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METHOD AND SYSTEM FOR CHANNEL
ESTIMATION IN A SPATTAL MULTIPLEXING
MIMO SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

This patent application makes reference to, claims priority
to and claims benefit from U.S. Provisional Patent Applica-
tion Ser. No. 60/616,778 filed on Oct. 6, 2004.

This application makes reference to:

U.S. patent application Ser. No. 11/173,870 filed Jun.

2005;

U.S. patent application Ser.

2005;

U.S. patent application Ser.
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U.S. patent application Ser.
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U.S. patent application Ser.
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U.S. patent application Ser.
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U.S. patent application Ser.

2005;

U.S. patent application Ser.

2005;
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The above referenced applications are hereby incorporated
herein by reference in their entirety.
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No. 11/173,871 filed Jun. 30,
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No. 11/172,759 filed Jun. 30,

No. 11/173,689 filed Jun. 30,
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No. 11/182,779 filed Jun. 30,

No. 11/172,702 filed Jun. 30,

No. 11/173,727 filed Jun. 30,

No. 11/173,726 filed Jun. 30,

No. 11/172,781 filed Jun. 30,

No. 11/174,067 filed Jun. 30,

No. 11/173,854 filed Jun. 30,

No. 11/173,911 filed Jun. 30,

No. 11/174,403 filed Jun. 30,

FIELD OF THE INVENTION

Certain embodiments of the invention relate to channel
estimation. More specifically, certain embodiments of the
invention relate to a method and system for channel estima-
tion in a spatial multiplexing multi-input multi-output
(MIMO) system.
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2
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 of 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 array gain and to
suppress interference generated within the signal reception
process. Such diversity gains improve system performance by
increasing received signal-to-noise ratio, by providing more
robustness against signal interference, and/or by permitting
greater frequency reuse for higher capacity. In communica-
tion systems that incorporate multi-antenna receivers, a set of
M receive antennas may be utilized to null the effect of (M-1)
interferers. Accordingly, N signals may be simultaneously
transmitted in the same bandwidth 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 mul-
tiple receive antenna may be referred to as multiple-input
multiple-output (MIMO) systems. One attractive aspect of
multi-antenna systems, in particular 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. The necessity of providing a separate RF chain for each
transmit and receive antenna is a direct factor in the increased
the cost of multi-antenna systems. Each RF chain generally
comprises a low noise amplifier (LNA), a filter, a downcon-
verter, and an analog-to-digital converter (A/D). In certain
existing single-antenna wireless receivers, the single required
RF chain may account for over 30% of the receiver’s total
cost. Itis 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 a need to determine or estimate separate propagation
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
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the channels have been estimated. However, switching
between receive antennas may disrupt the receiver’s modem
and may lower throughput. Moreover, this approach may
require additional hardware and may also result in propaga-
tion channel estimates at different time intervals.

Further limitations and disadvantages of conventional and
traditional approaches will become apparent to one of ordi-
nary skill in the art through comparison of such systems with
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 channel estimation in a spatial
multiplexing multiple-input multiple-output (MIMO) sys-
tem, 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.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 is a block diagram of an exemplary spatially multi-
plexed wireless communication system with receiver channel
estimation, in accordance with an embodiment of the inven-
tion.

FIG. 2 illustrates an exemplary periodic phase rotation for
an [ signal component, in accordance with an embodiment of
the invention.

FIG. 3A is a block diagram of an exemplary system for
providing phase rotation, channel estimation and for deter-
mining optimal phase and amplitude parameters or setting for
an additional receive antenna, in accordance with an embodi-
ment of the invention.

FIG. 3B is a block diagram of an exemplary system for
providing phase rotation, channel estimation and for deter-
mining optimal phase and amplitude parameters or setting for
additional K-1 receive antennas, 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 block diagram of an exemplary system for
determining channel estimation, in accordance with an
embodiment of the invention.

