
WO 2004/075442 PCT/US2004/004700  METHODS AND
APPARATUS OF ENHANCED CODING IN MULTI-USER
COMMUNICATION SYSTEMS FIELD OF THE INVENTION  5 The
present invention is directed to improved methods of
coding and transmitting  information in a wireless
communications system. BACKGROUND  10 Superposition
coding will be discussed in multi-user communications
systems.  Multi-user communication systems involve
several transmitters and receivers communicating  with
each other and may use one or more communications
methods. In general, multi-user  communication methods
may be categorized into one of two scenarios: 15 (a) A
single transmitter communicating with several
receivers, commonly referred to as a  broadcast
communications method, and (b) Several transmitters
communicating to a common receiver, which is commonly
referred  to as a multiple-access communications
method. 20 The broadcast communications method is
commonly known in the communications and  information
theory literature as the `broadcast channel' and will
be referred to as such in the rest  of this document.
The `broadcast channel' refers to the physical
communication channels  between the transmitter and
the multiple receivers as well as the communication
resources used 25 by the transmitter to communicate.
Similarly, the multiple-access communications method
is  widely known as the `multiple-access channel' and
the remainder of this document will use this
terminology. Once again, the `multiple-access channel'
refers to the physical communication  channels between
the multiple transmitters and the common receiver,
along with the  communication resources used by the
transmitters. The broadcast communications method is
30 frequently used to implement the downlink
communication channel in a typical cellular wireless
system, where the base station broadcasts to a
plurality of wireless terminals, while the uplink
channel in such a system is commonly implemented using
the multiple-access communications  method, where a
plurality of wireless terminals may transmit signaling
to a base station. 



WO 2004/075442 PCT/US2004/004700  -2 The transmission
resource in the multi-user communication system can
generally be  represented in time, frequency or code
space. Information theory suggests that the capacity
of  the system can be increased in both scenarios, in
particular, by transmitting to multiple receivers
simultaneously in the case of the broadcast
communications method, or by allowing multiple 5
transmitters to transmit simultaneously in the case of
the multiple-access communications  method, over the
same transmission resource, e.g., over the same
frequencies at the same time.  In the case of the
broadcast communications method, the technique used to
transmit  simultaneously to multiple users over the
same transmission resource is also known as
`superposition coding'. In the context of the present
invention, controlled superposition coding 10 is shown
to be a valuable practical technique in both broadcast
and multiple-access  communications methods. The
advantages of superposition coding will be apparent in
view of the following  discussion of transmission
techniques for the broadcast communications method.
Consider a  15 single transmitter communicating with
two receivers, whose channels can be described by
ambient Gaussian noise levels of Nl and N,, with Nl
<N, , i.e., the first receiver operates over  a
stronger channel than the second receiver. Assume that
the communication resources available  to the
transmitter are a total bandwidth of W, and a total
power of F. The transmitter may  employ several
strategies to communicate with the receivers. Figure 1
includes a graph 100 20 which plots achievable rates
in a broadcast channel, for a first user, with a
stronger receiver and  a second receiver, with a
weaker receiver, under three different transmission
strategies. The  vertical axis 102 of Fig. 1
represents the rate for the stronger receiver, while
the horizontal axis  104 represents the rate for the
weaker receiver. 25 First, consider the strategy where
the transmitter multiplexes between the two receivers
in time, allocating all its resources to one receiver
at a time. If the fraction of time spent
communicating with the first (stronger) receiver is
denoted by a, it is easy to show that the  achievable
rates for the two users satisfy 30 Rl <- aW log(1 + N)
,  R, <- (1- a)W log(1 + P )  N, WO 2004/075442
PCT/US2004/004700  



-3 As the fraction of time spent serving the first
user, a, varies, the rates achieved by the  above
equations are represented with the straight line 106
in Figure 1 representing the Time  Division
Multiplexing (TDM) strategy. Now consider a different
transmission strategy where 5 the transmitter
allocates a certain fraction of the bandwidth,, , and
a fraction of the available  power, y, to the first
user. The second user gets the remaining fractions of
bandwidth and  power. Having allocated these
fractions, the transmitter communicates with the two
receivers  simultaneously. Under this transmission
strategy, the rate region can be characterized by the
following equations 10 Rl :5,6w log(1 +) , R2 - (1-
fl)W log(1 + (1 ~ )P) The rates achieved by the above
equations are visualized intuitively from the convex
curve segmented line 108 in Figure 1 representing the
frequency division multiplexing (FDM)  15 strategy. It
is evident that the strategy of dividing the available
power and bandwidth between the two users in an
appropriate manner outperforms the time-division
partition of resources.  However, the second strategy
is not yet the optimal one. The supremum of the rate
regions achievable under all transmission strategies
is the  20 broadcast capacity region. For the Gaussian
case, this region is characterized by the equations
RI _< W log(1 + (1-a)P  aP+N2  25 and is indicated by
the dashed curve line 110 in Figure 1 representing
capacity. It was shown by Thomas Cover in T.M. Cover,
Broadcast Channels, IEEE Transactions on Information
Theory,  IT-18 (1):2 14, 1972, that a communication
technique called superposition coding could achieve
this capacity region. In this technique, the signals
to different users are transmitted with different
powers in the same transmission resource and
superposed on each other. The gains achievable WO
2004/075442 PCT/US2004/004700  -4 through
superposition coding surpass any other communication
technique that requires splitting  of the transmission
resource among different users. The basic concept of
superposition coding is illustrated in graph 200 of
Figure 2. Graph  5 200 includes a vertical axis 202
representing quadrature and a horizontal axis 204
representing  



in-phase. While this example assumes QPSK modulation,
the choice of modulation sets is not  restrictive in
general. Also, this example is sketched out for two
users with the concept generalizing in a
straightforward manner to multiple users. Assume that
the transmitter has a  total transmit power budget P.
Suppose that the first receiver, referred to as
`weaker receiver',  10 sees larger channel noise and
the second receiver, referred to as `stronger
receiver', sees smaller channel noise. Four circles
filled in with a pattern 205 represent the QPSK
constellation points  to be transmitted at high power
(better protected), (1- a)P, to the weaker receiver,
where arrow  206 provides a measure of the high power
QPSK transmission strength. Meanwhile, additional
information is conveyed to the stronger receiver at
low power (less protected), aP, also using a  15 QPSK
constellation, where arrow 207 provides a measure of
the lower power QPSK transmission strength. The
actually transmitted symbols, which combine both the
high power  and low power signals, are represented as
the blank circles 208 in figure 2. A key concept that
this illustration conveys is that the transmitter
communicates to both users simultaneously using  the
same transmission resource. In this document, the high
power signal is also called a 20 protected signal, and
the low power signal is also a called regular signal.
The receiver strategy is quite straightforward. The
weaker receiver sees the high power  QPSK
constellation with a low-power signal superposed on
it. The Signal-to-Noise Ratio (SNR)  experienced by
the weaker receiver may be insufficient to resolve the
low-power signal, so the 25 low power signal appears
as noise and slightly degrades the SNR when the weaker
receiver  decodes the high power signal. On the other
hand, the SNR experienced by the stronger receiver  is
sufficient to resolve both the high power and low
power QPSK constellation points. The  stronger
receiver's strategy is to decode the high-power points
(which are intended for the  weaker receiver) first,
remove their contribution from the composite signal,
and then decode the  30 low-power signal. WO
2004/075442 PCT/US2004/004700  -5 However, in
practice, this strategy normally does not work well.
Any imperfections in  cancellation of the high-power
signal manifest themselves as noise to the decoder
recovering the  low-power signal. 5 In light of the
above discussion, it is clear that a need exists for
novel methods and  apparatus that will allow
communications systems to operate in a broadcast
and/or multiple  access communications method using
controlled superposition coding to take advantage of
the  



