
WO 2005/117321 PCT/US2005/015041  1 TIME VARYING CYCLIC
DELAY DIVERSITY OF OFDM  Cross Reference [0001] This
application claims priority from Provisional
Application No.  60/572,137, filed May 17, 2004,
entitled "Systems Time Varying Cyclic Delay  Diversity
of OFDM" and is assigned to the assignee of the present
application.  BACKGROUND Field  [0002] The present
document relates generally to wireless communication,
and amongst other things to, signal transmission in
multi-antenna system.  Background [0003] In a wireless
communication system, an RF modulated signal from  a
transmitter may reach a receiver via a number of
propagation paths. The  characteristics of the
propagation paths typically vary over time due to a
number  of factors such as fading and multipath. To
provide diversity against deleterious  path effects and
improve performance, multiple transmit and receive
antennas  may be used. A multiple-input multiple-output
(MIMO) communication system  employs multiple (NT)
transmit antennas and multiple (NR) receive antennas
for  data transmission. A MIMO channel formed by the NT
transmit and NR receive  antennas may be decomposed
into NS independent channels, with  NS 5 min {NT, NR}.
Each of the Ns independent channels may also be
referred  to as a spatial subchannel (or a transmission
channel) of the MI MO channel and  corresponds to a
dimension. [0004] If the propagation paths between the
transmit and receive antennas  are linearly independent
(i.e., a transmission on one path is not formed as a
linear combination of the transmissions on the other
paths), which is generally  true to at least an extent,
then the likelihood of correctly receiving a data
transmission increases as the number of antennas
increases. Generally,  diversity increases and
performance improves as the number of transmit and
receive antennas increases WO 2005/117321
PCT/US2005/015041  2 



[0005] To further improve the diversity of the channels
a transmit diversity  technique may be utilized. Many
transmit diversity techniques have been  explored. One
such technique is transmit delay diversity. In transmit
delay  diversity a transmitter utilizes two antennas
that transmit the same signal, with  the second antenna
transmitting a delayed replica of that transmitted by
the first  antenna. By so doing, the second antenna
creates diversity by establishing a  second set of
independent multipath elements that may be collected at
the  receiver. If the multipath generated by the first
transmitter fades, the multipath  generated by the
second transmitter may not, in which case an acceptable
Signal-To-Noise Ratio (SNR) will be maintained at the
receiver. This technique  is easy to implement, because
only the composite TXO+TX1 channel is  estimated at the
receiver. The biggest drawback to transmit delay
diversity is  that it increases the effective delay
spread of the channel, and can perform  poorly when the
multipath introduced by the second antenna falls upon,
and  interacts destructively with, the multipath of the
first antenna, thereby reducing  the overall level of
diversity. (0006] To deal with standard delay diversity
problems, additional delay  diversity techniques have
been developed. One such technique is referred to  as
cyclic delay diversity. A cyclic delay is one where the
samples of each  symbol of the n1 symbols are shifted
in the order in which they are transmitted  as part of
the symbol. Those samples that are beyond the effective
part of the  symbol are transmitted in the beginning of
that symbol. In such a technique, a  prefix is
pre-pended to each sample that fixes a delay, or order,
for transmitting  the sample from the specific antenna
as part of the symbol. The cyclic delays  allow for
longer delays, however, which would otherwise be
limited to fractions  of the guard interval period to
avoid inter-symbol interference. [0007] A cyclic delay
diversity scheme may introduce frequency selectivity
in the channel and hence may provide diversity benefit
for flat channels. It does  not provide, however, any
time diversity when the channel is not in and of itself
time selective. For example, if two transmit antennas
are in slow fading or static  channels, the cyclic
shift A", may be such that the two channels, e.g. H1(n)
and  HZ(n), add up destructively (or constructively)
all the time. 3  



Therefore, it is desired to provide a delay diversity
scheme which reduces the possibility of destructive or
constructive addition of the channels utilized to
provide diversity.  SUMMARY  5 In a first aspect of the
present invention there is provided a method for
providing transmission diversity in a multi-channel
communication system, including: providing, to a first
antenna, a first symbol including a first plurality of
samples;  providing, to a second antenna, the first
symbol after a first delay period; providing, to the
first antenna, a second symbol including a second
plurality of samples;  10 providing, to the second
antenna, the second symbol after a second delay period
that is  different than the first delay period;
providing, to the first antenna, a third symbol
including a third plurality of samples;  providing, to
the second antenna, the third symbol after a third
delay period that is different  than the first delay
period and the second delay period, each of the symbols
including a cyclic prefix 15 of one or more samples,
wherein time diversity is provided even if a channel is
not of itself time  selective. In a second aspect of
the present invention there is provided a transmitter
including:  at least two antennas; a modulator coupled
with the at least two antennas; and 20 a delay circuit
coupled between the modulator and one of the at least
two antennas, the delay  circuit delaying symbols
output from the modulator to the antenna by a delay
period that varies over  time, each of the symbols
including a cyclic prefix of one or more samples,
wherein time diversity is  provided even if a channel
is not of itself time selective. In a third aspect of
the present invention there is provided a wireless
transmitter, including:  25 at least two antennas; and
a memory coupled with the at least two antennas, the
memory storing a plurality of symbols each including a
plurality of samples, wherein the memory outputs the
plurality of samples of  a first symbol of the
plurality of symbols after a first delay to one antenna
of the at least two antennas  and a second symbol of
the plurality of symbols after a second delay to the
one antenna, wherein the 30 first delay and the second
delay are different, each of the symbols including a
cyclic prefix of one or  more samples, wherein time
diversity is provided even if a channel is not of
itself time selective. In a fourth aspect of the
present invention there is provided a transmitter for
transmitting a  plurality of symbols, including: a
plurality of antennas; 



35 a modulator coupled to the plurality of antennas
that modulates a plurality of symbols for  transmission
over the plurality of antennas; and means for providing
a delay of each symbol output by the modulator and for
varying the delay 4  between consecutive symbols output
by the modulator, each of the symbols including a
cyclic prefix  of one or more samples, wherein time
diversity is provided even if a channel is not of
itself time  selective, In a fifth aspect of the
present invention there is provided a transmitter
including:  5 at least three antennas; a modulator
coupled to the at least three antennas; a first delay
circuit coupled between the modulator and one of the at
least three antennas, the first delay circuit delaying
symbols output from the modulator to the antenna by a
delay period that  varies over time; 10 a second delay
circuit coupled between the modulator and another of
the at least three  antennas, the second delay circuit
delaying symbols output from the modulator to the
another antenna  by another delay period that varies
over time, wherein the another delay period and the
delay period are different, each of the symbols
including a cyclic prefix of one or more samples,
wherein time diversity is provided even if a channel
15 is not of itself time selective. In a sixth aspect
of the present invention there is provided a method for
providing  transmission diversity in a multi-channel
communication system, including: applying a first phase
shift to a first symbol to be transmitted on a first
antenna, the first  symbol including a first plurality
of samples; and 20 applying a second phase shift,
different than the first phase shift, to the first
symbol to be  transmitted on a second antenna, the
first symbol including a cyclic prefix of one or more
samples,  wherein time diversity is provided even if a
channel is not of itself time selective. In a seventh
aspect of the present invention there is provided a
transmitter including:  at least two antennas; 25 a
modulator coupled with the at least two antennas; and a
phase shift circuit coupled between the modulator and
one of the at least two antennas, the  phase shift
circuit applying a phase shift to symbols output by the
modulator to the antenna by a phase  shift that varies
over time, each of the symbols including a cyclic
prefix of one or more samples,  wherein time diversity
is provided even if a channel is not of itself time
selective. 



