
SYSTEM AND METHOD FOR SPACE-TIME-FREQUENCY CODING IN A
MULTI-ANTENNA TRANSMISSION SYSTEM FIELD OF THE
INVENTION The present invention generally relates to
multi-antenna systems and methods for effectuating
wireless communication, and more particularly relates
to multi-antenna systems and methods for
space-time-frequency coding signals to provide
diversity in effectuating wireless communication.
BACKGROUND OF THE INVENTION As wireless communication
systems evolve, wireless system design has become
increasingly demanding in relation to equipment and
performance requirements. Future wireless systems,
which will be third generation (3G) and fourth
generation (4G) systems compared to the first
generation (IG) analog and second generation (2G)
digital systems currently in use, will be required to
provide high quality high transmission rate data
services in addition to high quality voice services.
Concurrent with the system service performance
requirements will be equipment design constraints,
which will strongly impact the design of mobile
terminals. The 3G and 4G wireless mobile terminals
will be required to be smaller, lighter, more
power-efficient units that are also capable of
providing the sophisticated voice and data services
required of these future wireless systems.
Time-varying multi-path fading is an effect in
wireless systems whereby a transmitted signal
propagates along multiple paths to a receiver causing
fading of the received signal due to the constructive
and destructive summing of the signals at the
receiver. Several methods are known for overcoming the
effects of multipath fading, such as time interleaving
with error correction coding, implementing frequency
diversity by utilizing spread spectrum techniques, or
transmitter power control techniques. Each of these
techniques, however, has drawbacks in regard touse for
3G and 4G wireless systems. Time interleaving may
introduce unnecessary delay, spread spectrum
techniques may require large bandwidth allocation to
overcome a large coherence bandwidth, and power
control techniques may require higher transmitter
power than is desirable for sophisticated
receiver-to-transmitter feedback techniques that
increase mobile terminal complexity. All of these
drawbacks have negative impact on achieving the
desired characteristics for third and fourth
generation mobile terminals. Antenna diversity is
another technique for overcoming the effects of
multipath fading in wireless systems. In transmit
diversity, a signal is multiplexed and processed to
generate a number of separate signals that are then
transmitted via two or more physically separated
antennas. Similarly, in reception diversity, two or
more physically separated antennas are used to receive
a signal, which is then processed through combining
and switching to generate a received signal. Various
systems, known as multiple-input multiple-output
(MIMO) systems, employ both transmit diversity and
reception diversity, and provide multiplexing and
diversity gains in wireless communication. One
transmit diversity technique by which two transmit
antennas redundantly send information to a single
receiving antenna is disclosed in U.S. Patent No.
6,185,258, entitled: Transmitter Diversity
Techniquefor Wireless Communications, issued February
6, 2001 to Alamouti et al., the contents of which is
incorporated herein by reference. In accordance with
the Alamouti transmit diversity technique, information
is transmitted temporally during "time slots," the
duration of which is small enough so that the
transmission quality on each of the two channels is
effectively constant during the time slot. A time slot
is divided into symbol periods, each symbol period
representing the time in which a single symbol is
transmitted from an antenna. In accordance with the
Alamouti transmit diversity technique, in a time slot
with a duration of two symbol periods, a first antenna
transmits a symbol Z1 during the first symbol period
and a symbol -Z2* during the second symbol period, and
a second antenna transmits a symbol Z2 during the
first symbol period and a symbol Z1* during the second
symbol period. Here, "a*" denotes the complex
conjugate of "a" (i.e., if a = x + yj, then a* = x
-yj). Time slots can be referred to as "timespace
slots" in recognition that more than one antenna is
transmitting - emphasizing that there is space
diversity - or can simply be called "slots." The
Alamouti matrix CA i shown below, with each row
corresponding to a transmit antenna and each column
corresponding to a symbol period. If one of the two
antennas is transmitting more robustly than the other
during the time slot, both symbols can be derived
solely from the stronger of the two transmissions.
During the third and fourth symbol periods, a new slot
is formed in which z3 assumes the role OfZ1 and z4
assumes the role of z2, and so on for subsequent time
slots and respective symbol periods. Therefore, the
transmit antennas transmit according to a sequence of
2 x 2 Alamouti codes. The kind of matrix, such as the
2 x 2 Alamouti matrix, that is used to represent
transmit diversity over symbol periods is called a
"space-time block code." Here, the space-time block
code and the time slot happen to coincide although
this is not always the case. The diversity here is two
or "two-fold," because each symbol is transmitted
twice, by virtue of a delayed identical copy or
delayed complex conjugate (or the negative of the
complex conjugate or "negative complex conjugate").
Under the assumption that a single transmitter
transmits one symbol per symbol period, the number of
symbols that are transmitted per symbol period in a
communication system is known as the "symbol rate."
The symbol rate here is one since a symbol is
considered to be the same, for this purpose, as its
complex conjugate or negative complex conjugate. In
contrast to space-time coding techniques, such as the
Alamouti transmit diversity technique, space-frequency
coding techniques rely on coding across space and
frequency by dividing the symbol stream into several
parallel symbol streams and modulating each of these
streams onto separate carriers or subcarriers at
separate frequencies or within separate frequency
bins. Further coding 



techniques, referred to as space-time-frequency coding
techniques, offer a combination of space-time coding
and space-frequency coding by coding symbols among
transmit antennas in time and frequency. And although
conventionalspace-time, space-frequency and
space-time-frequency coding techniques are adequate to
overcome at least some of the effects of multi-path
fading in wireless systems, it is typically desirable
to improve such techniques. SUMMARY OF THE INVENTION
In light of the foregoing background, exemplary
embodiments of the present invention provide an
improved transmitting multi-antenna communication
entity, such as a base station, base station
controller or the like, as well as an associated
method and computer program product for
space-time-frequency coding data, such as for
transmission across a wireless network. Similarly,
exemplary embodiments of the present invention provide
an improved receiving network entity in a
multi-antenna transmission system, such as a mobile
terminal, as well as an associated method and computer
program product for space-time-frequency decoding
data, such as data received from across a wireless
network. Exemplary embodiments of the present
invention are capable of coding/decoding data in a
manner that increases both diversity and coding gain
in the communication system including the transmitting
and receiving entities. As such, exemplary embodiments
of the present invention increase performance of the
communication system over conventional systems.
According to one aspect of the present invention, a
method is provided for space-time-frequency coding
pieces of data. The method includes receiving a stream
of a plurality of pieces of data in a multi-antenna
transmission system, where the data may comprise a
stream of orthogonal frequency division multiple
access (OFDMA) symbols, orthogonal frequency division
multiplexed (OFDM) symbols or the like. Irrespective
of the type of data, however, the pieces of data are
thereafter coded across space, time and frequency
dimensions based upon a plurality of
space-time-frequency (STF) codes, hi this regard, the
pieces of data are coded such that one or more STF
codes in the frequency dimension differ from one or
more other STF codes in the frequency dimension. For
example, the pieces of data can be coded based upon a
plurality of STF codes each of which comprises a
matrix including a plurality of columns and a
plurality of rows, where the rows extend across the
time and frequency dimensions and the columns
extending acrossthe space dimension. In such
instances, one or more STF codes can differ from one
or more other STF codes by the exchange of two or more
rows of the other STF code. The frequency dimension
can include a plurality of frequency bins. In such
instances, the pieces of data can be coded such that
the plurality of STF codes sequentially circulates
through sets of at least one frequency bin in the
frequency domain. Also in such instances, the pieces
of data can be coded further such that the STF code
for at least some of the respective sets of frequency
bin(s) extends across the time domain at the
respective sets of frequency bin(s). The method may be
configured for a four-antenna transmission system. In
such instances, the pieces of data can be coded based
upon at least three STF codes that sequentially
circulate through sets frequency bin(s) in the
frequency domain. In the case of rate-one coding, for
example, the pieces of data can be coded based upon
the following three STF codes A], A2 and A3: where S1,
S2, S3 and S4 represent pieces of data, and S* 1 S\, S
and S represent complex conjugates of the respective
pieces of data. Alternatively, on the case of rate-two
coding, for example, the pieces of data can be coded
based upon the following six STF codes B , B2 , B3,
B4, B5 and B6:where S1, S2, S3, S4, S5, S6, S7 and Ss
represent pieces of data, and S\, S\, S * 3, S* 4, S*
s , S * 6, S* and S represent complex conjugates of
the respective pieces of data. According to other
exemplary aspects of the present invention, a
transmitting multi-antenna communication entity and a
computer program product are provided for
space-time-frequency coding data, as are a receiving
multiantenna communication entity, method and computer
program product for spacetime- frequency decoding
data, such as data received from across a wireless
network. As indicated above and explained below, the
entities, methods and computer program products of
exemplary embodiments of the present invention can
code/decode data in a manner that increases both
diversity and coding gain in the communication system.
The entities, methods and computer program products
increase performance of the communication system over
conventional systems. As such, the entities, methods
and computer program products of exemplary embodiments
of the present invention may solve the problems
identified by prior techniques and/or provide
additional advantages. BRIEF DESCRIPTION OF THE
DRAWINGS Having thus described the invention in
general terms, reference will now be made to the
accompanying drawings, which are not necessarily drawn
to scale, and wherein: FIG. 1 illustrates a schematic
block diagram of a wireless communication system
including a terminal, according to exemplary
embodiments of the present invention; FIG. 2 is a
schematic functional block diagram of a multi-antenna
transmitting entity of the wireless communication
system of FIG. 1, according to exemplary embodiments
of the present invention; FIG. 3 is a schematic
functional block diagram of a single-antenna receiving
entity of the wireless communication system of FIG. 1,
according to 