benefits of higher achievable rates in the channel,
yet overcome the practical difficulties  encountered
of imperfect cancellation of the high power signal and
the complexity and cost 10 associated with joint
decoder approach.  SUMMARY OF THE INVENTION This
invention is directed to transmitter and receiver
techniques for coding that enable  15 decoding of the
regular signal without being compromised by imperfect
cancellation of the  protected signal. An exemplary
embodiment of the invention is described below in the
context of a  cellular wireless data communication
system using Orthogonal Frequency Division
Multiplexing  20 (OFDM). While an exemplary wireless
system is used for purposes of explaining the
invention, the invention is not limited to the
exemplary embodiment and can be applied to many other
communication systems as well, e.g. systems using Code
Division Multiple Access (CDMA).  In accordance with
various embodiments of the invention, first and second
sets of 25 information are transmitted using a
transmission block, the transmission block including a
plurality of minimum transmission units, each minimum
transmission unit corresponding to a  unique
combination of resources, said resources including at
least two of time, frequency, phase,  and spreading
code. A minimum transmission unit is also called a
degree of freedom. In this  document, the terms of
minimum transmission unit and degree of freedom are
used 30 interchangeably. The transmission block may be
relatively large when compared to the  minimum size
transmission block which may be required to code one
of the information sets to  be transmitted. WO
2004/075442 PCT/US2004/004700  -6 One exemplary
embodiment of the invention includes defining a first
set of said  minimum transmission units for use in
conveying said first set of information, said first
set of  minimum transmission units including at least
a majority of the minimum transmission units in  the
transmission block, defining a second set of said
minimum transmission units for use in 5 conveying said
second set of information, said second set of minimum
transmission units  including less minimum
transmission units than first set; at least some of
minimum transmission  units in the first and second
sets of minimum transmission units being the same; and
communicating the first and second sets of information
using minimum transmission units  included in said
first and second sets of minimum transmission units. A
first set of said 



10 minimum transmission units included in the
transmission block are used in conveying said first
set of information, said first set including at least
a majority of said minimum transmission units  in the
transmission block. A second set of said minimum
transmission units is defined, e.g.,  selected, for
use in conveying said second set of information, said
second set of minimum  transmission units including
less minimum transmission units than first set; at
least some of 15 minimum transmission units in the
first and second sets of minimum transmission units
being  the same. The first and second sets of
information are communicated by transmitting at least
some minimum transmission units included in said first
and second sets of minimum  transmission units with
the corresponding information modulated thereon. The
communicating  of the information may be through
superposition of the first and second information on
shared 20 minimum transmission units or by puncturing
the first set of information so that the second set
of information is transmitted on the minimum
information units which are common to the first  and
second sets. Error correcting codes may be used to
recover information lost due to the  superposition of
the second set of information on the shared
transmission units. The information  transmitted in
the first and second sets of information may be, e.g.,
user data and control 25 information including
acknowledgements and assignment. The first and second
sets of information can, and in various embodiments
are,  transmitted using the first and second segments
of minimum transmission units, by transmitting  the
minimum transmission units including the modulated
information corresponding to different  30 information
sets from different transmitters. The transmitters may
be located on different devices, e.g., wireless
terminals. In other embodiments, the first and second
sets of information  are communicated by transmitting
the minimum transmission units used to convey the
first and  second sets of information from a single
transmitter, e.g., a base station transmitter. WO
2004/075442 PCT/US2004/004700  -7 The first set of
minimum transmission units includes a majority of the
minimum  transmission units in the transmission block
but usually a high percentage of the minimum
transmission units, e.g., in some embodiments the
first set of minimum transmission units 5 includes at
least 75% of the total number of minimum transmission
units and, in some cases,  100% of the minimum
transmission units in said block. The second set of
minimum  transmission units normally includes less
than 50% of the minimum transmission units in a  block
and, in some cases relatively few minimum transmission
units, e.g., less than 5 or 10% of  



the number of minimum transmission units in the
transmission block. In such cases, even if 10 none of
the minimum transmission units in the second set of
transmission units are recovered by  a receiver
attempting to decode the minimum transmission units
used to communicate the first  set of information, the
information from the first set intended to be
transmitted on some of the  minimum transmission units
included in the second set can be recovered, in some
embodiments,  through the use of error correction
codes. 15 True superposition can be used to
communicate information corresponding to both the
first and second sets of information using a minimum
transmission unit common to both the first  and second
sets of minimum transmission units. Alternatively, the
information corresponding to  the first set of
information intended to be transmitted on shared
minimum information units may 20 be punctured, e.g.,
not transmitted, with the punctured information being
recovered through the  use of error correcting codes.
In one particular exemplary embodiment, as part of the
process of communicating said  first and second sets
of information using at least some minimum
transmission units included in  25 the first set of
minimum transmission units may be transmitted at a
first power level while minimum transmission units in
said second set of minimum transmission units are
transmitted at  a higher power level than said first
signal on a per minimum transmission unit basis. The
power  level at which the minimum information units in
said second set are transmitted is, in some
implementations, at least 3dB greater than the power
level at which the minimum transmission 30 units
corresponding to the first signal is transmitted. The
power level of the minimum  information units in said
first and second sets sometimes can, and are, varied,
e.g., to reflect  changing channel conditions. WO
2004/075442 PCT/US2004/004700  -8 Various receiver
embodiments are possible in accordance with the
invention. Two  receivers, e.g., first and second
receivers, can operate independently and in parallel.
Once  receiver being used to recover the first set of
information and the other receiver being used to
recover the second set of information from the minimum
information units in said transmission 5 block which
are actually transmitted. In one such embodiment the
first receiver treats minimum  information blocks
including a signal corresponding to the second set of
information as  including impulse noise and, e.g.,
discards, ignores or otherwise minimizes their
contribution to  



the receiver's output. In such an implementation, the
second receiver treats the contribution of  signals
corresponding to the first set of information to the
received minimum transmission units 10 as background
noise. Since the signal corresponding to the second
set of information is  normally transmitted using
relatively high power levels, e.g., power levels
sufficient to have the  first receiver interpret the
signals as impulse noise, it is usually relatively
easy to recover the  second signals even in the case
where the signals corresponding to the first set of
information  appear as background noise. Since the
effect of transmitting the second set of information
is 15 generally limited to relatively few symbols in a
transmission block, the effect of the high power
signals on the signals used transmit the first set of
information tends to be very localized  allowing for
the recovery of any lost information, in many cases
through the use of conventional  error correction
codes included in the transmitter information. 20 In
another embodiment of the invention, an apparatus also
includes two receivers.  However, rather than working
independently in parallel, the first receiver
identifies minimum  transmission units which
correspond to the second set of information, e.g.,
high power minimum  transmission units. It then
conveys information indicating which received minimum
transmission units correspond to the second
information set to the second receiver. The second 25
receiver discards minimum transmission units
corresponding to the second set of information  and
then decodes the remaining received minimum
transmission units. Since the number of  discarded
minimum information units tends to be small, e.g.
under 5% of received minimum  information units in
many cases, the second receiver is normally able still
recover the full first  set of information through the
use of error correction codes used to protect the
transmitted 30 information against errors due to loss
or corruption of minimum transmission units during
transmission. WO 2004/075442 PCT/US2004/004700  -9 In
various embodiments, invention realizes the benefits
of superposition coding in a  multiuser communication
system while using a receiver that is simple in design
yet robust in  terms of operational performance. The
invention discloses novel effective superposition
coding  techniques for both the broadcast channel and
the multiple-access channel. 5 In the broadcast
scenario, e.g., a single transmitter sends data to a
plurality of receivers.  In the context of the
exemplary system, the transmitter is the base station
communicating over  



