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METHOD AND SYSTEM FOR

PRE-EQUALIZATION IN A SINGLE WEIGHT

(SW) SINGLE CHANNEL (SC)
MULTIPLE-INPUT MULTIPLE-OUTPUT
(MIMO) SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE
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Each of the above referenced applications is hereby incor-
porated herein by reference in its entirety.

FIELD OF THE INVENTION

Certain embodiments of the invention relate to the process-
ing of wireless communication signals. More specifically,
certain embodiments of the invention relate to a method and
system for pre-equalization in a single weight (SW) single
channel (SC) multiple-input multiple-output (MIMO) sys-
tem.

BACKGROUND OF THE INVENTION

In most current wireless communication systems, nodes in
a network may be configured to operate based on a single
transmit and a single receive antenna. However, for many of
current wireless systems, the use of multiple transmit and/or
receive antennas may result in an improved overall system
performance. These multi-antenna configurations, also
known as smart antenna techniques, may be utilized to reduce
the negative effects that multipath and/or signal interference
may have on signal reception. Existing systems and/or sys-
tems which are being currently deployed, for example,
CDMA-based systems, TDMA-based systems, WLAN sys-
tems, and OFDM-based systems such as IEEE 802.11 a/g/n,
may benefit from configurations based on multiple transmit
and/or receive antennas. It is anticipated that smart antenna
techniques may be increasingly utilized both in connection
with the deployment of base station infrastructure and mobile
subscriber units in cellular systems to address the increasing
capacity demands being placed on those systems. These
demands arise, in part, from a shift underway from current
voice-based services to next-generation wireless multimedia
services that provide voice, video, and data communication.

The utilization of multiple transmit and/or receive antennas
is designed to introduce a diversity gain and/or an array gain
and to suppress interference generated within the signal
reception process. Such diversity gains improve system per-
formance by increasing received signal-to-noise ratio, by pro-
viding more robustness against signal interference, and/or by
permitting greater frequency reuse for higher capacity. In
communication systems that incorporate multi-antenna
receivers, a set of M receive antennas may be utilized to null
the effect of (M-1) interferers, for example. Accordingly, N
signals may be simulataneously transmitted in the same band-
width using N transmit antennas, with the transmitted signal
then being separated into N respective signals by way of a set
of N antennas deployed at the receiver. Systems that utilize
multiple transmit and multiple receive antenna may be
referred to as multiple-input multiple-output (MIMO) sys-
tems. One attractive aspect of multi-antenna systems, in par-
ticular MIMO systems, is the significant increase in system
capacity that may be achieved by utilizing these transmission
configurations. For a fixed overall transmitted power, the
capacity offered by a MIMO configuration may scale with the
increased signal-to-noise ratio (SNR).

However, the widespread deployment of multi-antenna
systems in wireless communications, particularly in wireless
handset devices, has been limited by the increased cost that
results from increased size, complexity, and power consump-
tion. Providing a separate RF chain for each transmit and
receive antenna is a direct factor that increases the cost of
multi-antenna systems. Each RF chain generally comprises a
low noise amplifier (LNA), a filter, a downconverter, and an
analog-to-digital converter (A/D). In certain existing single-
antenna wireless receivers, the single required RF chain may
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account for over 30% of the receiver’s total cost. It is therefore
apparent that as the number of transmit and receive antennas
increases, the system complexity, power consumption, and
overall cost may increase.

In the case of a single RF chain with multiple antennas,
there is the need to determine or estimate separate propaga-
tion channels. A simple method may comprise switching to a
first receive antenna utilizing, for example, an RF switch, and
estimate a first propagation channel. After estimating the first
propagation channel, another receive antenna may be
selected and its corresponding propagation channel may be
estimated. In this regard, this process may be repeated until all
the channels have been estimated. However, switching
between receive antennas may disrupt the receiver’s modem
and may lower throughput. This approach may require addi-
tional hardware and may also result in propagation channel
estimates at different time intervals. Any mechanisms that
may be utilized to compensate for the presence of multiple
time-varying propagation channels may also present added
complexity and cost to the design and operation of MIMO
systems.

A single weight approach may work best for a single path,
that is, for flat fading channels, because a single weight may
not combine all paths arriving at different delays optimally.
To optimally combine each multipath at receiving antennas
may require multiple weights at different delays. For
example, the same number of weights as multipaths arriving
at different delays may be required, which may be more like
acomplete channel equalization approach. On the other hand,
utilizing a single weight may have an average combining
effect on multiple paths, with sub-optimal performance. A
single weight may not be selected so that an optimized com-
bination of multiple paths may be achieved at the receiving
antennas. For example, for a Rayleigh flat fading channel, a
single weight solution may result in about a 6 dB gain, while
for the channels with many Rayleigh faded paths the gain may
be reduced to about 2 dB.