exemplary embodiments of the present invention;FIG. 4
illustrates space-time-frequency (STF) coding of an
input symbol stream with a STF code matrix A; FIG. 5
illustrates space-time-frequency (STF) coding of an
input symbol stream with circulating STF code matrices
Ak, according to exemplary embodiments of the present
invention; FIG. 6 is a graph comparing the frame error
rate (FER) of a 4-antenna multiple-input,
single-output (MISO) system rate-one coding symbol
streams with matrix A, with a MISO system rate-one
coding symbol streams with circulating matrices Ak,
according to exemplary embodiments of the present
invention; and FIG. 7 is a graph comparing the FER of
a 4-antenna MISO system rate-two coding symbol streams
with matrix B, with a MISO system rate-two coding
symbol streams with circulating matrices Bk, according
to exemplary embodiments of the present invention.
DETAILED DESCRIPTION OF THE INVENTION The present
invention now will be described more fully hereinafter
with reference to the accompanying drawings, in which
preferred embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms and should not be construed as limited to the
embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.
Like numbers refer to like elements throughout.
Referring to FIG. 1, an illustration of one type of
wireless communications system 10 including a terminal
12 that would benefit from the present invention is
provided. As explained below, the terminal may
comprise a mobile telephone. It should be understood,
however, that such a mobile telephone is merely
illustrative of one type of terminal that would
benefit from the present invention and, therefore,
should not be taken to limit the scope of the present
invention. While several embodiments of the terminal
are illustrated and will be hereinafter described for
purposes of example, other types of terminals, such as
portable digital assistants (PDAs), pagers, laptop
computers and other types of voice and text
communications systems, can readily employ the present
invention. Inaddition, the system and method of the
present invention will be primarily described in
conjunction with mobile communications applications.
It should be understood, however, that the system and
method of the present invention can be utilized in
conjunction with a variety of other applications, both
in the mobile communications industries and outside of
the mobile communications industries. The
communication system 10 provides for radio
communication between two communication stations, such
as abase station (BS) 14 and the terminal 12, by way
of radio links formed therebetween. The terminal is
configured to receive and transmit signals to
communicate with a plurality of base stations,
including the illustrated base station. The
communication system can be configured to operate in
accordance with one or more of a number of different
types of spread-spectrum communication, or more
particularly, in accordance with one or more of a
number of different types of spread spectrum
communication protocols. More particularly, the
cornmunication system can be configured to operate in
accordance with any of a number of 1G, 2G, 2.5G and/or
3G communication protocols or the like. For example,
the communication system may be configured to operate
in accordance with 2Gwireless communication protocols
IS-95 (CDMA) and/or cdma2000. Also, for example, the
communication system may be configured to operate in
accordance with 3G wireless communication protocols
such as Universal Mobile Telephone System (UMTS)
employing Wideband Code Division Multiple Access
(WCDMA) radio access technology. Further, for example,
the communication system may be configured to operate
in accordance with enhanced 3G wireless communication
protocols such as IX-EVDO (TIA/EIA/IS-856) and/or
IX-EVDV. It should be understood that operation of the
embodiment of the present invention is similarly also
possible in other types of radio, and other,
communication systems. Therefore, while the following
description may describe operation of an embodiment of
the present invention with respect to the
aforementioned wireless communication protocols,
operation of an embodiment of the present invention
can analogously be described with respect to any of
various other types of wireless communication
protocols, without departing from the spirit and scope
of the present invention.The base station 14 is
coupled to a base station controller (BSC) 16. And the
base station controller is, in turn, coupled to a
mobile switching center (MSC) 18. The MSC is coupled
to a network backbone, here a PSTN (public switched
telephonic network) 20. hi turn, a correspondent node
(CN) 22 is coupled to the PSTN. A communication path
is formable between the correspondent node and the
terminal 12 by way of the PSTN, the MSC, the BSC and
base station, and a radio link formed between the base
station and the terminal. Thereby, the communications,
of both voice data and non-voice data, are effectual
between the CN and the terminal. In the illustrated,
exemplary implementation, the base station defines a
cell, and numerous cell sites are positioned at
spaced-apart locations throughout a geographical area
to define a plurality of cells within any of which the
terminal is capable of radio communication with an
associated base station in communication therewith.
The terminal 12 includes various means for performing
one or more functions in accordance with exemplary
embodiments of the present invention, including those
more particularly shown and described herein. It
should be understood, however, that the terminal may
include alternative means for performing one or more
like functions, without departing from the spirit and
scope of the present invention. More particularly, for
example, as shown in FIG. 1, in addition to one or
more antemias 24, the terminal of one embodiment of
the present invention can include a transmitter 26,
receiver 28, and controller 30 or other processor that
provides signals to and receives signals from the
transmitter and 



receiver, respectively. These signals include
signaling information in accordance with the
communication protocol(s) of the wireless
communication system, and also user speech and/or user
generated data. In this regard, the terminal can be
capable of communicating in accordance with one or
more of a number of different wireless communication
protocols, such as those indicated above. Although not
shown, the terminal can also be capable of
communicating in accordance with one or more wireline
and/or wireless networking techniques. More
particularly, for example, the terminal can be capable
of communicating in accordance with local area network
(LAN), metropolitan area network (MAN), and/or a wide
area network (WAN) (e.g., Internet) wireline
networking techniques. Additionally oralternatively,
for example, the terminal can be capable of
communicating in accordance with wireless networking
techniques including wireless LAN (WLAN) techniques
such as IEEE 802.1 1, and/or WiMAX techniques such as
IEEE 802.16 or the like. It is understood that the
controller 30 includes the circuitry required for
implementing the audio and logic functions of the
terminal 12. For example, the controller may be
comprised of a digital signal processor device, a
microprocessor device, and/or various
analog-to-digital converters, digital-to-analog
converters, and other support circuits. The control
and signal processing functions of the terminal are
allocated between these devices according to their
respective capabilities. The controller can
additionally include an internal voice coder (VC) 30a,
and may include an internal data modem (DM) 30b.
Further, the controller may include the functionally
to operate one or more software applications, which
may be stored in memory (described below). The
terminal 12 can also include a user interface
including a conventional earphone or speaker 32, a
ringer 34, a microphone 36, a display 38, and a user
input interface, all of which are coupled to the
controller 18. The user input interface, which allows
the terminal to receive data, can comprise any of a
number of devices allowing the terminal to receive
data, such as a keypad 40, a touch display (not shown)
or other input device. In embodiments including a
keypad, the keypad includes the conventional numeric
(0-9) and related keys (#, *), and other keys used for
operating the terminal. Although not shown, the
terminal can include one or more means for sharing
and/or obtaining data (not shown). In addition, the
terminal 12 can include memory, such as a subscriber
identity module (SIM) 42, a removable user identity
module (R-UIM) or the like, which typically stores
information elements related to a mobile subscriber.
In addition to the SEVI, the terminal can include
other removable and/or fixed memory. In this regard,
the terminal can include volatile memory 44, such as
volatile Random Access Memory (RAM) including a cache
area for the temporary storage of data. The terminal
can also include other non- volatile memory 46, which
can b e embedded and/or may be removable. The non-
volatile memory can additionally or alternatively
comprise an EEPROM, flash memory or the like.
Thememories can store any of a number of software
applications, instructions, pieces of information, and
data, used by the terminal to implement the functions
of the terminal. From the descriptions of the network
entities of the system, including the terminal 12, BS
14, BSC 16, MSC 18 and CN 22, it should be appreciated
that the elements of the respective entities may be
implemented by a number of various means, such as
hardware and/or firmware, alone and/or under control
of a computer program product. Generally, then, the
network entities can include one or more logic
elements for performing various functions of one the
respective entities. As will be appreciated, the logic
elements can be embodied in any of a number of
different manners. In this regard, the logic elements
performing the functions of the respective entities
can be embodied in an integrated circuit assembly
including one or more integrated circuits integral or
otherwise in communication with the respective
entities. The design of integrated circuits is by and
large a highly automated process. In this regard,
complex and powerful software tools are available for
converting a logic level design into a semiconductor
circuit design ready to be etched and formed on a
semiconductor substrate. These software tools, such as
those provided by Avant! Corporation of Fremont,
California, and Cadence Design, of San Jose,
California, automatically route conductors and locate
components on a semiconductor chip using well
established rules of design as well as huge libraries
of pre-stored design modules. Once the design for a
semiconductor circuit has been completed, the
resultant design, in a standardized electronic format
(e.g., Opus, GDSII, or the like) may be transmitted to
a semiconductor fabrication facility or "fab" for
fabrication. Reference is now made to FIGS. 2 and 3,
which illustrates a functional block diagram of the
system 10 of FIG. 1 in accordance with one exemplary
embodiment of the present invention. More
particularly, FIG. 2 illustrates a functional block
diagram of a multi-antenna transmission system
including a transmitting entity 50 (e.g., base station
14). As shown in FIG. 3, the illustrated system is
operating as a multiple-input single-output (MISO)
communication system that also includes a
single-antenna receiving entity 66 (e.g., terminal
12). It should be understood, however, that the system
of exemplary embodiments of thepresent invention may
equally operate in other configuration without
departing from the spirit and scope of the present
invention. It should further be understood that the
transmitting and receiving entities may be implemented
into any of a number of different types of
transmission systems that transmit coded or uncoded
digital transmissions over a radio interface. In the
illustrated MISO communication system 10, the
transmitting entity 50 includes a MISO transmitter
having a space-time-frequency (STF) encoder 52, a
spread, filter and modulate (SFM) block 54 and n
transmit antennas 56 (four being shown as antennas 56a
- 56d). In the transmitting entity, the transmitter
receives an input symbol stream x(t), such as an input
orthogonal frequency division multiple access (OFDMA)
symbol stream, an input orthogonal frequency 