the cellular downlink with wireless receivers, e.g.
mobile receivers. Mobile users in a cellular  system
can experience a wide range of SNR conditions due to
the variance in path loss as a LO function of location
within the cell. Assume without loss of generality
that the base station has  two signals that it wants
to communicate simultaneously to two different mobile
receivers,  experiencing different path loss. The
regular signal is intended for a receiver that
experiences a  higher signal-to-noise ratio (SNR),
which is referred to hereafter as a `stronger'
receiver. The  second signal, termed a `protected'
signal, is intended for a `weaker' receiver that
operates over 15 a lower quality channel with lower
SNR. The categorization of mobile receivers as
`stronger' or  `weaker' is not static and is a
relative definition. If superposition coding is not
used, then the airlink resources should be partitioned
between the regular and the protected signal, which is
not optimal. In order to differentiate the  20 new
superposition coding method disclosed in this
invention, the existing method of superposition coding
described in the background section is hereafter
referred to as "classical  superposition coding" in
the remainder of this document. In the context of
classical  superposition coding, both the protected
signal and the regular signal are transmitted with the
same airlink resource. For example, suppose that the
airlink resource to transmit both the regular 25 and
protected codewords comprises K symbols, A1, ..., AK.
Furthermore suppose that the  regular codeword is to
carry M information bits and the protected codeword is
to carry N  information bits. Assume that both the
regular and the protected codewords utilize BPSK
(binary phase shift keying) modulation. In the
classical supposition coding, the M regular
information bits are converted to K coded bits by an
encoding scheme, such as convolutional 30 coding, and
the K coded bits are then mapped to K BPSK symbols B1,
..., BK. Meanwhile, the N  protected information bits
are converted to another K coded bits by another
encoding scheme,  such as convolutional coding, and
the K coded bits are then mapped to K BPSK symbols C1,
...,  CK. Finally the K BPSK symbols from the
protected information bits and the K BPSK symbols WO
2004/075442 PCT/US2004/004700  -10 from the regular
information bits are combined and transmitted using
the K airlink resource  symbols A1, ..., AK: AI=B1+C1,
..., AK=BK+CK. In the composite signal, the protected
symbols  are generally transmitted at higher power per
bit in order that the weaker receivers are able to
receive them reliably. The regular symbols are
transmitted at relatively lower power per bit. In 5
this example, and indeed in general, the energy of the
regular signal is distributed among all the  



degrees of freedom on which the protected signal is
transmitted. The powers are chosen at the transmitter
in such a manner that the weaker receiver is
typically only in a position to decode the protected
codeword. The regular signal simply appears  10 as
noise to this receiver. The stronger receiver, on the
other hand, should be in a position to decode both
codewords. A good decoding strategy that the stronger
receiver could employ is to  attempt to decode the two
codewords jointly. However, this is often much too
complex for  practical receivers. Hence, the strategy
usually employed by the stronger receiver is
successive  decoding. The stronger receiver first
decodes the protected codeword, then subtracts it from
the 15 composite received signal, and finally decodes
the regular codeword, which is the codeword of
interest to the stronger receiver. In practice,
however, the above successive cancellation and
decoding scheme may not always be accomplished
robustly. If the SNRs of the stronger and  weaker
receivers and the rates that required to be
communicated are such that the regular and  superposed
signals are transmitted at roughly the same power,
then cancellation of the protected  20 codeword may be
difficult or inaccurate. Obstacles to successive
decoding exist in practice even when the transmitted
powers on  the two codewords are different. For
example, most communication systems experience a
degree  of self-noise at the receiver. Unlike additive
noise, this self-noise is usually correlated with the
25 transmitted signal and has an energy that is
proportional to the transmitted power. Channel
estimation noise in wireless communication systems is
an example of self-noise. In the context  of classical
superposition coding, channel estimation noise causes
imperfect cancellation of the  protected signal at the
stronger receiver. The residual cancellation error may
have substantial  energy, especially when compared
with the low-power superposed signal. Consequently,
the 30 stronger receiver may not be able to decode the
regular codeword correctly given the residual
cancellation error. WO 2004/075442 PCT/US2004/004700
-11 From this discussion, it is apparent that while
classical superposition coding distributes  the energy
of the protected codeword over each of the degrees of
freedom, it is desirable to  concentrate this energy
among one or a few degrees of freedom. The
concentration of energy on  a limited number of
degrees of freedom, in accordance with the invention,
facilitates easy 5 detection and cancellation of the
protected signal at the receiver, even when the
overall transmit  energy included in the two signals
is similar. In accordance with the invention, the
energy in the  



codeword is concentrated among one or a few degrees of
freedom. Using the above described coding and
transmission methods, multiples sets of LO information
can be transmitted using a shared overlapping set of
communications resources,  e.g., time, frequency
and/or code. Numerous additional features and benefits
of the invention  will be apparent in view of the
detailed description that follows. BRIEF DESCRIPTION
OF THE FIGURES  15 Figure 1 shows a graph illustrating
achievable rates in a broadcast channel for a first
user  with a stronger receiver and a second user with
a weaker receiver under three different  transmission
strategies. 20 Figure 2 illustrates an example of
superposition coding with QPSK modulation.  Figure 3
illustrates an example of pulse position modulation.
Figure 4 illustrates an example of flash superposition
coding, in accordance with the  25 present invention.
Figure 5 illustrates another example of flash
superposition coding, in accordance with the
invention, in which the flash signal concentrates its
energy on 4 symbol locations. 30 Figure 6 illustrates
exemplary flash superposition coding in a
multiple-access channel  shown as a composite signal
at a base station receiver in accordance with the
present invention. WO 2004/075442 PCT/US2004/004700
-12 Figure 7 illustrates exemplary traffic segments
and the allocation of traffic segments by a  base
station to a user. Figure 8 illustrates exemplary
assignment segments corresponding to traffic segments.
5 Figure 9 illustrates exemplary downlink traffic
segments, and acknowledgement  segments. Figure 10
illustrates exemplary assignment segments, downlink
traffic segments, and  10 acknowledgement segments,
where the assignment and acknowledgement segments each
use  flash superposition coding in accordance with the
present invention. Figure 11 illustrates 2 exemplary
sets of information, a transmission block of minimum
transmission units (MTUs), and sets of minimum
transmission units, partially overlapping, that  15
may be used to define the sets of information and may
be used in part or whole to transmit 



signals to convey the information, in accordance with
the present invention. Figure 12 illustrates another
exemplary transmission block of MTUs illustrating that
the  transmission block may be sub-divided into
sub-blocks in accordance with the present invention.
20 Figure 13 illustrates one method of transmitting
two signals corresponding to the two  sets of
information using different devices with different
transmitters, each transmitter  generating a signal
corresponding to one set of information, in accordance
with the present  invention. 25 Figure 14 illustrates
two other methods of transmitting the two sets of
information  using either a single transmitter which
outputs two signals, each signal corresponding to
information in one set of information or using a
single transmitter which internally combines the
signaling to output a single combined signal in
accordance with the present invention. 30 Figure 15
illustrates two devices, in accordance with the
present invention, including  filtering and an error
correcting module; each device includes two receivers,
and each device WO 2004/075442 PCT/US2004/004700  -13
may be used to receive a combined signal and retrieve
the two sets of information which had  been
transmitted. Figure 16 illustrates another device, in
accordance with the present invention, including  5 an
MTU signal identification module; said device includes
two receivers, and said device may  be used to receive
a combined signal and retrieve two sets of information
which had been transmitted.  Figure 17 illustrates an
exemplary communications system implementing the
apparatus  10 and methods of the present invention.
Figure 18 illustrates an exemplary base station
implemented in accordance with the  present invention.
15 Figure 19 illustrates an exemplary end node
(wireless terminal) implemented in  accordance with
the present invention. DETAILED DESCRIPTION 20 This
invention is directed to transmitter and receiver
techniques for coding that enable  



