from a transmitter to a recelver, the data
symbol being of duration n times Tc, n being an
integer greater than 1, Tc being a chip duration of
the spread spectrum system, said receiver including

a plurality of M antennas, said information signal
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being received at each of said M antennas, the
method comprising the steps of:

weighting each information signal received at
each of said M antennas with a different time
varying weighting signal, said time varying
weighting signal including a distinct phase shift
within the duration of said data symbol, said
distinct phase shift occurring at least one TC after
beginning of the data symbol, said distinct phase
shift occurring at least one Tc before end of the
data symbol, each said different time varying
weighting signal is determined independently of said
corresponding information signal; and

adjusting said weighting step such that signal
vectors derived from said received information signal
constructively add to each other during predetermined

intervals.

7. A method in accordance with Claim 6, wherein
the step of weighting each information signal comprises
applying a distinct phase shift to each information

signal received at each of sald M antennas.

8 . A method in accordance with Claim 7, wherein

said distinct phase shift varies over M distinct phase

cshifts between O and 2 T.

9. A method in accordance with Claim 6, wherein
the step of weighting each information signal comprises
applying a distinct amplitude change to each information

signal received at each of said M antennas.
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10. A method in accordance with Claim 6, which
further includes the steps of combining each differently
weighted information signal to generate a combilned

received signal.

11. A method in accordance with Claim 6, wherein
said weighting step includes the step of setting a rate
of said time varying weighting signal between 1 and 2

percent of a channel coded symbol rate.

12. A direct-sequence spread spectrum communication
system for transmitting an information signal comprising
a data symbol from a transmitter to a receiver, the data
symbol being of duration n times Tc, n being an 1nteger
greater than 1, Tc being a chip duration or the spread
spectrum system, said receiver including a plurality of M
antennas, said information signal being received at each
of said M antennas, said communication system comprising:

means for weighting each information signal received
at each of said M antennas with a different time varying
weighting signal, said different time varying weighting
signal including a distinct phase shift within the
duration of said data symbol, said distinct phase shift
occurring at least one Tc after beginning of the data
symbol, said distinct phase shift occurring at least one
Tc before end of the data symbol, and

means for combining each differently weighted
information signal to generate a combined received
signal, wherein each said different time varying
weighting signal is determined independently of said
corresponding information signal and said combined

received input signal.
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13. A communication system in accordance with
Claim 12, wherein said weighting means includes means for
applying a distinct phase shift to each information

signal received at each of said M antennas.

14. A communication system in accordance with

Claim 13, wherein said distinct phase shift comprises

phase shift ©6:(t), and phase shift 6,(t), with 6;(t) being

equal to 0 for all time (t), and 6,(t) being equal to O

for the duration of iT < t < (i + ¥)T and equal to m for
rhe duration (i + %) T < t < (i + 1)T, where T 1s the
duration of an information data symbol and 1 1s an

integer.

15. A direct-sequence spread spectrum communication
system for transmitting an information signal comprising
a data symbol from a transmitter to a receiver, the data
symbol being of duration n times Tc, n being an integer
greater than 1, Tc being a chip duration of the spread
spectrum system, said receliver including a plurality of M
antennas, said information signal being received at each
of said M antennas, said communication system comprising:

means for weighting each information signal received
at each of said M antennas with a different time varying
weighting signal, said different time varying weighting
signal including a distinct phase shift within the
duration of said data symbol, said distinct phase shift
occurring at least one Tc after beginning of the data
symbol, said distinct phase shift occurring at least one
Tc before end of the data symbol, and

means for adjusting said weighting step such that

signal vectors derived from said received information
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signal constructively add to each other during

predetermined intervals.

16. A communication system in accordance with
Claim 15, wherein said weighting means includes means for
applying a distinct phase shift to each information

signal received at each of said M antennas.

17. A communication system in accordance with

Claim 16, wherein said distinct phase shift varies over

M distinct phase shifts between O and 2.

18. A communication system in accordance with
Claim 17, wherein said weighting means includes means for
applying a distinct amplitude change to each information

signal received at each of said M antennas.

19. A receiver for use in a direct-sequence spread
spectrum communication system where an information signal
comprising a data symbol is transmitted from a
transmitter to said receiver, the data symbol being of
duration n times Tc, n being an integer greater than 1,
Tc being a chip duration of the spread spectrum system,
said receiver including a plurality of antennas, said
information signal being received at each of said
plurality of antennas, said recelver comprising:

means for weighting each information signal received
at each of said plurality of antennas with a different
time varying weighting signal, said different time
varying weighting signal including a distinct phase shift
within the duration of said data symbol, said distinct

phase shift occurring at least one Tc after beginning of
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the data symbol, said distinct phase shift occurring at
least one Tc before end of the data symbol, and

means for combining each differently weighted
information signal to generate a combined received
signal, wherein each said different time varyling
weighting signal is determined independently of said

corresponding information signal and said combined

received input signal.

20. A receiver for use in a direct-sequence spread
spectrum communication system where an information signal

comprising a data symbol is transmitted from a

rransmitter to said receiver, said receiver including a
plurality of antennas, said information signal being
received at each of said plurality of antennas, said
receiver comprising:

means for weighting each information signal receilved
at each of said plurality of antennas with a different
time varying weighting signal including a distinct phase
shift within the duration of said data symbol, each said
different time varying weighting signal determined
independently of said corresponding information signal;
and

means for adjusting said weighting step such that
signal vectors derived from said received information
signal constructively add to each other during

predetermined intervals.

1. A receiver in accordance with Claim 20, whereiln

said weighting means includes means for applying a

distinct phase shift to each information signal received

at each of said plurality of antennas.
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22 A receiver in accordance with Claim 21, wherein

said distinct phase shift varies over a plurality of

distinct phase shifts between 6 and 2m.

273 A receiver in accordance with Claim 22, whereiln
said weighting means includes means for applying a
distinct amplitude change to each information signal

received at each of said plurality of antennas.
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