30 In an eighth aspect of the present invention there
is provided a processor-readable memory  having
instructions thereon, the instructions including: code
for providing, to a first antenna, a first symbol
including a first plurality of samples;  code for
providing, to a second antenna, the first symbol after
a first delay period; code for providing, to the first
antenna, a second symbol including a second plurality
of  35 samples; code for providing, to the second
antenna, the second symbol after a second delay period
that  is different than the first delay period; 4a
code for providing, to the first antenna, a third
symbol including a third plurality of samples;  and
code for providing, to the second antenna, the third
symbol after a third delay period that is  different
than the first delay period and the second delay
period, each of the symbols including a cyclic  5
prefix of one or more samples, wherein time diversity
is provided even if a channel is not of itself time
selective. BRIEF DESCRIPTION OF THE DRAWINGS The
features, nature, and advantages of the present
invention will become more apparent from  10 the
detailed description set forth below when taken in
conjunction with the drawings in which like  reference
characters identify correspondingly throughout and
wherein: FIG. I illustrates a block diagram of an
embodiment of a transmitter system and a receiver
system in a MIMO system; FIG, 2 illustrates a block
diagram of an embodiment of a transmitter unit that
provides time- 15 varying delay diversity; FIG. 3
illustrates an embodiment of a time varying delay
applied to symbols transmitted from  a same antenna;
FIG. 4 illustrates an embodiment of a time varying
delay applied to a symbol transmitted on  multiple
antennas; 20 FIG. 5 illustrates a block diagram of
another embodiment of a transmitter unit that provides
time-varying delay diversity; FIG. 6 illustrates a
block diagram of an embodiment of a receiver unit
capable of utilizing  time-varying delay diversity;
FIG. 7 illustrates a block diagram of an embodiment of
a delay element; 25 FIG. S illustrates a flow chart of
an embodiment of a method for providing time-varying  



diversity; FIG. 9 illustrates a block diagram of a
further embodiment of a transmitter unit that provides
time-varying delay diversity; and FIG. 10 illustrates a
flow chart of a further embodiment of a method for
providing time- 30 varying diversity, DETAILED
DESCRIPTION The detailed description set forth below in
connection with the appended drawings is intended  as a
description of exemplary embodiments and is not
intended to represent the only embodiments in  35 which
the present WO 2005/117321 PCT/1J82005/015041  5
invention can be practiced, The term "exemplary" used
throughout this  description means "serving as an
example, instance, or illustration," and should  not
necessarily be construed as preferred or advantageous
over other  embodiments. The detailed description
includes specific details for the purpose  of providing
a thorough understanding of the present invention.
However, it will  be apparent to those skilled in the
art that the present invention may be  practiced
without these specific details. In some instances, well
known  structures and devices are shown in block
diagram form in order to avoid  obscuring the concepts
of the present invention. [0027] Multi-channel
communication systems include multiple-input
multiple-output (MIMO) communication systems,
orthogonal frequency division  multiplexing (OFDM)
communication systems, MIMO systems that employ  OFDM
(i.e., MIMO-OFDM systems), and other types of
transmissions. For  clarity, various aspects and
embodiments are described specifically for a MIMO
system. [0028] A MIMO system employs multiple (NT)
transmit antennas and  multiple (NR) receive antennas
for data transmission. A MIMO channel formed  by the NT
transmit and NR receive antennas may be decomposed into
NS  independent channels, with N. smin{NT,NR}. Each of
the Ns independent  channels may also be referred to as
a spatial subchannel (or transmission  channel) of the
MIMO channel. The number of spatial subchannels is
determined by the number of eigenmodes for the MIMO
channel, which in turn is  



dependent on a channel response matrix, H, that
describes the response  between the NT transmit and NR
receive antennas. The elements of the channel  response
matrix, H, are composed of independent Gaussian random
variables  (hi ,j), for i=1, 2, ... N. and j=1, 2, ...
NT, where Iz;, is the coupling (i.e., the  complex
gain) between the j-th transmit antenna and the i-th
receive antenna.  For simplicity, the channel response
matrix, H, is assumed to be full-rank (i.e.,  NS = NT 5
NR ), and one independent data stream may be
transmitted from each  of the Nr transmit antennas.
[0029] FIG. I is a block diagram of an embodiment of a
transmitter system  110 and a receiver system 150 in a
MIMO system 100. At transmitter system WO 2005/117321
PCT/US2005/015041  6 110, traffic data for a number of
data streams is provided from a data source  112 to a
transmit (TX) data processor 114. In an embodiment,
each data  stream is transmitted over a respective
transmit antenna. TX data processor  114 formats,
codes, and interleaves the traffic data for each data
stream based  on a particular coding scheme selected
for that data stream to provide coded  data. [0030] The
coded data for each data stream may be multiplexed with
pilot  data using, for example, time division
multiplexing (TDM) or code division  multiplexing
(CDM). The pilot data is typically a known data pattern
that is  processed in a known manner (if at all), and
may be used at the receiver system  to estimate the
channel response. The multiplexed pilot and coded data
for  each data stream is then modulated (i.e., symbol
mapped) based on a particular  modulation scheme (e.g.,
BPSK, QSPK, M-PSK, or M-QAM) selected for that  data
stream to provide modulation symbols. The data rate,
coding, and  modulation for each data stream may be
determined by controls provided by a  processor 130.
[0031] The modulation symbols for all data streams are
then provided to a  TX MIMO processor 120, which may
further process the modulation symbols  (e.g., for
OFDM). TX MIMO processor 120 then provides NT
modulation symbol  streams to NT transmitters (TMTR)
122a through 122t. Each transmitter 122  receives and
processes a respective symbol stream to provide one or
more  



analog signals, and further conditions (e.g.,
amplifies, filters, and upconverts)  the analog signals
to provide a modulated signal suitable for transmission
over  the MIMO channel. NT modulated signals from
transmitters 122a through 122t  are then transmitted
from NT antennas 124a through 124t, respectively.
[0032] At receiver system 150, the transmitted
modulated signals are  received by NR antennas 152a
through 152r, and the received signal from each
antenna 152 is provided to a respective receiver (RCVR)
154. Each receiver  154 conditions (e.g., filters,
amplifies, and downconverts) a respective received
signal, digitizes the conditioned signal to provide
samples, and further  processes the samples to provide
a corresponding "received" symbol stream.  [0033] An RX
MIMO/data processor 160 then receives and processes the
NR received symbol streams from NR receivers 154 based
on a particular  receiver processing technique to
provide NT "detected" symbol streams. The WO
2005/117321 PCTIUS2005/015041 7  processing by RX
MIMO/data processor 160 is described in further detail
below.  Each detected symbol stream includes symbols
that are estimates of the  modulation symbols
transmitted for the corresponding data stream. RX
MIMO/data processor 160 then demodulates,
deinterleaves, and decodes each  detected symbol stream
to recover the traffic data for the data stream. The
processing by RX MIMO/data processor 160 is
complementary to that  performed byTX MIMO processor
120 and TX data processor 114 at transmitter  system
110. [0034] RX MIMO processor 160 may derive an
estimate of the channel  response between the NT
transmit and NR receive antennas, e.g., based on the
pilot multiplexed with the traffic data. The channel
response estimate may be  used to perform space or
space/time processing at the receiver. RX MIMO
processor 160 may further estimate the
signal-to-noise-and-interference ratios  (SNRs) of the
detected symbol streams, and possibly other channel
characteristics, and provides these quantities to a
processor 170. RX  MIMO/data processor 160 or processor
170 may further derive an estimate of  the "operating"
SNR for the system, which is indicative of the
conditions of the  communication link. Processor 170
then provides channel state information  