decoding of the regular signal without being
compromised by imperfect cancellation of the
protected signal. Figure 17 illustrates an exemplary
communications system 1700 using apparatus and  25
methods in accordance with the present invention.
Exemplary communications system 1700  includes a
plurality of base stations including base station 1
(BS 1) 1702 and base station N  (BS N) 1702'. BS 1
1702 is coupled to a plurality of end nodes (ENs), EN
1 1708, EN N 1710  via wireless links 1712, 1714
respectively. Similarly, BS N 1702' is coupled to a
plurality of  end nodes (ENs), EN 1 1708', EN N 1710'
via wireless links 1712', 1714' respectively. Cell 1
30 1704 represents the wireless coverage area in which
BS 1 1702 may communicate with ENs,  e.g., EN 1 1708.
Cell N 1706 represents the wireless coverage area in
which BS N 1702' may  communicate with ENs, e.g., EN 1
1708'. ENs 1708, 1710, 1708' and 1710' may move
throughout the communications system 1700. The base
stations BS 1 1702, BS N 1702' are WO 2004/075442
PCT/US2004/004700  -14 coupled to a network node 1716
via network links 1718, 1720, respectively. The
network  node 1716 is coupled to other network nodes,
e.g., other base station, routers, home agent  node,
Authentication Authorization Accounting (AAA) server
nodes, etc., and the Internet via  network link 1722.
Network links 1718, 1720, 1722 may be, e.g., fiber
optic cables. Network 5 link 1722 provides an
interface outside the communications system 1700,
allowing users, e.g.  ENs, to communicate with nodes
outside system 1700. Figure 18 illustrates an
exemplary base station 1800 in accordance with the
present  invention. Exemplary base station 1800 may be
a more detailed representation of base stations  t0
1702, 1702' of Figure 17. Exemplary base station 1800
includes a plurality of receivers, receiver 11802,
receiver N 1804, a plurality of transmitters,
transmitter 1 1810, transmitter N  1814, a processor
1822, e.g., CPU, an 1/0 interface 1824 and memory 1828
coupled together  via a bus 1826. The various elements
1802, 1804, 1810, 1814, 1824, and 1828 may exchange
data and information over bus 1826. 15 The receivers
1802, 1804 and the transmitters 1810, 1814 are coupled
to antennas 1806,  1808 and 1818, 1820 respectively,
providing a way for the base station 1800 to
communicate,  e.g. interchange data and information,
with end nodes, e.g. wireless terminals, within its
cellular coverage area. Each receiver 1802, 1804 may
include a decoder 1803, 1805, 



20 respectively, which receives and decodes signaling,
which had been encoded and transmitted  by end nodes
operating within its cell. The receivers 1802, 1804
may be any of or variations  of the exemplary
receivers shown in devices 5 1502 of Figure 15, device
6 1532 of Figure 15,  or device 7 1562 of Figure 16,
e.g., receivers (1506, 1508), (1536, 1542),
(1563,1564). The  receivers 1802, 1804 shall, in
accordance with the invention, be able to receive a
combined 25 signal including, a regular or underlying
signal and a flash signal and retrieve sets of
information corresponding to the original
pre-transmission sets of information. Each of
transmitters 1810, 1814 may include an encoder 1812,
1816, which encodes signaling prior to  transmission.
The transmitters 1810, 1814 may be any of or
variations of the exemplary  transmitters shown in
device 1 1302 and device 2 1308 of Figure 13, device 3
of Figure 14 or 30 device 4 1410 of Figure 14, e.g.
transmitters (1304 and 1310), (1404), (1412). The
transmitters 1802, 1805 shall, in accordance with the
invention, be able to transmit one or  more of the
following: regular or underlying signal, flash signal,
and/or combined signal. WO 2004/075442
PCT/US2004/004700  -15 The memory 1828 includes
routines 1830 and data/information 1832. The processor
1822 controls the operation of the base station 1800
by executing routines 1830 and utilizing
data/information 1832 in memory 1828 to operate the
receiver(s) 1802, 1804, the transmitters  1810, and
the I/O interface 1824, to perform the processing
controlling basic base station 5 functionality, and to
control and implement the new features and
improvements of the present  invention including the
generation and transmission of combined signals, the
receiving of  combined signals, separation of the
combined signal into regular or underlying signal
information and flash signal information, separation
and recovery of information. I/O  interface 1824
provides base station 1800 with an interface to the
Internet and other network 10 nodes, e.g. intermediate
network nodes, routers, AAA server nodes, home agent
nodes, etc.,  thus allowing end nodes communicating
through wireless links with base station 1800 to
connect, communicate, and interchange data and
information with other peer nodes, e.g.,  another end
node, throughout the communication system and external
to the communication  system, e.g., via the Internet.
15 Routines 1830 include communications routines 1834,
and base station control routines  1836. The base
station control routine 1836 includes a scheduler
1838, an error detection and  



correcting module 1840, a transmitter control routine
1844 and a receiver control routine 1846.  The data/
information 1832 includes receiver information 1 1850,
received information N 20 1852, transmit information 1
1854, transmit information N 1856, identified MTU
information  1858, and user data/info 1848. The user
data/info 1848 includes a plurality of user
information, user 1 information 1860, and user n
information 1862. Each user information,  e.g., user 1
info 1860, includes terminal Identification (ID)
information 1864, data 1866,  channel quality report
information 1868, segment information 1870, and
classification 25 information 1872. Transmit
Information 1 1854 may include a set of information
that may correspond to a  first signal, e.g., a
regular or underlying signal, information defining the
transmission block of  MTUs that may be used to
transmit the first signal, information defining a
first set of MTUs 30 that will be used to define the
signal, information that would be modulated on the
first set of  MTUs to define the first signal,
information defining which MTUs corresponding to first
signal information shall be transmitted to e.g., a
wireless terminal. In some embodiments each  of the
MTUs conveying a first set of information data will be
transmitted. In other WO 2004/075442 PCT/US2004/004700
-16 embodiments, most of the MTUs conveying a first
set of information shall be transmitted. In  such an
embodiment, MTUs corresponding to the first set of
information which also  correspond to a second set of
information, e.g., a flash signal, may be dropped
prior to  transmission. 5 Transmit information N 1856
may include a set of information that may correspond
to  a second signal, e.g., a flash signal, information
defining the transmission block of MTUs that  may be
used to transmit the second signal, e.g., to a
wireless terminal, information defining a  second set
of MTUs that will be used to define the second signal,
information that would be 10 modulated on the second
set of MTUs to define the second signal. The first and
second  transmission blocks may be the same. In such a
case, transmission block information which  specifies
the size and/or shape of the shared transmission block
may, and often is, stored  separately in memory 1828
from transmit information 1854, 1856. Received info 1
1850  includes a first set of recovered information
from receiver 1, 1802, e.g., information 15
corresponding to a first set of wireless terminal
pre-transmission information. The first set of  



recovered information may have been recovered, e.g.,
from a regular or underlying signal.  Received info N
1852 includes a second set of recovered information
from receiver N, 1804,  e.g., information
corresponding to a second set of wireless terminal
pre-transmission  information. The second set of
recovered information may have been recovered, e.g.,
from a  20 flash signal. The regular and flash signal
defining each original pre-transmission set of
information  share some common MTUs. Identified MTU
information 1856 may include a set of identified  MTUs
in the second or flash signal, the set of identified
MTUs may have been obtained by 25 receiver N's decoder
1805. Identified MTU information 1858 may be forwarded
to receiver 1  1802, where the receiver can exclude
those MTUs before passing the received signal to
perform the error correcting module, or alternatively,
the identified MTU info 1858 may be  forwarded to the
error detection and correction module 1840 in memory
and/or the error  detection and correction module in
decoder 1803. 30 Data 1866 may include received data
from end nodes and data to be transmitted to end
nodes. In some embodiments, one terminal identifier ID
1864 is used for each of N wireless  terminals which
can interact with the base station at a point in time.
Upon entering a cell a WO 2004/075442
PCT/US2004/004700  -17 wireless terminal, e.g., end
node is assigned a terminal ID 1864. Thus terminal IDs
are reused  as wireless terminals enter and leave a
cell. Each base station has a set of terminal
identifiers  (terminal IDs) 1864 assigned to users,
e.g. wireless terminals that are being serviced.
Channel  quality report information 1868 may include
base station 1800 determined information on the 5
user's channel quality, and feedback information from
the user including downlink channel  quality reports,
interference information, power information from the
wireless terminals.  Segment information 1870 may
include information defining the segments allocated to
the  users in terms of users in terms of usage type,
e.g. traffic channel, assignment channel, request
channel; characteristics, e.g., MTUs, frequency/phase
and time, OFDM tone-symbols; type of 10 signals to use
for segment, e.g., regular or underlying vs. flash.
Classification information  1872 includes information
categorizing the user, e.g., wireless terminal, as a
"stronger" or  "weaker" transmitter. Communications
routines 1834 includes various communications
applications which  