division multiplexed (OFDM) symbol stream or the like.
For an n antenna transmitting entity, the STF encoder
is capable of receiving a symbol stream x{t). In this
regard the symbol stream can comprise any of a number
of different pieces of data including, for example,
symbols obtained from interleaved data that is encoded
by a channel encoder such as a convolutional encoder,
Turbo encoder, LDPC (low-density parity check) encoder
or the like. Irrespective of the exact nature of the
received symbol stream, the STF encoder is capable of
coding every n symbols x(l), x(2), ... x() in
accordance with a STF technique based upon a plurality
of STF codes, as explained below. The coded symbols of
the symbol stream can then be filtered and modulated
by the SFM block;, and transmitted by the n antennas.
At the receiving entity 60, the receiving entity
includes a receiver having a receive antenna 62, a
filter, despread and demodulate (FDD) block 64 and a
STF decoder 66. The receive antenna receives the data
transmitted from the transmitting entity 50 and passes
the data to the FDD block, Lvhich filters and
demodulates the data into representations of the coded
symbol stream from the transmitting entity. The STF
decoder can then decode every n symbols x(l), x(2),
... x() from the representations of the coded symbols
in accordance with a STF technique based upon a
plurality of STF codes, such as in the same manner as
the STF encoder encodes the symbols of the input
symbol stream, in a manner thatminimizes the Hamming
distance, Euclidean distance or the like between the
transmitted and received signals. As explained in the
background section, in accordance with the Alamouti
transmit diversity technique, in a time slot having
with duration of two symbol periods, a two antenna
transmitter codes a symbol stream according t o a 2 x
2 Alamouti code or matrix. This kind of matrix, such
as the 2 x 2 Alamouti matrix, that is used to
represent transmit diversity over symbol periods is
called a "spacetime block code." hi accordance with
another transmit diversity technique, spacefrequency
technique, relies on coding across space and frequency
by dividing the symbol stream into several parallel
symbol streams and modulating each of these streams
onto separate carriers or subcarriers at separate
frequencies or within separate frequency bins. Further
coding techniques, referred to as space-timefrequency
coding techniques, offer a combination of space-time
coding and spacefrequency coding by coding symbols
among transmit antennas in time and frequency. As will
be appreciated, coding symbol streams in accordance
vith a spacetime- frequency coding technique can
differ depending on the coding rate of the symbol
streams. Exemplary embodiments of the present
invention, then, will be described for coding rates
one, two and four. It should be understood, however,
that exemplary embodiments of the present invention
may also be applicable to other coding rates, without
departing from the spirit and scope of the present
invention. A. Rate-One Coding As shown in FIG. 4, in
accordance with a space-time-frequency coding
technique, it has previously been proposed for the STF
encoder 52 to code a symbol stream for a four antenna
56a - 56d transmitting entity 50 in accordance with
the following rate one STF code: S1 S 2 0 0 A = S2 s;
0 0 0 0 -s; 0 0 s;As shown, the two sets of
consecutive columns of the code span two frequency
sub-carriers (or frequency bins) over two symbols of
the input symbol stream, with the columns of each set
spanning two time slots. As also shown, the rows of
the code span the antennas 56a - 56d of the
transmitting entity 50. The STF code matrix A, then,
repeats for a plurality of pairs of time slots and
frequency subcarriers in the time and frequency
dimensions. If coding is not considered, code A is
second-order diverse. With sufficient coding, however,
code A is capable of attaining fourth-order diversity,
as explained below with respect to exemplary
embodiments of the present invention. The signal model
over a time slot of two symbols and a pair of
frequencies can be presented in matrix form as
follows: y = Ar h + n where h = [A1, A2, , A4]
represents frequency-flat channel coefficients, At
represents the code A matrix transpose, and n
represents a column vector composed of additive white
gaussian noise (AWGN) noise samples of variance No per
dimension (space, time, frequency). Assuming
maximum-likelihood (ML) decoding by the STF decoder
66, the pair wise error probability of the 4-antenna
code in AWGN channels can be upper bounded as follows:
where expectation operation E is performed over the
channel statistics. The diagonal matrix D includes the
distances, such as the Hamming distances, Euclidean
distances or the like, seen by each channel
coefficient along the error event path. Due to the
presence of orthogonal STF codes, the diagonal entries
of D = diag [ 1, J2, 3, 4] appear in pairs. In other
words, among the four STF symbols, pairs of symbols
experience the same channel due to space-time block
code encoding. The diversity order for a 4-antenna
code is determined by the rank of D. The presence of
the space-time block coding ensures a minimum of
second-order diversity. Full fourth order diversity
requires a powerful channel code. A rate 1/2 binary
convolutional code may enable such fourth-order order
diversity.As will be appreciated, both diversity and
coding gain of the presented code can be maximized by
maximizing the trace of D (i.e., d = max Trace[D] - H
denoting the Hamming distance), and ensuring the
diagonal entries of D approach equality. In this
regard, diversity and coding gain can be maximized for
a Aantenna transmitting entity 50 by setting 1 and d2
equal to one another (i.e., d\ - 



2) . In practice, it is often difficult to design
codes with equal distances (e.g., Hamming distances,
Euclidean distances, etc.) for all error events. The
condition d\  d2 implies a reduction is coding gain,
and particularly when a large imbalance exists between
d\ and 2, can result in severe loss in the system. In
accordance with exemplary embodiments of the present
invention, then, the STF encoder 52 is capable of
coding a symbol stream in a manner that reduces the
imbalance between the diagonal entries of D, thus
maximizing the coding gain. More particularly, the STF
encoder of exemplary embodiments of the present
invention is capable of coding pieces of data, such as
in a symbol stream, based upon a plurality of STF
codes such that at least one STF code in the frequency
dimension differs from at least one other STF code in
the frequency dimension, as shown in FIG. 5. In this
regard, for a 4-antemia transmitting entity 50, the
STF encoder can be capable of coding a symbol stream
in accordance with the following rate one STF codes:
where S1, S2, S3 and S4 represent pieces of data
(e.g., symbols), and S\, S * 2, S and S\ represent
complex conjugates of the respective pieces of data
(e.g., symbols). Matrix Ai can (but need not)
correspond to the previously proposed matrix A. The
second and third matrices, A2 and A , then, can be
formed by switching or otherwise exchanging at least
two rows of matrix A \ or the other of matrices A and
A such that all of the matrices differ by the exchange
of at least two rows. That is, matrix A2 can be formed
by exchanging the second and third rows of matrix A\
(orvice versa), and matrix A3 can be formed by
exchanging the third and fourth rows of matrix A2. It
should be appreciated, however, that any one of the
three matrices can be formed by exchanging at least
two rows of any other matrix. As shown in FIG. 5, in
accordance with exemplary embodiments of the present
invention the STF encoder 52 is capable of coding a
symbol stream for a four antenna 56a - 56d
transmitting entity 50 in accordance with the above
STF codes A\ ,A2 and A3. As shown, as in the case of
coding the symbol stream with matrix A, the two sets
of consecutive columns of the codes span two frequency
sub-carriers (or frequency bins) over two symbols,
with the columns of each set spanning two time slots.
In addition, the rows of the code span the antennas of
the transmitting entity. The STF code matrices can
then repeat for a plurality of pairs of time slots in
the time dimension. In the frequency dimension
including frequency sub-carrier numbers/= 1, 2, . . .
FFT, however, the matrices can sequentially circulate
through sets of at least one frequency sub-carrier,
and more typically through sets of at least one pair
of frequency sub-carriers, in the frequency dimension.
Accordingly, a matrix may repeat over pairs of
frequency sub-carriers within a set of sub-carriers,
and then circulate to the next matrix for the next set
of sub-carriers, and so forth. The number of frequency
sub-carriers Nc in the sets over which the matrices
circulate can be set in any of a number of different
manners such as, for example, by setting the number of
sub-carriers to two (i.e., Nc =2). In such an
instance, the first matrix A\ can repeat for the first
Nc sub-carriers (i.e.,/= 1, . . . Nc), after which the
matrix circulates to matrix A2 for the next Nc
sub-carriers (i.e., / = Nc + 1, ... 2 c), and then
circulates to matrix A3 for the following Nc
subcarriers (i.e.,/= 2NC+ 1, ... 3NC) . The matrices
then circulate back to the first matrix A and repeat.
Generally, the matrix Ak for a given sub-carrier
frequency number / = 1, 2, . . . FFT can be identified
as follows: As can be shown, the pair-wise error
probability for the circulating codes Ai, A2 and A3
takes the form:where L represents the diagonal matrix
with entries, L = diag d d2,d ,d4 . Unlike the
non-circulating case with diagonal matrix D, L now
contains distinct diagonal entries, and better
approximates the equal distance criterion (i.e., d
=d2), thus offering an increase in coding gain. To
better illustrate the increased performance enabled by
exemplary embodiments of the present invention,
consider the graph of FIG. 6. In this regard, FIG. 6
compares the frame error rate (FER) of a 4-antenna
MISO system including a STF encoder 52 coding symbol
streams with matrix A, with the same STF encoder
coding symbol streams with circulating matrices A ,
both for a pedestrian B channel, rate 1/2
convolutional code, quadrature phase shift key (QPSK)
modulated symbol stream. As shown, coding the symbol
stream with circulating matrices Ak can result in a
coding gain, such as a gain of up to 0.7 dB or more,
over coding the symbol stream with matrix A. Similar
gains can also be shown for other modulation and
coding modes. As will be appreciated, exemplary
embodiments of the present invention maybe equally
applicable for transmitting entities 50 of different
numbers of antennas 56, for different coding rates
and/or for different size matrices Ak. For example,
exemplary embodiments of the present invention may be
equally applicable for a three antenna 56a - 56c
transmitting entity, such as in a manner similar to
that explained above. Also, for example, exemplary
embodiments of the present invention may be equally
applicable for a six or eight antenna 56 transmitting
entity 50. In this regard, for a 6-antemia
transmitting entity, the STF encoder 52 can be capable
of coding a symbol stream in accordance with the
following rate one STF codes:As shown, matrix A2 can
be formed by exchanging the second and third rows of
matrix A (or vice versa), matrix A can be formed by
exchanging the third and fourth rows of matrix A2,
matrix A4 can be formed by exchanging the fourth and
fifth rows of matrix As, and matrix A5 can be formed
by exchanging the fifth and sixth rows of matrix A4.
Generally, then, matrix Ak can be formed by exchanging
the M Land (k + l)th rows of the previous matrix Ak -
\ , starting with an initial or first matrix 1. It
should be understood, however, that the rows of the
matrices can be exchanged in any of a number of other
patterns to form subsequent matrices. Thus, the STF
encoder of an 8-antenna transmitting entity can be
capable of coding a symbol stream in accordance with
the following rate one STF code A\ , from 