(CSI), which may comprise various types of information
regarding the  communication link and/or the received
data stream. For example, the CSI may  comprise only
the operating SNR. The CSI is then processed by a TX
data  processor 178, modulated by a modulator 180,
conditioned by transmitters 154a  through 154r, and
transmitted back to transmitter system 110. [0035] At
transmitter system 110, the modulated signals from
receiver  system 150 are received by antennas 124,
conditioned by receivers 122,  demodulated by a
demodulator 140, and processed by a RX data processor
142  to recover the CSI reported by the receiver
system. The reported CSI is then  provided to processor
130 and used to (1) determine the data rates and coding
and modulation schemes to be used for the data streams
and (2) generate  various controls for TX data
processor 114 and TX MIMO processor 120. [0036]
Processors 130 and 170 direct the operation at the
transmitter and  receiver systems that they are coupled
with including the appropriate transmit  and receive
data processors. Memories 132 and 172 provide storage
for  program codes and data used by processors 130 and
170, respectively. WO 2005/117321 PCTILIS2005/015041  8
[0037] The model for an OFDM MIMO system may be
expressed as:  y=Hx+n Eq(1)  where y is the received
vector, i.e., y = [y, y2 ... yv, ]",where {y,)  is the
entry received on the i-th received antenna and  i e
{1, ..., NR} ; x is the transmitted vector, i.e., x =
[x, x2 ... x. ]T, where {xI} is the entry transmitted
from the j-th transmit antenna and  je{I,...,NT}; H is
the channel response matrix for the MIMO channel; n is
the additive white Gaussian noise (AWGN) with a mean
vector of 0 and a covariance matrix of An =o-2I, where
0 is a  vector of zeros, I is the identity matrix with
ones along the  diagonal and zeros everywhere else, and
v2 is the variance of the  noise; and [.]T denotes the
transpose of [.]. 



Due to scattering in the propagation environment, the
NT symbol streams  transmitted from the NT transmit
antennas interfere with each other at the  receiver. In
particular, a given symbol stream transmitted from one
transmit  antenna may be received by all NR receive
antennas at different amplitudes and  phases. Each
received signal may then include a component of each of
the NT  transmitted symbol streams. The NR received
signals would collectively include  all NT transmitted
symbols streams. However, these NT symbol streams are
dispersed among the NR received signals. [0038] At the
receiver, various processing techniques may be used to
process the NR received signals to detect the NT
transmitted symbol streams.  These receiver processing
techniques may be grouped into two primary  categories:
spatial and space-time receiver processing techniques
(which are  also referred to as equalization
techniques), and WO 2005/117321 PCT/1JS2005/015041  9
"successive nulling/equalization and interference
cancellation"  receiver processing technique (which is
also referred to as "successive  interference
cancellation" or "successive cancellation" receiver
processing technique). [0039] FIG. 2 is a block diagram
of a portion of a transmitter unit 200, which  may be
an embodiment of the transmitter portion of a
transmitter system, e.g.  such as transmitter system
110 in FIG. 1. In one embodiment, a separate data  rate
and coding and modulation scheme may be used for each
of the NT data  streams to be transmitted on the NT
transmit antennas (i.e., separate coding and
modulation on a per-antenna basis). The specific data
rate and coding and  modulation schemes to be used for
each transmit antenna may be determined  based on
controls provided by processor 130, and the data rates
may be  determined as described above. [0040]
Transmitter unit 200 includes, in one embodiment, a
transmit data  processor 202 that receives, codes, and
modulates each data stream in  accordance with a
separate coding and modulation scheme to provide
modulation symbols and transmit MIMO Transmit data
processor 202 and  



transmit data processor 204 are one embodiment of
transmit data processor  114 and transmit MIMO
processor 120, respectively, of FIG. 1. [0041] In one
embodiment, as shown in FIG. 2, transmit data processor
202 includes demultiplexer 210, NT encoders 212a
through 212t, and NT  channel, interleavers 214a
through 214t (i.e., one set of demultiplexers,
encoders, and channel interleavers for each transmit
antenna). Demultiplexer  210 demultiplexes data (i.e.,
the information bits) into NT data streams for the NT
transmit antennas to be used for data transmission. The
NT data streams may  be associated with different data
rates, as determined by rate control  functionality,
which in one embodiment may be provided by processor
130 or  170 (FIG. 1). Each data stream is provided to a
respective encoder 212a  through 212t. [0042] Each
encoder 212a through 212t receives and codes a
respective  data stream based on the specific coding
scheme selected for that data stream  to provide coded
bits. In one embodiment, the coding may be used to
increase  the reliability of data transmission. The
coding scheme may include in one WO 2005/117321
PCT/US2005/015041  10 embodiment any combination of
cyclic redundancy check (CRC) coding,  convolutional
coding, Turbo coding, block coding, or the like. The
coded bits  from each encoder 212a through 212t are
then provided to a respective channel  interleaver 214a
through 214t, which interleaves the coded bits based on
a  particular interleaving scheme. The interleaving
provides time diversity for the  coded bits, permits
the data to be transmitted based on an average SNR for
the  transmission channels used for the data stream,
combats fading, and further  removes correlation
between coded bits used to form each modulation symbol.
[0043] The coded and interleaved bits from each channel
interleaver 214a  through 214t are provided to a
respective symbol mapping block 222a through  2221, of
transmit MIMO processor 204, which maps these bits to
form  modulation symbols. [0044] The particular
modulation scheme to be implemented by each  symbol
mapping block 222a through 222t is determined by the
modulation  control provided by processor 130. Each
symbol mapping block 222a through  



222t groups sets of qj coded and interleaved bits to
form non-binary symbols,  and further maps each
non-binary symbol to a specific point in a signal
constellation corresponding to the selected modulation
scheme (e.g., QPSK, M- PSK, M-QAM, or some other
modulation scheme). Each mapped signal point
corresponds to an M1ary modulation symbol, where M1
corresponds to the  specific modulation scheme selected
for the j-th transmit antenna and Mi = 29j .  Symbol
mapping blocks 222a through 222t then provide NT
streams of  modulation symbols. [0045] In the specific
embodiment illustrated in FIG. 2, transmit MIMO
processor 204 also includes a modulator 224 and inverse
Fast Fourier transform  (IFFT) block 226a through 226t,
along with symbol mapping blocks 222a  through 222t.
Modulator 224 modulates the samples to form the
modulation  symbols for the NT streams on the proper
subbands and transmit antennas. In  addition modulator
224 provides each of the NT symbol streams at a
proscribed  power level. In one embodiment, modulator
224 may modulate symbols  according to a hopping
sequence controlled by a processor, e.g. processor 130
or 170. In such an embodiment, the frequencies with
which the NT symbol WO 20051117321 PCT/US20051015041
11 streams are modulated may vary for each group or
block of symbols, frame, or  portion of a frame of a
transmission cycle. [0046] Each IFFT block 226a through
226t receives a respective  modulation symbol stream
from modulator 224. Each IFFT block 226a through  226t
groups sets of NF modulation symbols to form
corresponding modulation  symbol vectors, and converts
each modulation symbol vector into its time- domain
representation (which is referred to as an OFDM symbol)
using the  inverse fast Fourier transform. IFFT blocks
226a through 226t may be designed  to perform the
inverse transform on any number of frequency
subchannels (e.g.,  8, 16, 32, ... , NF, ). [0047] Each
time-domain representation of the modulation symbol
vector  generated by IFFT blocks 226a through 226t is
provided to an associated cyclic  prefix generator 228a
through 228t. The cyclic prefix generators 228a through
228t pre-pending a prefix of a fixed number of samples,
which are generally a  