15 may be used to provide particular services, e.g.,
IP telephony services, text services and/or
interactive gaming, to one or more users end nodes in
the system. Base station control routines 1836 perform
functions including basic base station  control and
control relating to the apparatus and method of the
present invention. Base station  20 control routines
1836 exercises control over the signal generation and
reception, error detection and correction, data and
pilot hopping sequences, the 1/0 interface 1824, the
allocation of segments to users, and the scheduling of
users to terminal IDs 1864. More  specifically, the
scheduler 1838 schedules users to terminal IDs 1864,
allocates segments to  users using the user
classification information 1872, and segment info
1870. The scheduler 25 makes decisions as to which
users and which segments should be assigned to regular
or  underlying signals and which users and which
segments should be assigned to flash signals, in
accordance with the invention. Certain users, e.g.,
those with high power available, and small  amounts of
information to transmit may be better suited to flash
signaling than other users who  may desire to transmit
large amounts of information and have limited power
available. Certain  30 types of channels may be more
suitable to utilize flash signaling. For example, in
many cellular communications systems, control channels
are transmitted at broadcast power since  they are
constrained by the mobile users with the weakest
channels. Flash signaling is well  suited for this
application and its use can often result in power
reduction with little or no loss WO 2004/075442
PCT/US2004/004700  -18 in robustness. By using the
classification info 1872 and the segment info 1870,
the scheduler  1838 can match users with low downlink
Signal to Noise Ratio (SNR) to regular segments
within the channel, while users with high SNR can be
matched to flash, e.g., "protected",  segments within
the channel. 5 Transmitter control module 1844 use
data/info 1832 including transmit info 1 1854,
transmit info N 1856, terminal ID 1864, data 1866, and
segment info 1870 to generate the  transmission
signals and control the operation of the transmitters
1810, 1814 in accordance  with the invention. For
example, transmitter control module 1844 may control
transmitter 10 1810 to encode via its encoder 1812
sets of information included in transmit 1 info 1 1854
into  signal, e.g., a regular or underlying signal,
which transmitter 1 1810 may transmit. Transmitter
control module 1844 may encode the sets of info
included in transmit info N 1856  



into a flash or protected signal using the set of MTUs
corresponding to the information 1856.  Transmission
control module 1844 may control transmitter N 1814 to
encode via its encoder 15 1816 sets of information
included in transmit info N 1854 into signal which
transmitter N  1816 may transmit. For example,
transmission control module 1844 may encode the set of
info included in transmit N info 1856 into a flash or
signal using the set of MTUs  corresponding to the
information 1856. Alternately, in various embodiments
of the  transmitters 1810, 1814, a single transmitter
may be used which internally combines of mixes 20 the
signal based upon the transmit info 1 1854 and the
transmit info N 1856 under the direction  of the
transmitter control module 1844. Such mixing operation
may involve superimposing  regular and flash signaling
prior to transmission and/or selectively forming one
MTU  transmission set including each of the elements
of the flash signal and the elements in the  regular
signal not included in the flash signal. 25 Receiver
control module 1846 controls the operation of
receivers 1802, 1804 to receive  a combined signal and
extract two sets of information, e.g., receiver info 1
1850, and receiver  info N 1852, in accordance with
the invention. The reception process under control of
the  receiver control module 1846 may include control
of decoders 1803, 1805 and control of the 30 other
elements within the receivers. In some embodiments,
the receiver control module 1846  controls impulse
noise filters, background noise filters, and error
correcting modules with the  receivers 1802, 1804. In
some embodiments, the receiver control module controls
the 2d  signal MTU identification module in one
receiver, e.g., receiver N 1804, and the discarding WO
2004/075442 PCT/US2004/004700  -19 module in another
receiver, e.g., receiver 1 1802 and convey identified
MTU information 1858  from receiver N 1804 to receiver
1 1802; this allows receiver 1 1802 to remove MTUs
that  include flash signal information, from the
information stream entering the error detection
module that is attempting to recover the regular
signal information set. 5 Error and correcting module
1840 works in conjunction with or in place of an error
detection and correction module that may be included
in the receivers 1802, 1804. The error  detection and
correction capability included in the receivers 1802,
1804 and/or module 1840  allows the base station 1800
to reconstruct sets of information corresponding to
pre 



10 transmission sets of information, even though the
(regular or underlying) signal representing  the
pre-transmission set of information has been affected
by the superposition of a second  flash signal (flash
signal) or the punch through, e.g., replacement of
some MTU, by a second  signal (flash signal). In some
implementations, the MTUs corresponding to the second
set of  information fully overlap the MTUs
corresponding to the first set of information. In
addition 15 in some embodiments, the MTUs
corresponding to the first set of information fully
occupy a  transmission block. Figure 19 illustrates an
exemplary end node (wireless terminal) 1900 in
accordance  with the present invention. Exemplary end
node 1900 may be used in any of the end nodes  20
1708, 1710, 1708', 1710' of Figure 17. Exemplary end
node 1900, e.g., wireless terminal, may be a mobile
terminal, mobile, mobile node, fixed wireless device,
etc. In this application,  references to end node 1900
may be interpreted as corresponding to any one of a
wireless  terminal, mobile node, etc. Wireless
terminals may be mobile nodes or stationary devices
which support wireless communications links. Exemplary
end node 1900 includes a plurality 25 of receivers,
receiver 1 1902, receiver N 1904, a plurality of
transmitters, transmitter 1 1910,  transmitter N 1912,
a processor 1926, e.g., CPU, and memory 1930 coupled
together via a bus  1928. The various elements 1902,
1904, 1910, 1912, 1926, 1930 may exchange data and
information over bus 1928. 30 The receivers 1902, 1904
and the transmitters 1910, 1912 are coupled to
antennas 1906,  1908 and 1914, 1916 respectively,
providing a way for the end node, e.g., wireless
terminal  1900 to communicate, e.g. interchange data
and information with a base station 1800 in whose
cellular coverage area the wireless terminal 1900 is
operating. Each receiver 1902, 1904 may WO 2004/075442
PCT/US2004/004700  -20 include a decoder 1918, 1920,
respectively receives and decodes signaling, which had
been  encoded and transmitted by a base station 1800.
The receivers 1902, 1904 may be any of or  variations
of the exemplary receivers shown in devices 5 1502 of
Figure 15, device 6 1532 of  Figure 15, or device 7
1562 of Figure 16, e.g., receivers (1506, 1508),
(1536, 1542), 5 (1563,1564). The receivers 1902, 1904
shall, in accordance with the invention, be able to
receive a combined signal including, a regular or
underlying signal and a flash signal and  retrieve
sets of information corresponding to the original
pre-transmission sets of information.  Each
transmitter 1910, 1912 may include an encoder 1922,
1946, which encodes signaling  



prior to transmission. The transmitters 1910, 1912 may
be any of or variations of the 10 exemplary
transmitters shown in device 1 1302 and device 2 1308
of Figure 13, device 3 of  Figure 14 or device 4 1410
of Figure 14, e.g. transmitters (1304 and 1310),
(1404), (1412).  The transmitters 1910, 1912 shall, in
accordance with the invention, be able to transmit one
or  more of the following: regular or underlying
signal, flash signal, and/or combined signal. 15 The
memory 1930 includes routines 1932 and
data/information 1934. The processor  1926 controls
the operation of the end node 1900 by executing
routines 1932 and utilizing  data/information 1934 in
memory 1930 to operate the receivers 1902,1904 and the
transmitters  1910, 1912, to perform the processing
controlling basic wireless terminal functionality, and
to  control and implement the new features and
improvements of the present invention including 20 the
generation and transmission of combined signals, the
receiving of combined signals,  separation of the
combined signal into regular or underlying signal
information and flash  signal information, separation
and recovery of information. Routines 1932 include
communications routines 1936 and wireless terminal
control  25 routines 1938. The wireless terminal
control routine 1938 includes a transmitter control
module 1940, a receiver control module 1942, an error
correcting module 1946. The data/  information 1934
includes user data 1947, terminal Identification (ID)
information 1948,  received information 1 1950,
received information N 1952, transmit information 1
1954,  transmit information N 1956, identified MTU
information 1958, segment information 1960, 30 quality
information 1962, and base station ID info 1964. User
data 1947 includes data to be transmitted to the base
station 1800 and data  received from base station
1800, and intermediate data, e.g., data involved in
the decoding WO 2004/075442 PCT/US2004/004700  -21
process of recovering detected information. Transmit
information 1 1954 may include a set of  information
that may correspond to a first signal, e.g., a regular
or underlying signal,  information defining the
transmission block of MTUs that may be used to
transmit the first  signal, information defining a
first set of MTUs that will be used to define the
signal, 5 information that would be modulated on the
first set of MTUs to define the first signal,
information defining which MTUs corresponding to first
signal information that shall be  transmitted to e.g.,
a base station 1800. In some embodiments each of the
MTUs conveying  the first set of information data will
be transmitted to the base station 1800. In other  