which the other STF codes A - Ahcan be derived:It
should be understood that the STF encoder 52 for a 5
or 7-antenna 56 transmitting entity 50 can derive the
STF codes from those for a 6 or 8-antenna transmitting
entity, respectively. More particularly, the STF codes
can be derived by coupling rows multiple rows of a
matrix for an increased-antenna (e.g., 6 or 8-
antenna) transmitting entity together and assigning
the coupled rows to the same antenna of the reduced-
antenna (5 or 7-antenna) transmitting entity. The
coupled rows can then be treated as a single row for
purposes of exchanging rows to derive the matrices for
the antennas. B. Rate-Two Coding Similar to the rate
one coding case, it has previously been proposed for
the STF encoder 52 to code a symbol stream for a four
antenna 56a - 56d transmitting entity 50 in accordance
with the following rate two STF code: As shown, the
two sets of consecutive columns of the code span two
frequency sub-carriers (or frequency bins) over two
symbols, with the columns of each set spanning two
time slots. As also shown, the rows of the code span
the antennas 56a - 56d of the transmitting entity 50.
Similar to before, and in contrast to conventional
coding techniques, the STF encoder of exemplary
embodiments of the present invention is capable of
coding pieces of data, such as in a symbol stream,
based upon a plurality of STF codes such that at least
one STF code in thefrequency dimension differs from at
least one other STF code in the frequency dimension.
In this regard, for a 4-antenna transmitting entity
50, the STF encoder can be capable of coding a symbol
stream in accordance with the following rate two STF
codes: Matrix B\ can (but need not) correspond to the
previously proposed matrix B. The second through sixth
matrices, B2, B , B4, B5 and Be, then, can be formed
by switching or otherwise exchanging at least two rows
of matrix . 1 or one of the other of matrices 2?2, B
,B4, B and B such that all of the matrices differ by
the exchange of at least two rows. As in the case of
the circulating Ak matrices, however, it should be
understood that any one of the six Bk matrices can be
formed by exchanging at least two rows of any other
matrix. Also similar to the case of circulating Ak
matrices, the STF encoder 52 can be capable of coding
a symbol stream for a four antenna 56a - 56d
transmitting entity 50 in accordance with the above
STF codes B\ , B2, - 3, 2 4, B5 and Be- As before, the
two sets of consecutive columns of the codes span two
frequency subcarriers (or frequency bins) over two
symbols, with the columns of each set spanning two
time slots, hi addition, the rows of the code span the
antennas of the transmitting entity. The STF code
matrices can then repeat for a plurality of pairs of
time slots in the time dimension hi the frequency
dimension including frequency sub-carrier numbers/= 1,
2, . . . FFT, however, the matrices can sequentially
circulate through sets of at least one frequency
sub-carrier, and more typically through sets of at
least one pair of frequency sub-carriers, in the
frequency dimension. Accordingly, a matrix may repeat
over pairs of frequencysub-carriers within a set of
sub-carriers, and then circulate to the next matrix
for the next set of sub-carriers, and so forth. The
number of frequency sub-carriers Nc in the sets over
which the matrices circulate can be set in any of a
number of different manners such as, for example, by
setting the number of sub-carriers to two (i.e., Nc
-2). In such an instance, the first matrix B\ can
repeat for the first Nc sub-carriers (i.e.,/= 1, . . .
Nc), after which the matrix circulates to matrix B2
for the next Nc sub-carriers (i.e., / = Nc + 1, . . .
2Nc), and then circulates to matrix B for the
following Nc subcarriers (i.e.,/= 2Nc + 1, . . . 3Nc)
. The matrices continue to circulate through matrix i
?6, and then back to the first matrix B\ and repeat.
Generally, the matrix Bk for a given sub-carrier
frequency number/= 1, 2, ... FFT can be identified as
follows: *(/) = mod floor [- ,6 + 1 To further
illustrate the increased performance enabled by
exemplary embodiments of the present invention for the
rate-two case, consider the graph of FIG. 7. Similar
to FIG. 6, FIG. 7 compares the frame error rate (FER)
of a 4- antenna MISO system including a STF encoder 52
coding symbol streams with matrix B, with the same STF
encoder coding symbol streams with circulating
matrices Bk, both for a pedestrian A channel, rate 1/2
convolutional code, quadrature phase shift key (QPSK)
modulated symbol stream using a linear minimum mean
square error (LMMSE) receiving entity 60. As shown,
coding the symbol stream with circulating matrices Bk
can result in a coding gain, such as a gain of up to
1.0 dB or more, over coding the symbol stream with
matrix B. Similar gains can also be shown for other
modulation and coding modes. As in the rate-one case,
exemplary embodiments of the present invention maybe
equally applicable for transmitting entities 50 of
different numbers of antennas 56, for different coding
rates and/or for different size matrices Bk. For
example, exemplary embodiments of the present
invention may be equally applicable for 4 x 6
circulating matrices Bk, where B may be represented as
follows:and where the other matrices, i 2-B may be
derived therefrom. In such instances, the three pairs
of consecutive columns of the code span three
frequency sub-carriers (or frequency bins) over two
symbols, with the columns of each set spanning two
time slots. In addition, the rows of the code span the
antennas 56a - 56d of the transmitting entity 50.
Alternatively, the six columns may span six frequency
sub-carriers over one symbol, or may span one
sub-carrier over six symbols. C. Rate Four (and Three)
Coding For a rate four, 8-antenna 56 coding case, for
example, circulating matrices B2, B3, B4, B5, B and
Bgmay be derived from the following first STF code
matrix Bv. The matrices B2, B3,B4, B5, B and Bgcan be
derived from matrix B\ in a number of different
manners, such as in a manner explained above.
Irrespective of how the 



matrices B are derived, STF encoder 52 of an 8-antenna
transmitting entity 50 can then use those matrices to
code an input symbol stream in a circulating manner in
the frequency domain, as explained above. In such
instances, the rows of the matrices can be mapped to
antennas of the transmitting entity, and the columns
may be mapped to either different input symbols or
different sub-carriers.It should also be noted that
STF code matrices Bk for a rate-three case c arx be
derived from those for the rate- four case. In such
instances, the matrices Bk can be derived by only
considering six of the eight rows of the rate four
matrices Bk- According to one exemplary aspect of the
present invention, the functions performed by one or
more of the entities of the system, such as the
terminal 12, B S 14, BSC 16, MSC 18 and/or CN 22, may
be performed by various means, such as hardware and/or
firmware, including those described above, alone
and/or under control of one or more computer program
products. The computer program product(s) for
performing one or more functions of embodiments of the
present invention includes at least one
computer-readable storage medium, such as the
non-volatile storage medium, and software including
computer-readable program. code portions, such as a
series of computer instructions, embodied in the
computerreadable storage medium. In this regard, FIG.
5 is a control flow block diagram of methods, systems
and program products according to exemplary
embodiments of the present invention. It will be
understood that each block or step of the control flow
block diagram, and combinations of blocks in the
control flow block diagram, can be implemented by
various means, such as hardware, firmware, and/or
software including one or more computer program
instructions. As will be appreciated, an_y such
computer program instructions may be loaded onto a
computer or other programmable apparatus (i.e.,
hardware) to produce a machine, such that the
instructions which execute on the computer or other
programmable apparatus create means for implementing
the functions specified in the control flow block
diagram block(s) or step(s). These computer program
instructions may also be stored in a computer-readable
memory that can direct a computer or other
programmable apparatus to function in a particular
manner, such that the instructions stored in the
computer-readable memory produce an article of
manufacture including instruction means which
implement the function specified in the control flow
block diagram block(s) or step(s). The computer
program instructions may also be loaded onto a
computer or other programmable apparatus to cause a
series of operational steps to be performed on the
computer or other programmable apparatus to produce a
computer-implemented process such that
ttaeinstructions which execute on the computer or
other programmable apparatus provide steps for
implementing the functions specified in the control
flow block diagram block(s) or step(s). Accordingly,
blocks or steps of the control flow block diagram
support combinations of means for performing the
specified functions, combinations of steps for
performing the specified functions and program
instruction means for performing the specified
functions. It will also be understood that one or more
blocks or steps of the control flow block diagram, and
combinations of blocks or steps in the control flow
block diagram, can be implemented by special purpose
hardware-based computer systems which perform the
specified functions or steps, or combinations of
special purpose hardware and computer instructions.
Many modifications and other embodiments of the
invention will come to mind to one skilled in the art
to which this invention pertains having the benefit of
the teachings presented in the foregoing descriptions
and the associated drawings. Therefore, it is to be
understood that the invention is not to be limited to
the specific embodiments disclosed and that
modifications and other embodiments are intended to be
included within the scope of the appended claims.
Although specific terms are employed herein, they are
used in a generic and descriptive sense only and not
for purposes of limitation.WHAT IS CLAIMED IS: 1. A
multi-antenna communication entity comprising: a
space-time-frequency (STF) element capable of
processing a stream of a plurality of pieces of data,
wherein the space-time element is capable of coding
the pieces of data across space, time and frequency
dimensions based upon a plurality of STF codes, the
pieces of data being coded such that at least one STF
code in the frequency dimension differs from at least
one other STF code in the frequency dimension. 2. A
multi-antenna communication entity according to Claim
1, wherein the STF element is capable of coding the
pieces of data based upon a plurality of STF codes
that each comprise a matrix including a plurality of
columns and a plurality of rows, the rows extending
across the time and frequency dimensions and the
columns extending across the space dimension, and
wherein at least one STF code differs from at least
one other STF code by the exchange of at least two
rows of the other STF code. 3. A multi-antenna
communication entity according to Claim 1, wherein the
frequency dimension includes a plurality of frequency
bins, and wherein the STF element is capable of coding
the pieces of data such that the plurality of STF
codes sequentially circulates through sets of at least
one frequency bin in the frequency domain. 4. A
multi-antenna communication entity according to Claim
3, wherein the STF element is capable of coding the
pieces of data further such that the STF code for at
least some of the respective sets of at least one
frequency bin extends across the time domain at the
respective sets of at least one frequency bin. 5. A
multi-antenna communication entity according to Claim
3 adapted for four antennas, wherein the STF element
is capable of coding the pieces of data based upon at
least three STF codes that sequentially circulate
through sets of at least one frequency bin in the
frequency domain.6. A multi-antenna communication
entity according to Claim 5, wherein the STF element
is capable of coding the pieces of data based upon the