number of samples from the end of the OFDM symbol, to
the Ns samples that  constitute an OFDM symbol to form
a corresponding transmission symbol. The  prefix is
designed to improve performance against deleterious
path effects such  as channel dispersion caused by
frequency selective fading. Cyclic prefix  generators
228a through 228t then provide a stream of transmission
symbols to  an associated delay element 230a through
230t-1. [0048] Each delay element 230a through 230t-1
provides a delay to each  symbol that is output from
cyclic prefix generators 228a through 228t. In one
embodiment, the delay provided by each delay element
230a through 230t-1  varies in time. In one embodiment,
this delay is such that the delay varies  between
consecutive symbols output by the cyclic prefix
generator or  consecutive symbols that are to be
consecutively transmitted from the  transmitter unit
200. In other embodiments, the delay may vary between
groups  of two, three, four, or more symbols with each
symbol within the group having a  same delay. In
additional embodiments, all of the symbols in a frame
or burst  period would have a same delay with each
frame or burst period having a  different delay for
each symbol than a preceding or following frame or
burst  period. [0049] Also, in the embodiment depicted
in Fig. 2, the delay provided by  each delay element
230a through 230t-1 is different than the delay
provided by WO 2005/117321 PCT/US2005/015041  12 each
other delay element. Further, while Fig. 2 depicts that
cyclic prefix  generator 228a is not coupled to a delay
element, other embodiments may  provide a delay element
to the output of each of the cyclic prefix generators
228a through 228t. [0050] The symbols output by delay
elements 230a through 230t-1 are  provided to an
associated transmitter 232a through 232t which causes
the  symbols to be transmitted by antennas 232a through
232t according to the  delay provided by delay elements
230a through 230t-1. [0051] As stated above, in one
embodiment, the time varying delay A,,  provided by
each delay element 230a through 230t- varies with time.
In one  embodiment, the i-th OFDM symbol is transmitted
as a transmitted symbol from  



antenna m according a delay of Eq. 2: 1 "-' (Eq.2)
s((k-A,~)modN) Yxne J(2x/N)nd (i) e7(2n1x) -IFN .-0 The
resulting overall channel in this case may be described
as "' (Eq. 3)  H(i n)=YH,~(i n)e J1zn;")"n"p) m=1 where
H,,,(i,n) is the channel n-th discrete Fourier
Transform (DFT) coefficient  for the channel impulse
response from the m-th transmitting antenna to the
receiving antenna. [0052] The use of this time varying
delay can introduce both frequency  selectivity and
time selectivity into the channel that may be utilized
to improve  performance. For example, by using time
varying delays for transmission  symbols across
different sub-carriers and different OFDM symbols, both
the  time selectivity and frequency selectivity can
simultaneously be provided.  Moreover, in the case of
transmission to multiple users, the time variation of
the  channel that is provided by varying the delay for
symbols can be exploited to  provide diversity gains to
each of the multiple users, since each user's receiver
will have different channel conditions than each other
user's receiver. [0053] In one embodiment, the delay
A(i) may be changed in a linear  fashion with time with
each consecutive, or group of consecutive symbols,
being  delayed by n*/3 samples, where A is a constant
and n varying from 0, 1, ,N-1,  where N is the number
of symbols in a frame, burst period, or symbol stream.
WO 2005/117321 PCT/US2005/015041  13 In another
embodiment, the delay Am(i) may be a random delay,
based upon a  pseudo random sequence, with respect to
an adjacent channel, i.e. antenna, of  the NT antennas,
a preceding and/or following symbol. In an additional
embodiment, the delay may be varied by f(x) where f is
a function such as a  sine, cosine, or other time
varying function, and x varies from 0,1,,N-1 or  some
multiples thereof, where N is the number of symbols in
a frame, burst  period, or symbol stream. In each of
the previous embodiments, the delay may  



also be changed based on feedback information, in which
case the receiver  sends back a channel quality
indicator that describes the overall channel
conditions and An,(i) is changed to improve the overall
quality. [0054] Referring to Fig. 3, an embodiment of a
time varying delay applied  to symbols transmitted from
a same antenna is illustrated. Symbols S1, S2, S3,  and
S4 are generated to be transmitted during consecutive
time. slots T1, T2, T3,  and T4 respectively. Each
symbol S1, S2, S3, and S4 comprises nine samples  N31,
Ns2, Ns3, Ns4, N85, Nss, Ns7, Ns8, Nss, and a
two-sample cyclic prefix Nc1  and Nc2, which are
samples Ns8, and Ns9 respectively. It should be noted
that  the content of each sample may be different for
each of the symbols. It should  be noted that the
samples Ns1, Ns2, Ns3, Ns4, Nss, Nss, N37 Nsa, Ns8 are
to be  combined to form symbol S. in the order of N31,
Ns2, Ns3, Ns4, Nss, Ns6, N57,  Ns8, Nss. [0055] The
delay element, e.g. delay element 230a, then provides a
delay  to the symbol S1, S2, S3, and S4 that are
transmitted from the same antenna. In  the embodiment
depicted in Fig. 3, the delay for symbol Si is one
sample period  t1. The next symbol S2, which is to be
transmitted on the same antenna  immediately after
symbol S1, is delayed by two sample periods t1 and t2.
The  next symbol S3, which is to be transmitted on the
same antenna immediately  after symbol S2, is delayed
by three sample periods t1, t2, and t3. The next
symbol S4, which is to be transmitted on the same
antenna immediately after  symbol S3, is delayed by
four sample periods t1, t2, t3, and t4. If additional
symbols are to be transmitted on the same antenna, the
next consecutive  symbol would be transmitted with a
delay of five sample periods t1, t2, t3, t4, and  t5.
In this way, a linear time varying delay may be applied
to transmission from  an antenna, which may or may not
be part of a MIMO system. WO 2005/117321
PCT/1IS2005/015041  14 [0056] It should be noted the
linear variation of the delay period need not  be
sequential by one sample period, but may be sequential
by 2 or more  sample periods as well, e.g. the first
symbol S1 may be delayed by three sample  periods, the
second symbol S2 is delayed by six sample periods, the
third  symbol S3 is delayed by nine sample periods, and
the fourth symbol S4 is  



delayed by twelve sample periods. Also, the linear
variation need not vary  between each consecutive
symbol but for groups of symbols, e.g. symbols S1  and
S2 are each delayed by one sample period and symbols
S3, and S4 are  each delayed by two or more sample
periods. [0057] Referring to Fig. 4, an embodiment of a
time varying delay applied  to a symbol transmitted on
multiple antennas is illustrated. A same symbol S1 is
to be transmitted from antennas A,, A2, A3, and A4.
Symbol Si comprises nine  samples Ns1, Ns2, Ns3, Ns4,
N35, N35, N57, Ns3, N39, and a two-sample cyclic
prefix Nc1 and Nc2, which are samples Ns, and Nsg
respectively. From first  antenna A, symbol S1 is not
delayed by any sample periods. From second  antenna A2,
symbol S, is delayed by.one sample period t1. From
third antenna  A3, symbol S, is delayed by two sample
periods t, and t2. From fourth antenna  A4, symbol Si
is delayed by three sample periods t1, t2, and t3. As
such, time  and frequency diversity may be provided in
a MIMO system in addition to the  spatial diversity
provided by antennas A1, A2, A3, and A4 [0058] The time
diversity provided for the scheme depicted in Fig. 4,
and  variations thereof, provides a reduction in the
likelihood of collisions by the  same samples of a same
symbol thereby minimizing the possibility of
destructive or constructive addition of the channels.
[0059] It should be noted that the delay variation
between a same symbol  transmitted on a same antenna
need not be linear or even related to the delay  on the
other antennas, so long as if the symbol is to be
transmitted substantially  simultaneously, it should be
delayed by a different amount on each antenna.  [0060]
It should be noted that, the order utilized need not
correspond to the  number of antennas and may vary for
smaller groups or in a larger number than  the number
of antennas. [0061] In addition, as discussed with
respect to Fig. 2, the delay may be  random and may be
based on a function such as a sine, cosine, or other
function. In some embodiments, the delay period is
limited to a number of WO 2005/117321 PCT/U52005/015041
15 samples in a symbol, where the delay period may be
repeated after a fixed or  random number of symbols.
Also, it should be noted that the delay between  