embodiments, most of the MTUs conveying first set of
information shall be transmitted to the 10 base
station 1800. Transmit information N 1956 may include
a set of information that may  correspond to a second
signal, e.g., a flash signal, information defining the
transmission block  of MTUs that may be used to
transmit the second signal, e.g., to a base station,
information  defining a second set of MTUs that will
be used to define the second signal, information that
should be modulated on the second set of MTUs to
define the second signal. Received info 1 15 1950
includes a first set of recovered information from
receiver 1, 1902, e.g., information  corresponding to
a first set of base station pre-transmission
information. The first set of  recovered information
may have been recovered, e.g., from a regular or
underlying signal.  Received info N 1952 includes a
second set of recovered information from receiver N,
1904,  e.g., information corresponding to a second set
of base station pre-transmission information. 20 The
second set of recovered information may have been
recovered, e.g., from a flash signal.  The regular and
flash signal defining each original pre-transmission
set of information  share some common MTUs. Identified
MTU information 1958 may include a set of identified
MTUs in the second or flash signal, the set of
identified MTUs may have been obtained by 25 receiver
N's decoder 1920. Identified MTU information 1958 may
be forwarded to receiver 1  1902, where the receiver
1902 can exclude those MTUs before passing the
received signal to  the error correcting module in the
decoder 1918, or alternatively, the identified MTU
info  1958 may be forwarded to the error correcting
module 1946 in memory and/or the correcting  module in
decoder 1918. 30 Terminal ID information 1948 is a
base station assigned ID. Base station ID  information
1964 includes information, e.g. a slope value, that
may be used to identify a  specific base station to
which the wireless terminal 1900 is connected. Using
the base station WO 2004/075442 PCT/US2004/004700  -22
ID information 1964 and the terminal ID 1948, the
wireless terminal can determine the data  and control
hopping sequences. Quality information 1962 may
include information from  detected pilots, downlink
channel quality measurements and reports, interference
levels, power  information such as current
transmission level and battery energy level, SNR, etc.
Quality 5 information 1962 may be fed back to the base
station 1800 for use in classifying the receiver  as
"stronger" or "weaker" receivers, to assist the base
station 1800 in its scheduling and  



allocation including assigning regular or underlying
segments and flash segments in  accordance with the
present invention. Segment information 1960 may
include information  defining the segments allocated
to the user in terms of usage type, e.g., traffic
channel, 10 assignment channel, request channel;
characteristics, e.g., MTUs, frequency/phase and time
OFDM tones-symbols; type of signals to use for
segment, e.g. regular or underlying vs. flash.
Communications routine 1936 includes various
communications applications which may be used to
provide particular services, e.g., IP telephony
services, text services and/or  15 interactive gaming,
to one or more end node users. Wireless terminal
control routines 1938 control the basic functionality
of the wireless  terminal 1900 including the operation
of the transmitters 1910, 1912, and receivers 1902,
1904, signal generation and reception including
data/control hopping sequences, state control, 20 and
power control. Wireless terminal control routines 1938
also control and implement the  new features and
improvements of the present invention including the
generation and  transmission of combined signals, the
receiving of combined signals, separation of the
combined signal into regular or underlying signal
information and flash signal information, separation
and recovery of information  25 Transmitter control
module 1940 may use data/info 1934 including transmit
info 1  1954, transmit info N 1956, terminal ID 1948,
user data 1947, and segment info 1960 to  generate the
transmission signals and control the operation of the
transmitters 1910, 1912 in  accordance with the
invention. For example, transmitter control module
1940 may control 30 transmitter 1910 to encode via its
encoder 1922 sets of information included in transmit
1 info  1 1954 into a regular or underlying signal
which transmitter 1 1910 may transmit. Transmitter
control module 1940 may control transmitter N 1912 to
encode via its encoder 1924 sets of  info included in
transmit info N 1956 into a flash or protected signal
using the set of MTUs WO 2004/075442 PCT/US2004/004700
-23 corresponding to the information in info 1956.
Alternately, in various embodiments of the
transmitters 1910, 1912, a single transmitter may be
used which internally combines or mixes  the signal
based upon the transmit info 1 1954 and the transmit
info N 1956 under the direction  of the transmitter
control module 1844. Such mixing operation may involve
superimposing 5 regular and flash signaling prior to
transmission and/or selectively forming one MTU  



transmission set including each of the elements of the
flash signal and the elements in the  regular signal
not included in the flash signal. Receiver control
module 1942 controls the operation of receivers 1902,
1904 to receive  10 a combined signal and extract two
sets of information, e.g., receiver 1 info 1950, and
receiver  info N 1952, in accordance with the
invention. The reception process under control of the
receiver control module 1942 may include control of
decoders 1918, 1920 and control of the  other elements
within the receivers. In some embodiments, the
receiver control module 1942  controls impulse noise
filters, background noise filters, and error detection
modules with the 15 receivers 1902, 1904. In some
embodiments, the receiver control module 1942 controls
the 2nd  signal MTU identification module in one
receiver, e.g., receiver N 1904, and the discarding
module in another receiver, e.g., receiver 1 1902, and
conveys identified MTU information  1858 from receiver
N 1904 to receiver 1 1902; this allows receiver 1 1902
to remove MTUs  that include flash signal information,
from the information stream entering the error
correcting 20 module that is attempting to recover the
regular signal information set. Error correction
module 1946 works in conjunction with or in place of
an error  correction module that may be included in
the receivers 1902, 1904. The error detection and
correction capability included in the receivers 1902,
1904 and/or module 1846 allows the 25 wireless
terminal 1900 to reconstruct sets of information
corresponding to pre-transmission  sets of
information, even though the (regular or underlying)
signal representing the pre- transmission set of
information has been affected by the superposition of
a second flash signal  (flash signal) or the punch
through, e.g. replacement of some MTU(s), by a second
signal  (flash signal). 30 On-off keying is a
modulation technique in which the transmitter
concentrates its energy  along a subset of the degrees
of freedom occupied by the codeword. For example,
pulse position  modulation is one illustration of
on-off keying in which the transmitter uses energy
only in those WO 2004/075442 PCT/US2004/004700  -24
positions where a `1' is communicated, and is shut off
when a `0' is communicated. Pulse  position modulation
can communicate log2(M) bits by concentrating energy
in one of M  positions. An additional bit can be
communicated by using positive and negative pulses. An
example of pulse position modulation is illustrated in
Figure 3. Figure 3 shows a drawing 300 



5 with 32 slots, e.g. exemplary individual slot 302.
The energy is concentrated in 17th slot 306 and  is
represented by a pulse 304. In Fig. 3, 5 bits of
information may be communicated using the  32
locations or slots, if the pulse 304 may only be in
one direction, e.g. positive. In Fig. 3, 6 bits  of
information may be communicated using the 32 locations
or slots if the pulse 304 can be  positive or
negative. In general, information may be communicated
in two ways in a 10 generalization of on-off keying -
firstly, the location of the energy within the degrees
of freedom  occupied by the codeword, and secondly,
the information contained in the signals which occupy
that location. For instance, if the channel can be
estimated at the mobile with the aid of a  reference
signal, information may be encoded in the phase and/or
amplitude in addition to  information encoded in the
location of the energy of the generalized on-off
signal. This form of 15 generalized on-off keying will
be referred to in the remainder of this document as
flash  signaling. Typically, the concentration of
energy is restricted to a small subset of the
available  degrees of freedom in the flash signaling
paradigm. Flash signaling may be used in accordance
with the invention. Simple examples of flash  20
coding in accordance with the present invention shall
be described. Consider one embodiment of  the
invention applied to a digital communication system
that uses BPSK signaling. In the  example considered
here, suppose that the airlink resource comprising 16
symbols. For example,  in the exemplary spread
spectrum OFDM multiple access system, the 16 airlink
resource  symbols can be 16 orthogonal tones in one
OFDM symbol period, or one tone in 16 OFDM 25 symbol
periods, or any proper combination of tones and symbol
periods (e.g., 4 tones in 4  OFDM symbol periods). In
Figure 4, the superimposed signal 400 includes a
regular signal 420 which is  communicated using a
codeword whose energy spans all 16 BPSK symbols, as
illustrated in Fig.  30 4 by small rectangles with no
shading. The regular codeword can be constructed
using, for example, a convolutional code. Suppose that
the protected signal is required to communicate 5
information bits. In this embodiment, the 5 protected
bits can be communicated using the  position of a
high-energy symbol 430 as illustrated in Figure 4 by a
single larger rectangle with WO 2004/075442
PCT/US2004/004700  -25 shading. The protected signal
comprises one BPSK symbol 430 transmitted at high
power, while  the regular signal 420 with energy
distributed over 16 symbols is superposed on it. Note
that the  BPSK symbol of the protected signal can be
in any of the 16 distinct symbol positions. For  