following three STF codes Ai, A2 and A3: and wherein S
, S2, S and 4 represent pieces of data, and S\, S 2,
S* and S * represent complex conjugates of the
respective pieces of data. 7. A multi-antenna
communication entity according to Claim 5, wherein the
STF element is capable of coding the pieces of data
based upon the following six STF codes 1, 2 , - 3, B4,
B5 and i?6: and wherein S1, S2, S3, S4, S5, S6, S1 and
8 represent pieces of data, and S\, S * 2, S* 3, S* 4,
S * 5, S * 6, S * 7 and S represent complex conjugates
of the respective pieces of data. 8. A network entity
in a multi-antenna transmission system, the entity
comprising: a space-time-frequency (STF) element
capable of processing a stream of a plurality of
pieces of data, wherein the space-time element is
capable of decoding the pieces of data across space,
time and frequency dimensions based upon a plurality
of STF codes,the pieces of data being decoded such
that at least one STF code in the frequency dimension
differs from at least one other STF code in the
frequency dimension. 9. A network entity according to
Claim 8, wherein the STF element is capable of
decoding the pieces of data based upon a plurality of
STF codes that each comprise a matrix including a
plurality of columns and a plurality of rows, the rows
extending across the time and frequency dimensions and
the columns extending across the space dimension, and
wherein at least one STF code differs from at least
one other STF code by the exchange of at least two
rows of the other STF code. 10. A network entity
according to Claim 8, wherein the frequency dimension
includes a plurality of frequency bins, and wherein
the STF element is capable of decoding the pieces of
data such that the plurality of STF codes sequentially
circulates through sets of at least one frequency bin
in the frequency domain. 11. A network entity
according to Claim 10, wherein the STF element is
capable of decoding the pieces of data further such
that the STF code for at least some of the respective
sets of at least one frequency bin extends across the
time domain at the respective sets of at least one
frequency bin. 12. A network entity according to Claim
10 adapted for a four-antenna transmission system,
wherein the STF element is capable of decoding the
pieces of data based upon at least three STF codes
that sequentially circulate through sets of at least
one frequency bin in the frequency domain. 13. A
network entity according to Claim 12, wherein the STF
element is capable of decoding the pieces of data
based upon the following three STF codes A A2 a A3:and
wherein S1, S2, S and 4 represent pieces of data, and
S\, S* 2, S * 3 and S * 4 represent complex conjugates
of the respective pieces of data. 14. A network entity
according to Claim 12, wherein the STF element is
capable of decoding the pieces of data based upon the
following six STF codes B , B2 , B , B , B5 and B6:
and wherein S1, S2, S3, S4, S5, S6, S1 and Ss
represent pieces of data, and S\, S* 2, S * 3, S * 4,
S * 5, S* 6, S* 7 and S represent complex conjugates
of the respective pieces of data. 15. A method of
space-time-frequency coding pieces of data, the method
comprising: receiving a stream of a plurality of
pieces of data in a multi-antenna transmission system;
and coding the pieces of data across space, time and
frequency dimensions based upon a plurality of
space-time-frequency (STF) codes, the pieces of data
being coded such that at least one STF code in the
frequency dimension differs from at least one other
STF code in the frequency dimension.16. A method
according to Claim 15, wherein the pieces of data are
coded based upon a plurality of STF codes that each
comprise a matrix including a plurality of columns and
a plurality of rows, the rows extending across the
time and frequency dimensions and the columns
extending across the space dimension, and wherein at
least one STF code differs from at least one other STF
code by the exchange of at least two rows of the other
STF code. 17. A method according to Claim 15, wherein
the frequency dimension includes a plurality of
frequency bins, and wherein the coding step comprises
coding the pieces of data such that the plurality of
STF codes sequentially circulates through sets of at
least one frequency bin in the frequency domain. 18. A
method according to Claim 17, wherein the coding step
comprises coding the pieces of data further such that
the STF code for at least some of the respective sets
of at least one frequency bin extends across the time 



domain at the respective sets of at least one
frequency bin. 19. A method according to Claim 17,
wherein the receiving step comprises receiving a
stream of a plurality of pieces of data in a four
antenna transmission system, and wherein the coding
step comprises coding the pieces of data based upon at
least three STF codes that sequentially circulate
through sets of at least one frequency bin in the
frequency domain. 20. A method according to Claim 19,
wherein the coding step comprises coding the pieces of
data based upon the following three STF codes Ai, A2
SOIdA3 :and wherein S1, S2, S3 and 4 represent pieces
of data, and S* , S * 2, S * 3 and S* 4represent
complex conjugates of the respective pieces of data. 2
1. A method according to Claim 19, wherein the coding
step comprises coding the pieces of data based upon
the following six STF codes 1, 2?2 , B , B4, B5 and
B6: and wherein S1, S2, S3, S4, S5, S6, S7 and S
represent pieces of data, and S* , S * 2, S * 3, S *
4, S* 5, S* 6, S* and S* s represent complex
conjugates of the respective pieces of data. 22. A
method of space-time- frequency decoding pieces of
data, the method comprising: receiving a stream of a
plurality of pieces of data in a multi-antenna
transmission system; and decoding the pieces of data
across space, time and frequency dimensions based upon
a plurality of space-time-frequency (STF) codes, the
pieces of data being decoded such that at least one
STF code in the frequency dimension differs from at
least one other STF code in the frequency dimension.
23. A method according to Claim 22, wherein the pieces
of data are decoded based upon a plurality of STF
codes that each comprise a matrix including a
plurality of columns and a plurality of rows, the rows
extending across the timeand frequency dimensions and
the columns extending across the space dimension, and
wherein at least one STF code differs from at least
one other STF code by the exchange of at least two
rows of the other STF code. 24. A method according to
Claim 22, wherein the frequency dimension includes a
plurality of frequency bins, and wherein the decoding
step comprises decoding the pieces of data such that
the plurality of STF codes sequentially circulates
through sets of at least one frequency bin in the
frequency domain. 25. A method according to Claim 24,
wherein the decoding step comprises decoding the
pieces of data further such that trie STF code for at
least some of the respective sets of at least one
frequency bin extends across the time domain at the
respective sets of at least one frequency bin. 26. A
method according to Claim 24, wherein the receiving
step comprises receiving a stream of a plurality of
pieces of data in a four antenna transmission system,
and wherein the decoding step comprises decoding the
pieces of data based upon at least three STF codes
that sequentially circulate through sets of at least
one frequency bin in the frequency domain. 27. A
method according to Claim 26, wherein the decoding
step comprises decoding the pieces of data based upon
the following three STF codes and wherein S1, S2, S3
and S4 represent pieces of data, and S\, S * 2, S 3
and S\ represent complex conjugates of the respective
pieces of data.28. A method according to Claim 26,
wherein the decoding step comprises decoding the
pieces of data based upon the following six STF codes
B\, B2 , B , B4, B5 and B6: and wherein S1, S2, S ,
S4, S5, S6, S1 and 8 represent pieces of data, and * !
, S * 2, S\, S\, S\, S * 6, S * and S * s represent
complex conjugates of the respective pieces of data.
29. A computer program product for space-time-
frequency coding pieces of data, the computer program
product comprising at least one computerreadable
storage medium of at least one anchor network entity,
the at least one computer-readable storage medium
having computer-readable program code portions stored
therein, the computer-readable program code portions
comprising: a first executable portion for receiving a
stream of a plurality of pieces of data in a
multi-antenna transmission system; and a second
executable portion for coding the pieces of data
across space, time and frequency dimensions based upon
a plurality of space-time-frequency (STF) codes, the
pieces of data being coded such that at least one STF
code in the frequency dimension differs from at least
one other STF code in the frequency dimension. 30. A
computer program product according to Claim 29,
wherein the second executable portion is adapted to
code the pieces of data based upon a 



plurality of STF codes that each comprise a matrix
including a plurality of columnsand a plurality of
rows, the rows extending across the time and frequency
dimensions and the columns extending across the space
dimension, and wherein at least one STF code differs
from at least one other STF code by the exchange of at
least two rows of the other STF code. 31. A computer
program product according to Claim 29, wherein the
frequency dimension includes a plurality of frequency
bins, and wherein the second executable portion is
adapted to code the pieces of data such that the
plurality of STF codes sequentially circulates through
sets of at least one frequency bin in the frequency
domain. 32. A computer program product according to
Claim 31, wherein the second executable portion is
adapted to code the pieces of data further such that
the STF code for at least some of the respective sets
of at least one frequency bin extends across the time
domain at the respective sets of at least one
frequency bin. 33. A computer program product
according to Claim 31, wherein the first executable
portion is adapted to receive a stream of a plurality
of pieces of data in a four antenna transmission
system, and wherein the second executable portion is
adapted to code the pieces of data based upon at least
three STF codes that sequentially circulate through
sets of at least one frequency bin in the frequency
domain. 34. A computer program product according to
Claim 33, wherein the second executable portion is
adapted to code the pieces of data t>ased upon the
following three STF codes Ai, A2 and A3: and wherein
S1, S2, S3 and 4 represent pieces of data, and S* v S*
2, S* and S* 4represent complex conjugates of the
respective pieces of data.35. A computer program
product according to Claim 33, wherein the second
executable portion is adapted to code the pieces of
data based upon the and wherein S1, S2, S3, S , S5,
S6, S1 and Ss represent pieces of data, and S\, S* 2,
S* 3, S\, S * 5, S* 6, S 7 and S\ represent complex
conjugates of the respective pieces of data. 36. A
computer program product for space-time-frequency
decoding pieces of data, the computer program product
comprising at least one computerreadable storage
medium of at least one anchor network entity, the at
least one computer-readable storage medium having
computer-readable program decode portions stored
therein, the computer-readable program decode portions
comprising: a first executable portion for receiving a
stream of a plurality of pieces of data in a
multi-antenna transmission system; and a second
executable portion for decoding the pieces of data
across space, time and frequency dimensions based upon
a plurality of space-time-frequency (STF) codes, the
pieces of data being decoded such that at least one
STF code in the frequency dimension differs from at
least one other STF code in the frequency dimension.
37. A computer program product according to Claim 36,
wherein the second executable portion is adapted to
decode the pieces of data based upon aplurality of STF
codes that each comprise a matrix including a
plurality of columns and a plurality of rows, the rows
extending across the time and frequency dimensions and
the columns extending across the space dimension, and
wherein at least one STF code differs from at least
one other STF code by the exchange of at least two
rows of the other STF code. 38. A computer program
product according to Claim 36, wherein the frequency
dimension includes a plurality of frequency bins, and
wherein the second executable portion is adapted to
decode the pieces of data such that the plurality of
STF codes sequentially circulates through sets of at
least one frequency bin in the frequency domain. 39. A
computer program product according to Claim 38,
wherein the second executable portion is adapted to
decode the pieces of data further such that the STF
code for at least some of the respective sets of at
least one frequency bin extends across the time domain
at the respective sets of at least one frequency bin.
40. A computer program product according to Claim 38,
wherein the first executable portion is adapted to
receive a stream of a plurality of pieces of data in a
four antemia transmission system, and wherein the
second executable portion is adapted to decode the
pieces of data based upon at least three STF codes
that sequentially circulate through sets of at least
one frequency bin in the frequency domain. 4 1. A
computer program product according to Claim 40,
wherein the second executable portion is adapted to
decode the pieces of data based upon the following
three STF codes Ai, A2 andA3.and wherein S , S2, S3
and 4 represent pieces of data, and S* , S* 2, S * 3
and S \ represent complex conjugates of the respective
pieces of data. 42. A computer program product
according to Claim 40, wherein the second executable
portion is adapted to decode the pieces of data based
upon the following six STF codes Bx,B2 , B , BL, B5
and B6: and wherein S1, S2, S3, S , S5, S6, S7 and Ss
represent pieces of data, and S\ , S* 2, S* 3, * 