Moreover, multi-path propagation in band-limited time
dispersive channels may cause inter-symbol interference
(ISI), which has been recognized as a major obstacle in
achieving increased digital transmission rates with the
required accuracy. ISI may occur when the transmitted pulses
are smeared out so that pulses that correspond to different
symbols are not discernable or separable. Meanwhile, data
received from a desired user may be disturbed by other trans-
mitters, due to imperfections in the multiple access scheme,
giving rise to inter-carrier interference (ICI). For a reliable
digital transmission system, it is necessary to reduce the
effects of ISI and ICI.

Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of skill in
the art, through comparison of such systems with some
aspects of the present invention as set forth in the remainder of
the present application with reference to the drawings.

BRIEF SUMMARY OF THE INVENTION

A method and/or system for pre-equalization in a single
weight (SW) single channel (SC) multiple-input multiple-
output (MIMO) system, substantially as shown in and/or
described in connection with at least one of the figures, as set
forth more completely in the claims.

These and other advantages, aspects and novel features of
the present invention, as well as details of an illustrated
embodiment thereof, will be more fully understood from the
following description and drawings.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1A is a block diagram of an exemplary two-transmit
(2-Tx) and two-receive (2-Rx) antennas wireless communi-
cation, in accordance with an embodiment of the invention.

FIG. 1B is a block diagram of an exemplary two-transmit
(2-Tx) and two-receive (2-Rx) antennas wireless communi-
cation with pre-equalization, in accordance with an embodi-
ment of the invention.

FIG. 1C is a block diagram of an exemplary two-transmit
(2-Tx) and two-receive (2-Rx) antennas wireless communi-
cation system that supports WCDMA/HSPDA, in accordance
with an embodiment of the invention.

FIG. 1D is a block diagram of an exemplary two-transmit
(2-Tx) and two-receive (2-Rx) antennas wireless communi-
cation system with pre-equalization that supports WCDMA/
HSPDA, in accordance with an embodiment of the invention.

FIG. 1E is a block diagram of an exemplary two-transmit
(2-Tx) and multiple-receive (M-Rx) antennas wireless com-
munication system with pre-equalization that supports
WCDMA/HSPDA, in accordance with an embodiment of the
invention.

FIG. 2A is a flow diagram illustrating exemplary steps for
channel estimation in a 2-Tx and M-Rx antennas wireless
communication system, in accordance with an embodiment
of the invention.

FIG. 2B illustrates an exemplary periodic phase rotation
for an in-phase (I) signal received in one of the additional
receive antennas, in accordance with an embodiment of the
invention.

FIG. 3A is a block diagram of an exemplary single weight
baseband generator (SWBBG) that may be utilized in a 2-Tx
and 2-Rx antennas system, in accordance with an embodi-
ment of the invention.

FIG. 3B is a block diagram of an exemplary single weight
baseband generator (SWBBG) that may be utilized for chan-
nel pre-equalization in a 2-Tx and M-Rx antennas system, in
accordance with an embodiment of the invention.

FIG. 3C is a block diagram of an exemplary RF phase and
amplitude controller, in accordance with an embodiment of
the invention.

FIG. 4 is a flow diagram illustrating exemplary steps in the
operation of the single weight baseband generator (SWBBG)
that may be utilized in a 2-Tx and M-Rx antennas system, in
accordance with an embodiment of the invention.

FIG. 5 is a flow diagram illustrating exemplary steps for
determining channel weights in additional receive antennas
utilizing signal-to-noise ratio (SNR) or signal-to-interfer-
ence-and-noise ratio (SINR), in accordance with an embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Certain embodiments of the invention may be found in a
method and system for pre-equalization in a single weight
(SW) single channel (SC) multiple-input multiple-output
(MIMO) system. A first receive antenna and at least one
additional receive antenna may receive a plurality of SC
communication signals transmitted from at least two transmit
antennas. Estimates of the propagation channels between
transmit and receive antennas may be performed concurrently
and may be determined from baseband combined channel
estimates. Channel weights may be determined to modify the
signals received by the additional receive antennas. Pre-
equalization weight parameters may be determined to modify
subsequent signals transmitted from the transmit antennas.