reference, 1St symbol 401 and 16th symbol 416 are
identified in Figure 4. For example, in Figure 5 4,
the BPSK symbol is transmitted on the 9th symbol.
Therefore, the symbol position conveys 4  bits of the
5 protected information bits. In addition, the phase
(e.g., sign) of the BPSK symbol  conveys the 5th
protected bit. To see the advantage of this coding
scheme of the present invention over the classical 10
supposition coding scheme, reconsider the design of
the stronger receiver. The stronger receiver  can use
an idea of successive decoding. The stronger receiver
first decodes the protected signal,  or,
alternatively, then subtracts it from the composite
received signal, and finally decodes the  regular
signal, or alternatively, signals the weaker signal
receiver to discarddiscard the tones on  which the
larger signal is detected. Note with the new coding
scheme of the present invention, 15 even if the
cancellation is not perfect, the damage to the regular
codeword is limited to one or a  few symbols and
therefore the receiver can minimize the adverse impact
of the damage. For  example, in the decoding
procedure, the receiver may ignore the symbol that is
occupied by the  regular signal. In this case, the
operation of cancellation is reduced to causing
erasure at a  particular symbol location with the
possibility that the error correction codes can be
used to 20 correct for the loss.. In the above example
of Figure 4, each BPSK symbol of the 16 airlink
resource symbols  represents a degree of freedom. The
regular signal distributes its energy in all the 16
degrees of  freedom. Meanwhile, each codeword of the
protected signal concentrates its energy in one of the
25 16 degrees of freedom. Note that the flash signal,
as defined in the above embodiment, is an  orthogonal
code. However, the invention is not contingent on any
orthogonality properties of the  codewords.
Transmitter design for use with coding implemented in
accordance with the present  30 invention shall be
described. The example above illustrates aspects and
methods of the  invention, which may be implemented
and utilized in various communications systems. This
method of superposing signals by concentrating the
energy of the protected signal among a  small subset
of the available degrees of freedom, while
distributing the energy of the regular WO 2004/075442
PCT/US2004/004700  -26 signal among substantially all
the available degrees of freedom, is called flash
superposition  coding in this document. The protected
codeword is denoted as the `flash signal', and the
regular  codeword is denoted as the "regular signal"
or "underlying signal", in this discussion. While, in



general, the approach is to transmit the protected
information using the flash signal and the 5 regular
information on the regular signal, this may, in some
embodiments of the invention, be  reversed. Flash
signaling, in accordance with the invention, provides
a way of superposing signals  that allows
superposition coding gains to be robustly realized in
practical receivers. In general,  10 the flash signal
and the regular signal are communicated using the same
set of transmission resources. However, each codeword
of the flash signal concentrates its energy on a small
subset  of the available degrees of freedom. Each
codeword of the regular signal may spread its energy
over each of the available degrees of freedom. In
order that the flash signal be detected and  decoded
easily, it is desirable that its energy be higher, in
some embodiments the energy is 15 significantly
higher, than that of the regular signal in the
selected subset of the degrees of  freedom
corresponding to the flash signal. This relatively
higher concentration of energy in the  selected flash
subset is feasible even when the total energy of the
regular signal is higher than  the total energy of the
flash signal. Finally, in order that the regular
signal be detected and  decoded easily, the impact of
the flash signal on the regular codeword should be
minimal. In 20 other words, the loss of energy in the
selected subset of the degrees of freedom occupied by
the  flash signal should have small impact on the
decoding of the regular codeword. The selection of
transmit powers on the flash signal and the regular
signal depends on  several factors including (a) the
SNR of the target receivers of both the flash and
regular signals;  25 (b) the information rates
conveyed on the flash and regular signals; and (c) the
method of construction of codes on the flash and
regular signals. In general, the powers may be chosen
independently to meet their own robustness and coding
performance requirements. Moreover,  the flash
signaling can be carried out in an opportunistic
manner for maximum flexibility.  Specifically, the
transmitter can opportunistically choose not to
transmit the flash signal and use 30 most of its
available power to transmit the regular signal.
Alternatively, the transmitter may  choose to
opportunistically transmit the flash signal with most
of its available power and choose  not to transmit the
regular signal. WO 2004/075442 PCT/US2004/004700  -27
Receiver design for use with coding implemented in
accordance with the present  invention will now be
discussed. In one embodiment of the invention, the
receiver first decodes  the flash signal. The flash
signal is detectable at the receiver since it is
received at much higher  



power than the regular codeword in a small subset of
the degrees of freedom. The receiver then 5 cancels
the impact of the flash signal before attempting to
decode the regular codeword. In the  case of classical
superposition coding, cancellation involves decoding
the protected codeword  and subtracting it from the
composite received signal. In flash superposition
coding, in one  embodiment the receiver completely
discards the signal received in the subset of the
degrees of  freedom of the decoded flash signal
codeword when the receiver is to decode the regular
signal. 10 As the regular signal distributes its
signal energy in all the degrees of freedom, the
erasure of the  signal energy in a small subset of the
degrees of freedom should have little or negligible
performance implications on the decoding of the
regular codeword due to the error detection and
correction capability of the decoder. 15 In another
embodiment of the invention, the receiver does not
explicitly cancel the flash  signal before it decodes
the regular signal. Instead, the receiver directly
decodes the regular  signal from the composite
received signal, which may include the flash signal.
The receiver uses  soft metrics coupled with
saturation and reversal limits. Consequently, the
flash signal serves to  saturate or substantially
erase signal components in the subset of the degrees
of freedom that it 20 occupies, but has negligible
impact on the performance of decoding the regular
codeword.  Moreover, if the receiver is not interested
in the flash signal, the receiver may just decode the
regular signal without decoding the flash signal, in
which case the receiver may not be even  aware of the
presence of the flash signal which may be interpreted
and/or treated as impulse or  background noise. 25 A
control channel embodiment of the present invention
shall be discussed below. In this  section, an
embodiment of the invention as applied to a control
channel of the exemplary system  will be described.
The control channel in this example carries
information from a base station  1702 over the
downlink broadcast channel to a plurality of mobile
users 1708, 1710 in a cellular 30 wireless system 1700
as shown in Fig. 17. In most cellular wireless
systems, control channels  are transmitted at
broadcast power since they are constrained by the
mobile users with the  weakest channels. Flash
signaling is well suited for this application in this
scenario and results in  significant power reduction
with no or little loss in robustness. WO 2004/075442
PCT/US2004/004700  -28 It is assumed that the
information carried on the control channel can be
separated into  