4, S* 5, S\, S* 7 and S* represent complex conjugates
of the respective pieces of data. 43. A terminal for
space-time-frequency coding pieces of data, the
terminal comprising: a first means for receiving a
stream of a plurality of pieces of data in a
multi-antenna transmission system; and a second means
for coding the pieces of data across space, time and
frequency dimensions based upon a plurality of
space-time-frequency (STF) codes, the pieces of data
being coded such that at least one STF code in the
frequency dimension differs from at least one other
STF code in the frequency dimension. 44. A terminal
according to Claim 43, wherein the second means is
adapted to code the pieces of data based upon a
plurality of STF codes that each comprise a matrix
including a plurality of columns and a plurality of
rows, therows extending across the time and frequency
dimensions and the columns extending across the space
dimension, and wherein at least one STF code differs
from at least one other STF code by the exchange of at
least two rows of the other STF code. 45. A terminal
according to Claim 43, wherein the frequency dimension
includes a plurality of frequency bins, and wherein
the second means is adapted to code the pieces of data
such that the plurality of STF codes sequentially
circulates through sets of at least one frequency bin
in the frequency domain. 46. A terminal according to
Claim 45, wherein the second means is adapted to code
the pieces of data further such that the STF code for
at least some of the respective sets of at least one
frequency bin extends across the time domain at the
respective sets of at least one frequency bin. 47. A
terminal according to Claim 45, wherein the first
means is adapted to receive a stream of a plurality of
pieces of data in a four antenna transmission system,
and wherein the second means is adapted to code the
pieces of data based upon at least three STF codes
that sequentially circulate through sets of at least
one frequency bin in the frequency domain. 48. A
terminal according to Claim 47, wherein the second
means is adapted to code the pieces of data based upon
the following three STF codes Ai, A2 and wherein S1,
S2, S3 and S represent pieces of data, and S* S * 2,
S* 3 and S represent complex conjugates of the
respective pieces of data.49. A terminal according to
Claim 47, wherein the second means is adapted to code
the pieces of data based upon the following six STF
codes i 2 , B , B , B5 and B6: and wherein S1, , S3,
S4, S5, S6, S7 and S8 represent pieces of data, and
S\, S * 2, S * 3, S* 4, S * 5, S * 6, S * 7 and S
represent complex conjugates of the respective pieces
of data. 50. A terminal for space-time-frequency
decoding pieces of data, the terminal comprising: a
first means for receiving a stream of a plurality of
pieces of data in a multi-antenna transmission system;
and a second means for decoding the pieces of data
across space, time and frequency dimensions based upon
a plurality of space-time-frequency (STF) codes, the
pieces of data being decoded such that at least one
STF code in the frequency dimension differs from at
least one other STF code in the frequency dimension.
51. A terminal according to Claim 50, wherein the
second means is adapted to decode the pieces of data
based upon a plurality of STF codes that each comprise
a matrix including a plurality of columns and a
plurality of rows, the rows extending across the time
and frequency dimensions and the columns extending
across the space dimension, and wherein at least one
STF code differs from at least one other STF code by
the exchange of at least two rows of the other STF
code.52. A terminal according to Claim 50, wherein the
frequency dimension includes a plurality of frequency
bins, and wherein the second means is adapted to
decode the pieces of data such that the plurality of
STF codes sequentially circulates through sets of at
least one frequency bin in the frequency domain. 53. A
terminal according to Claim 52, wherein the second
means is adapted to decode the pieces of data further
such that the STF code for at least some of the
respective sets of at least one frequency bin extends
across the time domain at the respective sets of at
least one frequency bin. 54. A terminal according to
Claim 52, wherein the first means is adapted to
receive a stream of a plurality of pieces of data in a
four antenna transmission system, and wherein the
second means is adapted to decode the pieces of data
based upon at least three STF codes that sequentially
circulate through sets of at least one frequency bin
in the frequency domain. 55. A terminal according to
Claim 54, wherein the second means is adapted to
decode the pieces of data based upon the following
three STF codes A , A2 and A3: and wherein S S2, S3
and 4 represent pieces of data, and S* , S* 



2, S* 3 and S * represent complex conjugates of the
respective pieces of data. 56. A terminal according to
Claim 54, wherein the second means is adapted to
decode the pieces of data based upon the following six
STF codes B\ , -52 , B3, B4, B5 and B6:MULTIMEDIACARD
INTERFACEMETHOD, COMPUTER PROGRAM PRODUCT AND
APPARATUS TECHNICAL FIELD: The exemplary embodiments
of this invention relate generally to removable memory
modules containing memory devices and, more
specifically, relate to interfaces to removal memory
modules such as, but not limited to, one known as a
MultiMediaCard (MMC) and one known as a Secure Digital
(SD) memory card. BACKGROUND: hi removable memory
modules, such as the MMC, busy signaling is defined in
relation to, for example, data programming. The busy
signal is output from the MMC to a host device and is
used to indicate, in this case: "buffer ready for next
data". An erase command also uses the busy signal, but
in this case it indicates "erase busy". As there is
generally only one busy signal line present in order
to conserve pin count, the usage of the busy signal is
not flexible. The current definition for the busy
signal in the MMC Association (MMCA) System is based
on the fact that the software layers of the host
device are typically implemented in such a way that
data is transferred in blocks, for example in 16k byte
blocks. It is thus practical to use so-called multiple
block write commands, as one block of data transferred
over the MMC interface is only a fraction of the host
device block size (typically the MMC block is 512
bytes). As the meaning of the busy signal is
currently, for the data transfer case, "buffer ready,"
the host may transfer multiple 512 byte blocks of data
to the MMC without polling the status of the buffers.
However, as currently specified a problem is
encountered in that after the last block has been
transferred (e.g., the last 512 byte block of the
total 16k byte block) the host must begin polling a
"programming ready" status signal, which becomes
relevant at this point since there are no new blocks
to be transferred. Requiring the host to poll the
programready status signal is an inefficient use of
the host's processing capacity. SUMMARY OF THE
INVENTION The foregoing and other problems are
overcome, and other advantages are realized, in
accordance with the exemplary embodiments of this
invention. In a first aspect thereof this invention
provides a method to interface a first unit to a
second unit over a bus that comprises a signal line.
The method includes driving first information from the
first unit to the second unit over the signal line;
driving the signal line from the second unit to cause
a change of state; interpreting the change of state of
the signal line at the first unit to have a first
meaning and in response driving second information to
the signal line from the first unit; driving the
signal line from the second unit to cause a change of
state and interpreting the change of state of the
signal line at the first unit to have a second
meaning. In a second aspect thereof this invention
provides a computer program product contained in a
computer-readable medium and comprised of program
instructions for performing an operation of
interfacing a first unit to a second unit over a bus
that comprises a signal line. The operations include
driving first information from the first unit to the
second unit over the signal line; driving the signal
line from the second unit to cause a change of state;
interpreting the change of state of the signal line at
the first unit to have a first meaning and in response
driving second information to the signal line from the
first unit; driving the signal line from the second
unit to cause a change of state and interpreting the
change of state of the signal line at the first unit
to have a second meaning. In a third aspect thereof
this invention provides apparatus to interface a first
unit to a second unit over a bus that comprises a
signal line. The apparatus in this embodiment includes
a driver at the first unit coupled to the signal line
and a receiver at the first unit coupled to the signal
line. The driver is operable to drive first
information from the first unit to the second unit
over the signal line and the receiver is operable
toreceive a change - of state of the signal line
driven from the second unit. A controller at the first
unit isoperable to interpret the change of state of
the signal line to have a first meaning after driving
the first information and to have a second meaning
after driving second information from the first unit
to the second unit over the signal line. The first
unit may comprise a host and the second unit may
comprise a memory card. In a fourth third aspect
thereof this invention provides apparatus to interface
a first unit to a second unit over a bus that
comprises a signal line. The apparatus in this
embodiment includes a driver at the first unit coupled
to the signal line and a receiver at the first unit
coupled to the signal line. The receiver is operable
to receive first information from the second unit over
the signal line and the driver is operable to drive a
change of state of the signal line to the second unit.
A controller at the first unit causes the change of
state of the signal line to have a first meaning after
receiving the first information and to have a second
meaning after receiving second information from the
second unit over the signal line. The first unit may
comprise a memory card and the second unit may
comprise a host. In a further aspect thereof this
invention provides a method to communicate data from a
first unit to a second unit over a bus. The method
includes initiating an n-block data transfer, where n
> 1; for a first n-1 data blocks transferred from the
first unit to the second unit, controlling a status
signal generated by the second unit to be a buffer
busy/ready status signal after each of the n-1 data
blocks to inform the first unit of when the first unit
may transfer the next data block; and for the nth data
block transferred from the first unit to the second
unit, controlling the status signal to be a
programming busy/ready status signal after the nt data
block to inform the first unit of a termination of
internal programming, if any, by the second unit. In a
further aspect thereof this invention provides a
computer program product contained in a
computer-readable medium and comprised of program
instructions for performing an operation of
communicating data from a first unit to a second unit
over a bus. The operations include initiating an
7z-block data transfer, where n > 1; for a first n-1
data 