symbols can be fractions of sample periods and is not
limited to being multiples  of entire sample periods.
The fractional delay may be implemented, in one
embodiment, by using fractions of clock periods of the
one or more clocks of  transmitter unit 200. [0062]
Referring to Fig. 5, a block diagram of another
embodiment of a  transmitter unit that provides
time-varying delay diversity is illustrated.
Transmitter unit 500 is substantially identical to
transmitter unit 200. In addition,  scaling circuits
554a through 554t-1 are each coupled to an output of
one of the  delay elements 530a through 530t-1. Scaling
circuits 534a through 534t-1  provide a fixed scalar
shift to the delay provided by each of the delay
elements  530a through 530t-1. For example, a fixed
shift is applied to each delay so that,  for example if
a constant shift of 0.5 is applied then a one sample
period delay  would be 0.5 samples periods, a
two-sample period delay would be one sample  period,
and a five sample period delay would be two and a half
sample periods.  In one embodiment, each of scaling
circuits 554a through 554t-1 provides a shift  that is
different than each other scaling circuit. In one
embodiment, a linear  progression is provided across
scaling circuits 554a through 534t-1 that is  scaling
circuit 554a provides a shift less than, 554b, which is
less than 554c,  etc. [0063] It should be noted that
while Fig. 5, depicts that cyclic prefix  generator
228a is not coupled to a delay element, other
embodiments may  provide a delay element to the output
of each of the cyclic prefix generators  228a through
228t. Also, while Fig. 5, depicts that cyclic prefix
generator 228a  is not coupled to a scaling circuit,
other embodiments may provide a scaling  circuit to the
output of each of the cyclic prefix generators 228a
through. 228t,  regardless of whether a delay circuit
is coupled to the cyclic prefix generator,  [0064]
Referring to Fig. 6, a block diagram of an embodiment
of a receiver  unit capable of utilizing time-varying
delay diversity is illustrated. The  transmitted
signals are received by antennas 602a through 602r and
processed  by receivers 604a through 604r,
respectively, to provide NR sample streams,  which are
then provided to an RX processor 606. WO 2005/117321
PCT/US2005/015041  16 



[0065] Within demodulator 608, cyclic prefix removal
element 612a through  612r and FFT blocks 614a through
614r provide NR symbol streams. Cyclic  prefix removal
elements 612a through 612r remove the cyclic prefix
included in  each transmission symbol to provide a
corresponding recovered OFDM symbol.  [0066] FFT blocks
614a through 614r then transform each recovered  symbol
of the symbol stream using the fast Fourier transform
to provide a vector  of NF recovered modulation symbols
for the NF frequency subchannels for each  transmission
symbol period. FFT blocks 614a through 614r provide NR
received  symbol streams to a spatial processor 620.
[0067] Spatial processor 620 performs spatial or
space-time processing on  the NR received symbol
streams to provide NT detected symbol streams, which
are estimates of the NT transmitted symbol streams.
Spatial processor 620 may  implement a linear ZF
equalizer, a channel correlation matrix inversion
(CCMI)  equalizer, a minimum mean square error (MMSE)
equalizer, an MMSE linear  equalizer (MMSE-LE), a
decision feedback equalizer (DFE), or some other
equalizer, which are described and depicted in U.S.
Patent Application Serial  Nos. 091993,087, 09/854,235,
09/826,481, and 091956,444 each of which is
incorporated herein by reference in their entireties.
[0068] Spatial processor 620 may be capable of
compensating for the time  varying delay provided by
the delay elements and/or scaling circuit of the
transmitters, which are discussed with respect to Figs.
2 and 5. This  compensation may be provided, in one
embodiment, by having the delay  scheme, e.g. linear,
random according to a pseudo random sequence, or
function, known a priori by the receiver unit 600. This
knowledge may be  provide, for example, by having a
same scheme utilized by all transmitters or  providing
information as to the scheme utilized as part of the
initialization of  communication between the
transmitter and receiver unit 600. [0069] A
multiplexerldemultiplexer 622 then
multiplexes/demultiplexes the  detected symbols, and
provides ND aggregated detected symbol streams for the
ND data streams to ND symbol demapping elements 624a
through 624r. Each  symbol demapping element 624a
through 624r then demodulates the detected  symbols in
accordance with a demodulation scheme that is
complementary to  the modulation scheme used for the
data stream. The ND demodulated data 



WO 200511.17321 PCT/US2005/015041  17 streams from No
symbol demapping elements 624a through 624r are then
provided to a RX data processor 610. [0070] Within RX
data processor 610, each demodulated data stream is
de-interleaved by a channel de-interleaver 632a through
632r in a manner  complementary to that performed at
the transmitter system for the data stream,  and the
de-interleaved data is further decoded by a decoder
634a through 634r  in a manner complementary to that
performed at the transmitter system. For  example, a
Turbo decoder or a Viterbi decoder may be used for
decoder 634a  through 634r if Turbo or convolutional
coding, respectively, is performed at the  transmitter
unit. The decoded data stream from each decoder 634a
through  634r represents an estimate of the transmitted
data stream. Decoders 634a  through 634r may also
provide the status of each received packet (e.g.,
indicating whether it was received correctly or in
error). Decoder 634a through  634r may further store
demodulated data for packets not decoded correctly, so
that this data may be combined with data from a
subsequent incremental  transmission and decoded.
[0071] In the embodiment shown in FIG. 6, a channel
estimator 640  estimates the channel response and the
noise variance and provides these  estimates to
processor 650. The channel response and noise variance
may be  estimated based on the detected symbols for the
pilot. [0072] Processor 650 may be designed to perform
various functions  related to rate selection. For
example, processor 650 may determine the  maximum data
rate that may be used for each data stream based on the
channel estimates and other parameters such as the
modulation scheme.  [0073] Referring to Fig. 7, a block
diagram of an embodiment of a delay  element is
illustrated. A processor 700 is coupled via a bus 702
with a memory  704. Memory 704 is utilized to store
samples of time-domain representations of  the
modulation symbols that are provided for transmission.
The samples of  each symbol are stored in memory
locations that are known to processor 700.  Processor
700 can then instruct memory 704 to output the samples
of each  symbol utilizing any desired time varying
delay for consecutive, groups, or  



frames or burst periods of symbols. [0074] As described
with respect to Figs. 3 and 4, the delay for each
symbol may vary between each symbol, for groups of
symbols that are to be WO 2005/117321 PCT/US2005/015041
18 transmitted contiguously, and between symbols in
different frames or bursts  periods. The use of a
memory allows for any predetermined or adaptive  scheme
to be utilized for delaying provision of the symbols
and therefore  providing time diversity that may be
varied based upon channel conditions as  well as
pre-determined schemes, e.g. a linear variation. [0075]
Referring to Fig. 8, a flow chart of an embodiment of a
method for  providing time-varying delay diversity is
illustrated. Samples of that represent  one or more
modulated symbols after being subject to an inverse
Fast Fourier  transform are provided, block 800. A
cyclic prefix is then pre-pended to each of  the
modulated symbols, block 802. The size of the prefix
may vary as desired,  and in one embodiment may be
thirty-two or more samples. [0076] The samples
including the cyclic prefix are then stored in a
memory,  block 804, which in one embodiment may be a
buffer. In one embodiment, the  samples for each
modulated symbol are stored in memory according to the
order in which they are provided after pre-pending of
the cyclic prefix. In other  embodiments, the samples
of each modulated symbol may be stored in any  order
that is desired. A first symbol to be transmitted for a
symbol is removed  according to a first delay N, block
806. The next symbol to be transmitted is  then removed
according a second delay, which is different than the
first delay,  block 808. The second delay, and
additional delays for later symbols, may be  delays of
N+13, where $ may be a linear increase or decrease from
N, a random  change from N, or be the result of some
function. [0077] A determination is then made as to
whether of the symbols that  need to be delayed have
been transmitted or otherwise utilized, block 810. If
not, additional delays are provided to the output of
further symbols from the  memory or buffer according to
the same time variance, block 808. If yes, then  the
process ceases, and additional symbols are provided as
discussed with  respect blocks 800-804, block 812. 