FIG. 5 is a block diagram of an exemplary receiver illus-
trating spatial multiplexing in a MIMO communication sys-
tem that may be utilized in connection with an embodiment of
the invention.

FIG. 6 is a flowchart illustrating exemplary steps that may
be utilized for channel estimation in a spatially multiplexed
wireless communication system, in accordance with an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Certain embodiments of the invention may be found in a
method for channel estimation in a communication system.
Aspects of the method may comprise receiving a plurality of
spatially multiplexed communication signals from a plurality
of transmit antennas. A plurality of baseband combined chan-
nel estimates based on phase rotation may be generated in
response to receiving the plurality of spatially multiplexed
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4

communication signals. A plurality of amplitude and phase
correction signals may be generated based on the generated
plurality of baseband combined channel estimates. An ampli-
tude and a phase of at least a portion of the received plurality
of spatially multiplexed communication signals may be
adjusted based on the generated plurality of amplitude and
phase correction signals, respectively.

Spatial multiplexing (SM) may provide a mode of signal
transmission predicated upon the use of multiple antennas at
both a transmitter and a receiver, for example, in such a way
that the capacity of a wireless radio link may be increased
without correspondingly increasing power or bandwidth con-
sumption. In a case in which N antennas are used at both a
transmitter and a receiver, an input stream of information
symbols provided to the transmitter is divided into N inde-
pendent substreams. Spatial multiplexing contemplates that
each of'these N independent substreams may occupy the same
“space-time channel”, for example, time slot, frequency, or
code/key sequence, of the applicable multiple-access proto-
col. Within the transmitter, each substream may be separately
applied to the N transmit antennas and propagated over an
intervening multipath communication channel to a receiver.
Error correction coding may be applied to each of the N
streams separately or in acombined space-time methodology.

The composite multipath signals may then be received by
an array of N or more receive antennas deployed at the
receiver. At the receiver, a “spatial signature” defined by the N
phases and N amplitudes arising at the receive antenna array
for a given substream may be then estimated. Signal process-
ing techniques may be then applied in order to spatially sepa-
rate the received signals, which may allow the original sub-
streams to be recovered and synthesized into the original
input symbol stream. An overall system capacity of the order
of'the minimum of M and N, min(M,N), for example, may be
achieved, where M may be the number of receive antennas
and N may be the number of transmit antennas for flat fading
channel conditions. The principles of spatially multiplexed
communication and exemplary system implementations are
further described in, for example, “Optimum combining for
indoor radio systems with multiple users”, by J. H. Winters,
IEEE Transactions on Communications, Vol. COM-35, No.
11, November 1987, which is hereby incorporated by refer-
ence in its entirety.

FIG. 1 is a block diagram of an exemplary spatially multi-
plexed wireless communication system with receiver channel
estimation, in accordance with an embodiment of the inven-
tion. Referring to FIG. 1, the wireless system 100 may com-
prise a plurality of RF transmit blocks 130, ., a plurality of
transmit antennas 128, . a plurality of receive antennas
106, ,,asingleweight generator (SWG) 110, aplurality of
RFblocks114, ., aplurality of chip matched filters (CMF)
116, ,,aspatial multiplexing baseband (SMBB) processor
126 and a single weight generator baseband processor block
(SWGBB) 121. The SWGBB 121 may comprise a SWG
channel estimator 122 and a single weight generator (SWG)
algorithm block 124. In the system of FIG. 1 the number of
receiving antennas is greater than the number of receive RF
chains, M>N, while the number of receive and transmit RF
chains is equal (N).

The RF transmit blocks 130, ., may comprise suitable
logic, circuitry, and/or code that may be adapted to process an
RF signal. The RF transmitblocks 130,  , may perform, for
example, filtering, amplification, and mixing operations. The
plurality of transmit antennas 128,  ,, may transmit the
processed RF signals from the plurality of RF transmit blocks
130,  ,to aplurality of receive antennas 106,  ,,, where
the number of transmit antennas N may be equal to the num-


