blocks transferred from the first unit to the second
unit, controlling a status signal generated by the
second unit to be a buffer busy/ready status signal
after each of the n-1data blocks to inform the first
unit of when the first unit may transfer the next data
block; and for the nth data block transferred from the
first unit to the second unit, controlling the status
signal to be a programming busy/ready status signal
after the nth data block to inform the first unit of a
termination of internal programming, if any, by the
second unit. In a still further aspect thereof this
invention provides apparatus to communicate data from
a first unit to a second unit over a bus. The
apparatus includes a controller to initiate an r-block
data transfer, where n > 1. For a first n-1 data
blocks transferred from the first unit to the second
unit the second unit controls a status signal to be a
buffer busy/ready status signal after each of the n-1
data blocks to inform the first unit of when the first
unit may transfer the next data block; and for the th
data block transferred from the first unit to the
second unit the second unit controls the status signal
to be a programming busy/ready status signal after the
data block to inform the first unit of a termination
of internal programming, if any, by the second unit.
In accordance with another mode of operation, the
embodiments of this invention include a method, a
computer program product and apparatus to communicate
data from a first unit to a second unit over a bus.
The method includes initiating an ra-block data
transfer, where n > 1; for a first n-1 data blocks
transferred from the first unit to the second unit,
controlling a status signal generated by the second
unit to be a buffer busy/ready status signal after
each of the n-1 data blocks to inform the first unit
of when the first unit may transfer the next data
block; and after the nth data block transferred from
the first unit to the second unit, sending a stop
transmission command to the second unit, and
controlling the status signal to be a programming
busy/ready status signal to inform the first unit of a
termination of internal programming, if any, by the
second unit. BRIEF DESCRIPTION OF THE DRAWINGS The
foregoing and other aspects of the exemplary
embodiments of this invention are made more evident in
the following Detailed Description, when read in
conjunction with the attached Drawing Figures,
wherein: Fig. 1 is block diagram shown a first unit
coupled to a second unit over a bus; andFig. 2 is an
exemplary waveform diagram that illustrates the
operation of this invention. DETAILED DESCRIPTION OF
THE INVENTION Fig. 1 shows a first unit, such as a
host 1, connected to a second unit, such as a memory
card 2 (e.g., a MMC), by a bus 3 that includes a busy
signal 4 associated with a data line 5. Also shown are
a command (CMD) line 6 over which the host 1 issues
commands to the card 2, and a clock (CLK) line 7. In
general, the bus 3 may be compatible with one defined
as "The MultiMediaCard, System Specification, Version
3.31, MMCATechnical Committee", 2003, except as
modified in accordance with the embodiments of this
invention to provide the multiple-use or multi-mode
busy signal 4. It should be appreciated, however, that
the embodiments of this invention are not to be
construed as being limited for use only with
MMC-compatible cards, interfaces and buses. The host 1
may be a cellular telephone, or a digital camera, or a
PC, or any suitable device that can accommodate the
use of the memory card 2. The host 1 is assumed to
include a driver IA and a receiver IB coupled to the
data signal line 5, and control logic 1C coupled to
the driver IA and the receiver IB and operable in
accordance with the teachings of this invention. The
memory card 2 is assumed to include a driver 2A and a
receiver 2B coupled to the data signal line 5, and
control logic 2C coupled to the driver 2A and the
receiver 2B and further operable in accordance with
the teachings of this invention. The exemplary
embodiments of this invention provide for changing the
meaning of the busy signal 4 during command execution.
For the case of the MMC data transfer operation this
implies that for the first data blocks sent the busy
signal 4 is used and interpreted by the host 1 as
defined currently (i.e., "buffer busy/ready"), but for
the last data block the busy signal 4 is interpreted
as "programming busy/ready". It should be noted that
during the data transfer there may be data programming
ongoing within the MMC 2. Thus, the "programming
busy/ready" status signal is used to inform the host 1
when the internal programming of the memory card 2 is
completed.By the use of the exemplary embodiments of
this invention there is no need for the host 1 to poll
the internal "program busy/ready" status signal of the
MMC 2, thereby conserving the host interface (IF)
resources. Instead, the host 1can continue to use the
more efficient busy signal-based iriterrupt-driven
mode of operation for the entire data transfer. In
addition, the use of the embodiments of this invention
implies that fewer software timers are required (such
as those used to time a polling operation), thereby
simplifying the implementation. The use of the
embodiments of this invention also implies that
performance enhancements can be realized; that
backward and forward compatibility are made possible;
and that parallel activity implementation usage is
made possible in an effective manner. Two exemplary
modes of operation are now described. It should be
appreciated that there are more than just these two
modes of operation that are enabled by the use of the
embodiments of this invention. A first mode of
operation is referred to as a multiple block write.
For MMC-compatible operation the command sequence is
as follows: CMD16 (Set_Block_Length); CMD23
(Set_Block_Count); from this information the MMC 2 can
determine which block of data is the last block; and
CMD24 (Write_Block); write multiple blocks of data.
This command sequence is then followed by sending the
data blocks on the data line 5 to the MMC 2. Between
every data block there is busy signaling on the data
line 5. The meaning of busy in this case is "buffer
busy/ready". As soon as the busy signal is deasserted
(goes high) the host 1 can send the next data block to
the MMC 2. As was noted above, during the data
transfer there maybe data programming ongoing within
the MMC 2. hi accordance with an aspect of this
invention after the MMC 2 receives the last data block
it changes the meaning of the busy signal 4 to
"programmingbusy/ready". This means that the host
1does not need to begin polling the programming status
of theMMC 2, but can instead continue to wait for a
busy interrupt in this phase of the access as
well.However, the occurrence of the busy interrupt is
interpreted by the host 1 as an 



occurrence of the "programming ready" status
indication. A second mode of operation is referred to
as an open ended multiple block write. For
MMC-compatible operation the command sequence is as
follows: CMD16 (Set_Block_Length); CMD25
(Write_Multiple_Block); Sending of data blocks on data
line 5; and CMD12 (Stop_Transmission); from this
information the MMC 2 knows that the last block of
data has already been sent. Between every data block
there is busy signaling occurring on the data line 5.
The meaning of busy in this case is "buffer
busy/ready". As soon as the busy signal is deasserted
the host 1can send the next data block to the MMC 2.
During the data transfer there may be data programming
ongoing within theMMC 2. hi accordance with an aspect
of this invention after the MMC 2 receives the stop
command (CMD12) it again sets the busy signal, but in
this case the meaning of the busy signal 4 is again
"programming busy/ready". It can be noted that there
are several possible timeslots during which the CMD12
can be sent to the MMC 2, and that these can affect
the meaning and interpretation of the busy signal 4.
Fig. 2 is a waveform diagram that illustrates a mode
of operation wherein the CMD23 (Set_Block_Count) and
CMD25 (Write_Multirle_Block) are sent on the CMD
signal line 6, and shows the data line 5 conveying the
first and last blocks of data, and the use of the
dual-mode Busy signal 4 that is driven by the card 2
to indicate one of "buffer busy/ready" and
"programming busy/ready". As an alternative embodiment
separate busy lines could be used for different types
of status indications (e.g. in this case for buffer
status and programming status). However, this approach
would require more physical pins, and is not backwards
compatible.In contradistinction to previous uses for
the busy signal 4, in accordance with aspects of this
invention the meaning of the busy signal 4 is changed
within the same command (e.g., the multiple block
write) and between transferred data blocks. It is
within the scope of the exemplary embodiments of this
invention for the host 1 to program the MMC 2 to
select the mode of operation of the busy signaling.
For example, at power-on reset the MMC 2 may default
to the conventional use of the busy signaling, but may
then be programmed by the host 1to operate with the
multi-mode use of the busy signaling (e.g., buffer
busy/readyandprogrammingbusy/ready). Alternatively,the
poweron mode of operation maybe defined to be the
multi-mode use of the busy signaling, and the host 1
may then program the MMC 2 to employ the conventional
busy/ready signaling. In one aspect thereof then the
embodiments of this invention provide the memory card
2 that comprises a bus interface for coupling to the
host 1through the bus 3 that comprises the data signal
line 5. The bus interface includes the driver 2A
coupled to the data signal line and the receiver 2B
also coupled to the data signal line 5. The receiver
2B is operable to receive first information from the
host 1 over the data signal line 5. The driver 2A is
operable to drive a change of state (as a transition
of the busy signal 4) of the data signal line 5 to the
host 1. The memory card 2 further includes the control
logic or controller 2C that coupled to the driver 2A
and to the receiver 2B and that is operable to cause
the change of state of the data signal line 5 to have
a first meaning (e.g., "bufferbusy/ready") after
receiving the first information and to have a second
meaning (e.g., "programming busy/ready") after
receiving second information from the host 1over the
data signal line 5. The bus 3 further includes the
command signal line 6, and the controller 2C is
responsive to at least one command received through
the command signal line 6 from the host 1 for causing
the change of state of the data signal line 5 to have
the first meaning after receiving the first
information and to have the second meaning after
receiving second information from the host 1 over the
data signal line 5.The controller 2C may be responsive
to programming received from the host 1 for
determining the meaning of the change of state of the
data signal line 5 to have one of the first meaning
after receiving the first information and to have the
second meaning after receiving the second information
from the host over the data signal line, or to have
the first meaning after receiving the first
information and to also have the first meaning after
receiving the second information from the host 1 over
the data signal line 5. The foregoing description has
provided by way of exemplary and non-limiting examples
a full and informative description of the best method
and apparatus presently contemplated by the inventors
for carrying out the invention. However, various
modifications and adaptations may become apparent to
those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with
the accompanying drawings and the appended claims. As
but some examples of alternative embodiments, the use
of other similar or equivalent signaling protocols and
module types may be attempted by those skilled in the
art. Further, the busy signal 4 can be made to assume
more than two meanings during a single data transfer
command. As an example, when transferring three data
blocks the busy signal 4 could have a first meaning
after the first data block is transferred, a second
meaning after the second data block is transferred,
and a third meaning after the third data block is
transferred. Further in this regard, the busy signal
can be used to indicate a plurality of different
states during execution of a multi-phase command. For
example, assume the use of a multi-phase erase command
where address(es) to be erased are sent of the command
line, and where the busy signal 4 indicates after the
first address(es) are received that further
address(es) can be sent, and after the last
address(es) to be erased are sent the busy signal 4
indicates the erase status. However, all such and
similar modifications of the teachings of this
invention will still fall within the scope of the
embodiments of this invention. Furthermore, some of
the features of the exemplary embodiments of this
invention maybe used to advantage without the
corresponding use of other features. As such, the
foregoing description should be considered as merely
illustrative of the principles, teachings and
embodiments of this invention, and not in limitation
thereof.CLAIMS What is claimed is: 