[0078] Referring to Fig. 9, a block diagram of a
further embodiment of a  transmitter unit that provides
time-varying delay diversity is illustrated.
Transmitter unit 900 is substantially identical to
transmitter unit 200. However,  instead of utilizing
delay element 230a through 230t-1 coupled to an output
of  IFFT blocks 226a through 226t, phase shift circuits
930a through 930t-1 are  coupled before an input of
IFFT blocks 926a through 926t, in they receive the WO
2005/117321 PCT/US20051015041  19 output of modulator
924. Phase shift circuits 930a through 930t-provide a
time- varying phase shift to the samples of each
symbol. For example, phase shift  circuit 930a may
provide a phase shift (01 to the samples of a first
symbol and a  phase shift CDi to the samples of a next
or later symbol output by the modulator.  The samples
of a later symbol may have a phase shift of a different
or same  amount. This phase shift, may operate as a
delay in the time domain, after  application of the
IFFT by IFFT blocks 926a through 926t. [0079] Each
phase shift circuit 930a through 930t may provide a
different  phase shift than each other phase shift
circuit 930a through 930t, so that a  delay of a same
symbol transmitted from multiple antennas is different
from  each antenna. The variance may or may not be a
function of the phase shift  applied with respect to
any other antenna. [0080] In one embodiment, the phase
shift provided by each phase shift  circuit 930a
through 930t is such that the phase shift varies
between  consecutive symbols output by the modulator.
In other embodiments, the phase  shift may vary between
groups of two, three, four, or more symbols with each
symbol within the group having a same phase shift. In
additional embodiments,  all of the symbols in a frame
or burst period would have a same phase shift with
each frame or burst period having a different phase
shift for each symbol than a  preceding or following
frame or burst period. [0081] It should be noted that
while Fig. 9, depicts that a phase shift circuit  is
not coupled to cyclic prefix generator 928a, other
embodiments may provide a  phase shift circuit to the
output of each of the cyclic prefix generators 928a
through 928t. [0082] In some embodiment, the modulator
and the phase shift circuit may  



comprise a processor. [0083] Referring to Fig. 10, a
flow chart of an embodiment of a method for  providing
time-varying delay diversity is illustrated. Samples of
a first symbol  output by a modulator is subject to a
first phase shift CD1, block 1000. The  samples of a
second symbol are then subject to a phase shift (02i
which is  different than 01, block 1002. A
determination is then made whether additional  symbols
have yet to be phase shifted, block 1004. If not, then
a phase shift  which may be the same or different as
CDi or 02 is then applied to the samples WO 2005/117321
PCT/US2005/015041  20 of a next symbol output by the
modulator, block 106. This process is then  repeated,
until there are no additional symbols to phase shift.
[0084] If there are no additional symbols to phase
shift, the symbols are  subject to IFFT, block 1008,
the pre-pending of a cyclic prefix, block 1010, and
stores the symbol in memory, block 1012, which in one
embodiment may be a  buffer. In one embodiment, the
samples for each modulated symbol are stored  in memory
according to the order in which they are provided after
pre-pending  of the cyclic prefix. In other
embodiments, the samples of each modulated  symbol may
be stored in any order that is desired. [0085] In some
embodiments, the phase shift may be different between
consecutive symbols, groups of symbols, or frames by a
phase that is equal to a  constant angle multiplied by
a varying number corresponding to the location of  the
symbol in a symbol stream or other ordinal number. The
constant angle  may be fixed or may vary according to
other time constants. Also, the constant  angle applied
to symbols intended for different antennas may be
different.  [0086] In other embodiments, the phase
shift may vary according to a  random phase with
respect to any other symbols. This may be provided by
utilizing a pseudo random code to generate the phase
shift. [0087] It should be noted that while FIG. 10
illustrates waiting to perform  IFFT and cyclic prefix
pre-pending until a phase shift is applied to all of
the  symbols of a frame or burst period, each symbol
may be subject to IFFT and  cyclic prefix pre-pending
either individually or in groups before completion of
phase shifts to each of the symbols of a frame or burst
period. 



[0088] It should be noted that transmitter 200 and 500
may receive and  process a respective modulation symbol
stream (for MIMO without OFDM) or  transmission symbol
stream (for MIMO with OFDM) to generate a modulated
signal, which is then transmitted from the associated
antenna. Other designs  for the transmitter unit may
also be implemented and are within the scope of the
invention. [0089] The coding and modulation for MIMO
systems with and without  OFDM are described in further
detail in the following U.S. patent applications: WO
2005/117321 PCT/US2005/015041  21  U.S. Patent
Application Serial No. 09/993,087, entitled "Multiple-
Access Multiple-Input Multiple-Output (MIMO)
Communication System,"  filed November 6, 2001;  U.S.
Patent Application Serial No. 09/854,235, entitled
"Method and  Apparatus for Processing Data in a
Multiple-Input Multiple-Output  (MIMO) Communication
System Utilizing Channel State Information,"  filed May
11, 2001;  U.S. Patent Application Serial Nos.
09/826,481 and 09/956,449,  both entitled "Method and
Apparatus for Utilizing Channel State  Information in a
Wireless Communication System," respectively filed
March 23, 2001 and September 18, 2001;  U.S. Patent
Application Serial No. 09/776,075, entitled "Coding
Scheme for a Wireless Communication System," filed
February 1, 2001;  and  U.S. Patent Application Serial
No. 09/532,492, entitled "High  Efficiency, High
Performance Communications System Employing Multi-
Carrier Modulation," filed March 30, 2000. These
applications are all assigned to the assignee of the
present application  and incorporated herein by
reference. Application Serial No. 09/776,075  describes
a coding scheme whereby different rates may be achieved
by coding  the data with the same base code (e.g., a
convolutional or Turbo code) and  adjusting the
puncturing to achieve the desired rate. Other coding
and  modulation schemes may also be used, and this is
within the scope of the  



invention. [0090] Those skilled in the art will
appreciate that the various illustrative  logical
blocks, modules, circuits, and algorithms described in
connection with  the embodiments disclosed herein may
be implemented as electronic hardware,  computer
software, or combinations of both. To clearly
illustrate this  interchangeability of hardware and
software, various illustrative components,  blocks,
modules, circuits, and algorithms have been described
above generally  in terms of their functionality.
Whether such functionality is implemented as  hardware
or software depends upon the particular application and
design  constraints imposed on the overall system.
Skilled artisans may implement the WO 200/117321
PCT/US2005/015041  22 described functionality in
varying ways for each particular application, but such
implementation decisions should not be interpreted as
causing a departure from  the scope of the present
invention. [0091] The various illustrative logical
blocks, processors, modules, and  circuits described in
connection with the embodiments disclosed herein may be
implemented or performed with a general purpose
processor, a digital signal  processor (DSP), circuits,
an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other
programmable logic device,  discrete gate or transistor
logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A  general purpose processor may be a
microprocessor, but in the alternative, the  processor
may be any conventional processor, processor,
microprocessor, or  state machine. A processor may also
be implemented as a combination of  devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of  microprocessors, one or more microprocessors in
conjunction with a DSP core,  multiple logic elements,
multiple circuits, or any other such configuration.
[0092] The methods or algorithms described in
connection with the  embodiments disclosed herein may
be embodied directly in hardware, in a  software module
executed by a processor, or in a combination of the
two. A  software module may reside in RAM memory, flash
memory, ROM memory,  EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a  



CD-ROM, or any other form of storage medium known in
the art. An exemplary  storage medium is coupled to the
processor such the processor can read  information
from, and write information to, the storage medium. In
the  alternative, the storage medium may be integral to
the processor. The  processor and the storage medium
may reside in an ASIC. The ASIC may  reside in a user
terminal. In the alternative, the processor and the
storage  medium may reside as discrete components in a
user terminal. [0093] The previous description of the
disclosed embodiments is provided  to enable any person
skilled in the art to make or use the present
invention.  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 embodiments without departing from
the spirit or scope of the invention.  Thus, the
present invention is not intended to be limited to the
embodiments WO 2005/117321 PCT/U52005/015041  23 shown
herein but is to be accorded the widest scope
consistent with the  principles and novel features
disclosed herein. WHAT IS CLAIMED IS: 24  CLAIMS 1. A
method for providing transmission diversity in a
multi-channel communication system,  including: 5
providing, to a first antenna, a first symbol including
a first plurality of samples;  providing, to a second
antenna, the first symbol after a first delay period;
providing, to the first antenna, a second symbol
including a second plurality of samples;  providing, to
the second antenna, the second symbol after a second
delay period that is  different than the first delay
period; 10 providing, to the first antenna, a third
symbol including a third plurality of samples;
providing, to the second antenna, the third symbol
after a third delay period that is different  than the
first delay period and the second delay period, each of
the symbols including a cyclic prefix  of one or more
samples, wherein time diversity is provided even if a
channel is not of itself time  selective. 15 



2. The method of claim 1, wherein the first symbol,
second symbol, and third symbol are  consecutive
symbols of a same symbol stream. 3. The method of claim
I, wherein the third symbol is transmitted immediately
after the second  20 symbol that is transmitted
immediately after the first symbol. 4. The method of
claim 1, wherein the first symbol, second symbol, and
third symbol are non- consecutive symbols of a same
symbol stream. 25 5. The method of claim 4, wherein the
first symbol and second symbol are separated by a
number of symbols and the second symbol and the third
symbol are separated by the number of  symbols. 6. The
method of claim 1, wherein the first symbol, second
symbol, and third symbol are each  30 transmitted in
different frames. 7. The method of any preceding claim,
wherein providing the first symbol after the first
delay period includes applying a first phase shift to
each of the first plurality of samples; 35 providing
the second symbol after the second delay period that is
different than the first delay  period includes
applying a second phase shift to the second plurality
of samples, that is different than  the first phase
shift; and 25  providing the third symbol after a third
delay period that is different than the first delay
period and the second delay period includes applying a
third phase shift to the third plurality of samples
that  is different than the first phase shift and the
second phase shift. 5 8. The method of any preceding
claim, wherein the first delay period is a delay
ofXsample  periods, the second delay period is a delay
of X+/3 sample periods, and the third delay is a delay
of  X+28 sample periods, and /3 is a constant. 9. The
method of any one of claims 1 to 7, wherein the first
delay period is a delay ofX sample  10 periods, the
second delay period is a delay of Ysample periods which
is any number of sample periods  other than X, and the
third delay is a delay of Z sample periods which is any
number of sample periods  other than X or Y. 10. The
method of any one of claims 1 to 7, wherein the first
delay period is a delay off(x) sample  15 periods, the
second delay period is a delay of f(x+I) sample
periods, and the third delay is a delay of  f(x41)
sample periods, where f is a function, and x is a
number that varies according to a location of  the
symbol in a symbol stream. H. The method of any
preceding claim, further including modulating the first
symbol, second  



20 symbol, and third symbol according to different
carrier frequencies. 12. The method of any preceding
claim, further including providing a scalar shift to
the first delay  period, second delay period, and third
period. 25 13. The method of any preceding claim,
wherein the first delay period, the second delay
period,  and the third delay period are determined
based upon feedback information. 14. A transmitter
including:  at least two antennas; 30 a modulator
coupled with the at least two antennas; and a delay
circuit coupled between the modulator and one of the at
least two antennas, the delay  circuit delaying symbols
output from the modulator to the antenna by a delay
period that varies over  time, each of the symbols
including a cyclic prefix of one or more samples,
wherein time diversity is  provided even if a channel
is not of itself time selective. 35 15. The transmitter
of claim 14, wherein the delay circuit provides the
delay period so that it is  different between
consecutive symbols output by the modulator to the
antenna. 26  16. The transmitter of claim 14, wherein
the delay circuit provides the delay period so that it
is  different between consecutive symbols by a number
of sample periods that is equal to a constant
multiplied by a varying number corresponding to the
location of the symbol in a symbol stream. 5 17. The
transmitter of claim 14, wherein the delay circuit
provides the delay period so that it is  different
between consecutive symbols by a random number of
sample periods with respect to any  other consecutive
symbols. 10 18. The transmitter of claim 14, wherein
the delay circuit provides the delay period so that it
is  different between consecutive symbols by f(x)
sample periods, wheref is a function and x is a number
that varies according to a location of the symbol in a
symbol stream. 19. The transmitter of any one of claims
14 to 18, further including a scaling circuit coupled
15 between the delay circuit and the antenna. 20. The
transmitter of any one of claims 14 to 19, wherein the
modulator utilizes different carrier  frequencies of a
frequency hand to modulate symbols. 20 21. The
transmitter of any one of claims 14 to 20, wherein the
modulator and the delay circuit  include a processor.
22. The transmitter of any one of claims 14 to 21,
wherein the at least two antennas include at  



least three antennas, the transmitter further including
another delay circuit coupled between the 25 modulator
and another of the at least three antennas, the another
delay circuit providing another delay  period that
varies over time, wherein the another delay period and
the delay period are different for  each symbol. 23.
The transmitter of claim 22, wherein the delay period
is different between consecutive  30 symbols output by
the modulator to the antenna and the another delay
period is different between  consecutive symbols output
by the modulator to the another antenna, and wherein
the delay period  between consecutive symbols varies by
n*/J samples and the another delay period between
consecutive  symbols varies by n*(ff+k) samples where n
is a location of a symbol in a symbol stream and ff and
k  are constants. 35 24. The transmitter of any one of
claims 14 to 23, further including a cyclic prefix
generator  circuit coupled between the modulator and
the delay circuit. 27  25. A wireless transmitter,
including: at least two antennas; and a memory coupled
with the at least two antennas, the memory storing a
plurality of 5 symbols each including a plurality of
samples, wherein the memory outputs the plurality of
samples of  a first symbol of the plurality of symbols
after a first delay to one antenna of the at least two
antennas  and a second symbol of the plurality of
symbols after a second delay to the one antenna,
wherein the  first delay and the second delay are
different, each of the symbols including a cyclic
prefix of one or  more samples, wherein time diversity
is provided even if a channel is not of itself time
selective. 10 26. The wireless transmitter of claim 25,
wherein the second delay is n*f samples greater than
the  first delay, where n is an ordinal location of the
second symbol in a symbol stream and fi is a constant.
27. The wireless transmitter of claim 25, wherein the
first delay is f(x) samples and the second 15 delay is
f(x+1) samples, where f is a function and x is a number
that varies according to a location of  the symbol in a
symbol stream. 28. The wireless transmitter of any one
of claims 25 to 27, wherein the memory includes a
buffer.  20 29. The wireless transmitter of any one of
claims 25 to 28, further including a cyclic prefix
generator coupled with the memory that adds the cyclic
prefix to each of the plurality of symbols prior  to
storing the plurality of symbols in memory. 30. The
wireless transmitter of any one of claims 25 to 29,
wherein the at least two antennas 