1. A method to interface a first unit to a second unit
over a bus that comprises a signal line, comprising:
driving first information from the first unit to the
second unit over the signal line; driving the signal
line from the second unit to cause a change of state;
interpreting the change of state of the signal line at
the first unit to have a first meaning and in response
driving second information to the signal line from the
first unit; driving the signal line from the second
unit to cause a change of state; and interpreting the
change of state of the signal line at the first unit
to have a second meaning. 2.A computer program product
contained in a computer-readable medium and comprised
of program instructions for performing an operation of
interfacing a first unit to a second unit over a bus
that comprises a signal line, the operations
comprising: driving first information from the first
unit to the second unit over the signal line; driving
the signal line from the second unit to cause a change
of state; interpreting the change of state of the
signal line at the first unit to have a first meaning
and in response driving second information to the
signal line from the first unit; driving the signal
line from the second unit to cause a change of state;
andinterpreting the change of state of the signal line
at the first unit to have a second meaning. 3.
Apparatus to interface a first unit to a second unit
over a bus that comprises a signal line, comprising a
driver at said first unit coupled to said signal line
and a receiver at said first unit coupled to the
signal line, said driver being operable to drive first
information from the first unit to the second unit
over the signal line; said receiver being operable to
receive a change of state of the signal line driven
from the second unit; and a controller at said first
unit to interpret the change of state of the signal
line to have a first meaning after driving the first
information and to have a second meaning after driving
second information from the first unit to the second
unit over the signal line. 4. Apparatus as in claim 3,
where said first unit comprises a host and where said
second unit comprises a memory card. 5. Apparatus to
interface a first unit to a second unit over a bus
that comprises a signal line, comprising a driver at
said first unit coupled to said signal line and a
receiver at said first unit coupled to the signal
line, said receiver being operable to receive first
information from the second unit over the signal line;
said driver being operable to drive a change of state
of the signal line to the second unit; and a
controller at said first unit to cause the change of
state of the signal line to have a first meaning after
receiving the first information and to have a second
meaning after receiving second information from the
second unit over the signal line. 6. Apparatus as in
claim 5, where said first unit comprises a memory card
and where said second unit comprises a host. 7. A
method to communicate data from a first unit to a
second unit over a bus, comprising: initiating an
"-block data transfer, where n > l ;for a first n-1
data blocks transferred from the first unit to the
second unit, controlling a status signal generated by
the second unit to be a buffer busy/ready status
signal after each of the n-1 data blocks to inform the
first unit of when the first unit may transfer the
next data block; and for the data block transferred
from the first unit to the second unit, controlling
said status signal to be a programming busy/ready
status signal after the th data block to inform the
first unit of a termination of internal programming,
if any, by the second unit. 8. A method as in claim 7,
where the first unit is comprised of a host, and where
the second unit is comprised of a memory module. 9. A
method as in claim 7, where the first unit is
comprised of a cellular telephone, and where the
second unit is comprised of a memory card. 10. A
method as in claim 7, where said first unit receives
said status signal after each of the n data blocks in
an interrupt-driven mode of operation. 11. A computer
program product contained in a computer-readable
medium and comprised of program instructions for
performing an operation of communicating data from a
first unit to a second unit over a bus, the operations
comprising: initiating an 77-block data transfer,
where n > 1; for a first n-1 data blocks transferred
from the first unit to the second unit, controlling a
status signal generated by the second unit to be a
buffer busy/ready status signal after each of the n-1
data blocks to inform the first unit of when the first
unit may transfer the next data block; and for the nth
data block transferred from the first unit to the
second unit, controlling said status signal to be a
programming busy/ready status signal after the nth
data block to inform the first unit of a termination
of internal programming, if any, by the second
unit.12. A computer program product as in claim 11,
where the first unit is comprised of a host, and where
the second unit is comprised of a memory module. 13. A
computer program product as in claim 11, where the
first unit is comprised of a cellular telephone, and
where the second unit is comprised of a memory card.
14. A computer program product as in claim 11, where
said first unit receives said status signal after each
of the n data blocks in an interrupt-driven mode of
operation. 15. Apparatus to communicate data from a
first unit to a second unit over a bus, comprising a
controller to initiate an n-block data transfer, where
n > 1, where for a first n-1 data blocks transferred
from the first unit to the second unit said second
unit controls a status signal to be a buffer
busy/ready status signal after each of the n-1 data
blocks to inform the first unit of when the first unit
may transfer the next data block; and for the nth data
block transferred from the first unit to the second
unit said second unit controls said status signal to
be a programming busy/ready status signal after the th
data block to inform the first unit of a termination
of internal programming, if any,by the second unit.
16. Apparatus as in claim 15, where the first unit is
comprised of a host, and where the second unit is
comprised of a memory module. 17. Apparatus as in
claim 15, where the first unit is comprised of a
cellular telephone, and where the second unit is
comprised of a memory card. 18. Apparatus as in claim
15, where said first unit receives said status signal
after each of 



the n data blocks in an interrupt-driven mode of
operation. 19. A method to communicate data from a
first unit to a second unit over a bus, comprising:
initiating an n-block data transfer, where n > 1;for a
first n-1 data blocks transferred from the first unit
to the second unit, controlling a status signal
generated by the second unit to be a buffer busy/ready
status signal after each of the n-1 data blocks to
inform the first unit of when the first unit may
transfer the next data block; and after the th data
block transferred from the first unit to the second
unit, sending a stop transmission command to the
second unit, and controlling said status signal to be
a programming busy/ready status signal to inform the
first unit of a termination of internal programming,
if any, by the second unit. 20. A method as in claim
19, where the first unit is comprised of a host, and
where the second unit is comprised of a memory module.
21.Amethod as in claim 19, where the first unit is
comprised of a cellular telephone, and where the
second unit is comprised of a memory card. 22. A
method as in claim 19, where said first unit receives
said status signal after each of the n data blocks in
an interrupt-driven mode of operation. 23. A computer
program product contained in a computer-readable
medium and comprised of program instructions for
performing an operation of communicating data from a
first unit to a second unit over a bus, the operations
comprising: initiating an n-block data transfer, where
n > 1; for a first n-1 data blocks transferred from
the first unit to the second unit, controlling a
status signal generated by the second unit to be a
buffer busy/ready status signal after each of the n-1
data blocks to inform the first unit of when the first
unit may transfer the next data block; and after the
th data block transferred from the first unit to the
second unit, sending a stoptransmission command to the
second unit, and controlling said status signal to be
a programming busy/ready status signal to inform the
first unit of a termination of internal programming,
if any, by the second unit. 24. A computer program
product as in claim 23, where the first unit is
comprised of a host, and where the second unit is
comprised of a memory module. 25. A computer program
product as in claim 23, where the first unit is
comprised of a cellular telephone, and where the
second unit is comprised of a memory card. 26. A
computer program product as in claim 23, where said
first unit receives said status signal after each of
the n data blocks in an interrupt-driven mode of
operation. 27. Apparatus to communicate data from a
first unit to a second unit over a bus, comprising a
controller to initiate an n-block data transfer, where
n > 1, where for a first n-1 data blocks transferred
from the first unit to the second unit said second
unit controls a status signal to be a buffer
busy/ready status signal after each of the n-1 data
blocks to inform the first unit of when the first unit
may transfer the next data block; and after the nth
data block transferred from the first unit to the
second unit, sending a stop transmission command to
the second unit, and controlling said status signal to
be a programming busy/ready status signal to inform
the first unit of a termination of internal
programming, if any, by the second unit. 28. Apparatus
as in claim 27, where the first unit is comprised of a
host, and where the second unit is comprised of a
memory module. 29. Apparatus as in claim 27, where the
first unit is comprised of a cellular telephone, and
where the second unit is comprised of a memory card.
30. Apparatus as in claim 27, where said first unit
receives said status signal after each of the n data
blocks in an interrupt-driven mode of operation.31. A
memory card comprising a bus interface for coupling to
a host through a bus that comprises a data signal
line, comprising a driver at saidmemorycard coupled to
said data signal line and a receiver at said memory
card coupled to the data signal line, said receiver
being operable to receive first information from the
host over the data signal line; said driver being
operable to drive a change of state of the data signal
line to the host; further comprising a controller
coupled to said driver and to said receiver and
operable to cause the change of state of the data
signal line to have a first meaning after receiving
the first information and to have a second meaning
after receiving second information from the host over
the data signal line. 32. A memory card as in claim
31, where said bus is further comprised of a command
signal line, and where the controller is responsive to
at least one command received through the command
signal line from the host for causing the change of
state of the data signal line to have the first
meaning after receiving the first information and to
have the second meaning after receiving second
information from the host over the data signal line.
33. A memory card as in claim 31, where said
controller is responsive to programming received from
the host for determining the meaning of the change of
state of the data signal line to have one of the first
meaning after receiving the first information and to
have the second meaning after receiving the second
information from the host over the data signal line,
or to have the first meaning after receiving the first
information and to also have the first meaning after
receiving the second information from the host over
the data signal line. 