25 include at least three antennas, wherein the memory
provides the first symbol to another of the at least
three antennas after a third delay and provides the
second symbol after a fourth delay to the another
antenna, wherein the first delay, second delay, third
delay, and fourth delay are all different from each
other. 30 31. The wireless transmitter of claim 25,
wherein the second delay varies by n*fi samples from
the  first delay and the fourth delay varies by
n*(ffi+k) samples from the third delay, where n is a
location  of a symbol in a symbol stream and fi and k
are constants. 32. A transmitter for transmitting a
plurality of symbols, including:  35 a plurality of
antennas; a modulator coupled to the plurality of
antennas that modulates a plurality of symbols for
transmission over the plurality of antennas; and 28
means for providing a delay of each symbol output by
the modulator and for varying the delay between
consecutive symbols output by the modulator, each of
the symbols including a cyclic prefix  of one or more
samples, wherein time diversity is provided even if a
channel is not of itself time  selective. 5 33. The
transmitter of claim 32, wherein the means for
providing includes means for providing a  delay between
consecutive symbols that varies by n*f samples, where n
is an ordinal location of the  second symbol in a
symbol stream and f3 is a constant. 10 34. The
transmitter of claim 32, wherein the means for
providing includes means for providing a  delay between
consecutive symbols that varies by a random number of
samples. 35. The transmitter of claim 32, wherein the
means for providing includes means for providing a
delay between consecutive symbols that varies by f(x)
samples, where j is a function and x is a number  15
that varies according to a location of the symbol in a
symbol stream. 36. The transmitter of any one of claims
32 to 35, further including a modulator that modulates
the plurality of symbols utilizing a plurality of
carrier frequencies. 20 37. The transmitter of any one
of claims 32 to 36, further including means for
providing a scalar  shift to the delay provided to each
of the plurality of symbols. 38. The transmitter of any
one of claims 32 to 37, further including means for
appending the  cyclic prefix of N samples to each of
the plurality of symbols, 25 39. A transmitter
including:  



at least three antennas; a modulator coupled to the at
least three antennas; a first delay circuit coupled
between the modulator and one of the at least three
antennas, the  30 first delay circuit delaying symbols
output from the modulator to the antenna by a delay
period that  varies over time; a second delay circuit
coupled between the modulator and another of the at
least three  antennas, the second delay circuit
delaying symbols output from the modulator to the
another antenna  by another delay period that varies
over time, 35 wherein the another delay period and the
delay period are different, each of the symbols
including a cyclic prefix of one or more samples,
wherein time diversity is provided even if a channel
is not of itself time selective. 29  40. The
transmitter of claim 39, wherein the delay circuit
provides the delay period so that it is  different
between consecutive symbols output by the modulator to
the antenna and the another delay  circuit provides the
another delay period so that it is different between
consecutive symbols output by  5 the modulator to the
another antenna. 41. The transmitter of claim 39,
wherein the delay circuit provides the delay period so
that it is  different between consecutive symbols by a
number of sample periods that is equal to a constant
multiplied by a varying number corresponding to the
location of the symbol and the another delay 10 circuit
provides the another delay period so that it is
different between consecutive symbols by a  number of
sample periods that is equal to another constant
multiplied by a varying number  corresponding to the
location of the symbol. 42. The transmitter of claim
39, wherein the another delay circuit provides the
delay period so that  15 it is different between
consecutive symbols by a random number of sample
periods with respect to any  other consecutive symbols.
43. The transmitter of claim 39, wherein the delay
circuit provides the delay period so that it is
different between consecutive symbols by f(x) sample
periods, where f is a function and x is a number  20
that varies according to the location of the symbol and
the another delay circuit provides the another delay
period so that it is different between consecutive
symbols by g(x) sample periods, where g is a  function
different than f and x is a number that varies
according to the location of the symbol in a  symbol
stream. 25 44. The transmitter of any one of claims 39
to 43, further including a scaling circuit coupled
between the delay circuit and the antenna and another
scaling circuit coupled between the another  



delay circuit and the another antenna. 45. The
transmitter of any one of claims 39 to 44, wherein the
modulator utilizes different carrier  30 frequencies of
a frequency band to modulate symbols. 46. The
transmitter of any one of claims 39 to 45, further
including a cyclic prefix generator  circuit coupled
between modulator and the delay circuit and another
cyclic prefix generator coupled  between the modulator
and the another delay circuit. 35 47. A method for
providing transmission diversity in a multi-channel
coin in un ication system,  including: 30  applying a
first phase shift to a first symbol to be transmitted
on a first antenna, the first  symbol including a first
plurality of samples; and applying a second phase
shift, different than the first phase shift, to the
first symbol to be  transmitted on a second antenna,
the first symbol including a cyclic prefix of one or
more samples,  5 wherein time diversity is provided
even if a channel is not of itself time selective. 48.
The method of claim 47, further including applying a
third phase shift to a second symbol to  be transmitted
on the first antenna and applying a fourth phase shift
to the second symbol to be  transmitted on the second
antenna, wherein the first, second, third, and fourth
phase shifts are all 10 different from each other, and
the second symbol including a second plurality of
samples. 49. The method of claim 48, wherein the second
symbol is transmitted immediately after the first
symbol. 15 50. The method of claim 48, wherein the
first symbol and second symbol are non-consecutive
symbols of a same symbol stream. 51. The method of
claim 48, wherein the first symbol and second symbol
are each transmitted in  different frames. 20 52. The
method of claim 48, further including modulating the
first symbol and second symbol  according to different
carrier frequencies. 53. The method of claim 47,
wherein the first phase shift and the second phase
shift are  25 determined based upon feedback
information. 54. The method of claim 47, further
including applying an inverse fast Fourier transform
(IFFT)  operation to the first symbol prior to
transmission. 30 55. A transmitter including:  



at least two antennas; a modulator coupled with the at
least two antennas; and a phase shift circuit coupled
between the modulator and one of the at least two
antennas, the  phase shift circuit applying a phase
shift to symbols output by the modulator to the antenna
by a phase  3S shift that varies over time, each of the
symbols including a cyclic prefix of one or more
samples, wherein time diversity is provided even ifa
channel is not of itself time selective. 31  56. The
transmitter of claiin 55, wherein the phase shift
circuit provides the phase shift so that it is
different between consecutive symbols output by the
modulator to the antenna. 57. The transmitter of claim
55, wherein the phase shift circuit provides the phase
shift so that it is  5 different between consecutive
symbols by a phase that is equal to a constant angle
multiplied by a  varying number corresponding to the
location of the symbol. 58. The transmitter of claim
55, wherein the phase shift circuit provides the phase
shift so that it is  different between symbols by a
random phase with respect to any other symbols. 10 59.
The transmitter of any one of claims 55 to 58, wherein
the modulator utilizes different carrier  frequencies
of a frequency band to modulate symbols. 60. The
transmitter of any one of claims 55 to 59, wherein the
modulator and the phase shift  15 circuit include a
processor. 61. The transmitter of any one of claims 55
to 60, wherein the at least two antennas include at
least three antennas, the transmitter further including
another phase shift circuit coupled between the
modulator and another of the at least three antennas,
the another phase shift circuit providing another 20
phase shift that varies over time, wherein the another
phase shift and the phase shift are different for  each
symbol. 62. The transmitter of any one of claims 55 to
61, further including an inverse fast Fourier
transform (IFFT) block coupled to an output of the
phase shift circuit. 25 63. A processor-readable memory
having instructions thereon, the instructions
including:  code for providing, to a first antenna, a
first symbol including a first plurality of samples;
code for providing, to a second antenna, the first
symbol after a first delay period; code for providing,
to the first antenna, a second symbol including a
second plurality of  30 samples; code for providing, to
the second antenna, the second symbol after a second
delay period that  



is different than the first delay period; code for
providing, to the first antenna, a third symbol
including a third plurality of samples;  and 35 code
for providing, to the second antenna, the third symbol
after a third delay period that is  different than the
first delay period and the second delay period, each of
the symbols including a cyclic 32  prefix of one or
more samples, wherein time diversity is provided even
if a channel is not of itself time  selective. 64. A
method as claimed in claim 1, substantially as herein
described with reference to the  5 accompanying
drawings. 65. A transmitter as claimed in claim 14,
substantially as herein described with reference to the
accompanying drawings. 10 66. A wireless transmitter as
claimed in claim 25, substantially as herein described
with reference  to the accompanying drawings. 67. A
transmitter as claimed in claim 32, substantially as
herein described with reference to the  accompanying
drawings. 15 68. A transmitter as claimed in claim 39,
substantially as herein described with reference to the
accompanying drawings, 69. A method as claimed in claim
47, substantially as herein described with reference to
the  20 accompanying drawings. 70. A transmitter as
claimed in claim 55, substantially as herein described
with reference to the  accompanying drawings. 25 71. A
processor-readable memory as claimed in claim 63,
substantially as herein described with  reference to
the accompanying drawings. 