multiple subsets, each meant for one or more subset of
mobile users in the system. In this  example, we will
assume that the control channel information can be
partitioned into two 5 subsets. The first subset is
denoted `regular information' and is intended for
those mobile users  who experience moderate to high
downlink SNR. The second subset, denoted `protected
information,' is intended for a subset of users who
experience very low downlink SNR. In the example
considered here, the airlink resource is assumed to
comprise 32 symbols.  10 For example, in the exemplary
spread spectrum OFDM multiple access system, the
airlink  resource can be 32 orthogonal tones in one
OFDM symbol period, or one tone in 32 OFDM  symbol
periods, or any proper combination of tones and symbol
periods (e.g., 4 tones in 8  OFDM symbol periods). 15
As illustrated in superimposed signal 500 of Figure 5,
the regular information 540  represented by small
rectangles with no shading, in this example is
transmitted using a codeword  of 32 symbols. First
symbol location 501 and 32nd symbol location 532 are
shown for reference.  This codeword is transmitted at
a power that is sufficient to be decoded by the subset
of users  who experience moderate or high SNR. The low
SNR users are unlikely to be able to decode 20 this
codeword, and hence the power requirements are much
lower than they would have been if  the codeword had
to be decoded by each of the mobile users. This
difference in ability to decode  the codeword is
especially true in a wireless environment, where
mobile users can experience  SNR that varies by
several orders of magnitude. The protected
information, which is intended  for a subset of low
SNR mobile users, is transmitted using a flash signal
550 as illustrated in 25 Figure 5 and represented by 4
large rectangles with shading. In this embodiment,
each protected  codeword is assumed to concentrate its
energy in 4 symbol locations 502, 512, 520, 530. The
sets of 4 symbol locations are assumed to be
non-overlapping in this example, which results in 8
orthogonal sets, each of which include 4 symbol
locations. In general however, the codeword  sets may
overlap partially or completely in other
constructions. Concentrating the energy of the 30
protected codeword on more than one symbol location is
valuable from the viewpoint of  providing diversity in
cellular wireless systems and affords a greater degree
of protection against  channel fading and
interference. WO 2004/075442 PCT/US2004/004700  -29 In
the example of figure 5, each protected codeword set
communicates 3 bits through its  location alone. Let k
to be the index of the 8 different airlink resource
symbol sets. Suppose the  



32 airlink resource symbols are indexed from 0 to 31.
For k=0, ..., 7, the airlink resource  symbols of k-th
symbol set location are symbols k, k+8, k+16, and
k+24. 5 When a flash signal codeword includes multiple
symbols, additional information bits can  be
communicated using those symbols. Let {gO,gl,q2,q3}
denote the four symbols to be  transmitted with the
four airlink resource symbols of any one of the eight
airlink resource  symbol sets. In one embodiment,
{gO,gl,q2,q3 } can be constructed with 4 Walsh codes
of length 10 4 as tabulated in Table 1. The selection
of q0, q1, q2, or q3 results in an additional 2 bits
being  conveyed through the choice of the 4 codewords.
This information can be decoded at the mobile receiver
in a straightforward manner. The  mobile receiver can
identify the location of the flash signal because of
its higher energy, which  15 serves to identify the 3
bits of symbol set locations. It then extracts the
symbols that comprise the flash signal and decodes the
remaining 2 bits. This example of codeword
construction results  in the codewords possessing an
unequal error protection property. The bits that are
resolved by  the location of the flash signal are
received with high reliability. This is especially
true when a  flash signal is communicated over a
wireless channel since only one of the four symbol
locations 20 needs to be received to specify the
codeword set. The detection of q0, ql, q2, or q3 may
be more  susceptible to errors from channel fading or
interference. Alternatively, the receiver may employ
a more sophisticated decoder, such as maximum
likelihood decoder, to decode the flash signal in  its
entirety. Once again, this invention is not contingent
on the use of orthogonal codes on the  flash signals
as illustrated in this example. 25 This concept can be
extended in a straightforward manner to
multi-dimensional  modulation sets as well. For
example, if BPSK modulation were to be used, one more
bit can be  sent with the phase (i.e., sign) of the
flash signal codeword. Furthermore, if QPSK modulation
were to be used, additional one bit can be sent with
the selection of either in-phase or quadrature  30
signaling. WO 2004/075442 PCT/US2004/004700  -30 Table
1 Construction of orthogonal codes on flash signals
Codeword Index {gO,g1,q2,q3} bit values  0 



1 { +,+,-,- }  2 {+,-,+,-}  3 {+,-,-,+}  Flash
signaling in multiple-access channels will now be
described, in accordance with 5 the present invention.
While the invention has been described thus far in a
broadcast channel  paradigm, it is also applicable in
a multiple-access channel framework. This aspect of
the  invention will be described in the context of the
cellular uplink of the exemplary system, which  is a
multiple-access channel. Consider a base station
receiver that is receiving signals from two  mobile
transmitters on the uplink. Since the base station
1702 is also the coordinating entity, it 10 can
differentiate between the two transmitters in a
relative sense. Suppose that the mobile  transmitter
that operates over a channel with lower path loss is
designated as the `stronger'  transmitter, and the
other transmitter, which experiences higher path loss,
is considered a  `weaker' transmitter. The base
station instructs the weaker transmitter to transmit
its signal by  distributing the energy of the signal
across each of the degrees of freedom, while the
stronger 15 transmitter is instructed to concentrate
its transmit energy in a few degrees of freedom. The
composite received signal 600 at the base station
receiver 1802 is illustrated in Figure 6. The  base
station receiver 1802 can easily decode and cancel out
the flash signal 610, represented by  a large
rectangle with shading, transmitted from the
"stronger" transmitter before decoding the  weak
signal 620, represented by small rectangles with no
shading, transmitted from the 20 "weaker" transmitter.
The categorization of mobile transmitters as
`stronger' or `weaker' is not static and is a
relative definition, allowing for flexibility within
the system. The notion of mobile transmitters  as
being `stronger' or `weaker' may be associated to
other criteria in place of or in addition to 25 the
path loss experienced on the uplink channel. This
labeling or categorization of "stronger" or  "weaker"
mobile transmitter is in some embodiments could be
applied in the context of the  interference cost in
the cellular uplink. For instance, a mobile
transmitter that results in high  uplink interference
in other cells may be considered to be a `weaker'
transmitter and may hence  be instructed by the base
station to transmit its signal by distributing energy
across each of the WO 2004/075442 PCT/US2004/004700
-31 degrees of freedom. On the other hand, a mobile
transmitter which has low interference cost due  to
its location may be considered a `stronger'
transmitter, and can use flash superposition coding  



to superpose its signal on that of the `weaker'
transmitter. Alternatively, in some embodiments,
mobile transmitters can be categorized as `stronger'
or `weaker' based on device constraints 5 such as
battery power or state. Flash signaling in an
exemplary system shall be described in accordance with
the  methods and apparatus of the present invention.
In an exemplary wireless data communication  system,
the air link resource generally includes bandwidth,
time and power. The air link resource 10 that
transports data and/or voice traffic is called the
traffic channel. In the exemplary system,  data is
communicated over the traffic channel in traffic
channel segments (traffic segments for  short).
Traffic segments may serve as the basic or minimum
units of the available traffic channel  resources.
Downlink traffic segments transport data traffic from
the base station to the wireless  terminals, while
uplink traffic segments transport data traffic from
the wireless terminals to the 15 base station. In the
exemplary system, a traffic segment includes of a
number of frequency tones  over a finite time
interval. In the exemplary system used to explain the
invention, the traffic segments are  dynamically
shared among the wireless terminals 1708, 1710 that
are communicating with the  20 base station 1702. A
scheduling function, e.g., module 1838 in the base
station 1800 assigns each uplink and downlink segment
to one of the mobile terminals 1708, 1710 based on a
number  of criteria. The allocation of traffic
segments can be to different users from one segment to
another. For example, in Fig. 7 in a graph 700 of
frequency on vertical axis 702 vs. time on  horizontal
axis 704, segment A 706, shown with vertical line
shading, is assigned to user #1 by 25 the base station
scheduler and segment B 708 shown with horizontal line
shading is assigned to  user #2. The base station
scheduler can rapidly assign the traffic channel
segments to different  users according to their
traffic needs and channel conditions, which may be
time varying in  general. The traffic channel is thus
effectively shared and dynamically allocated among
different  users on a segment-by-segment basis. In the
exemplary system, the assignment information of 30
traffic channel segments is transported in the
assignment channel, which includes a series of
assignment segments. In a cellular wireless system,
such as the system 1700 shown in Figure 17,
assignment segments are generally transmitted in the
downlink. There are assignment segments  for downlink
traffic segments, and separate assignment segments for
uplink traffic segments. WO 2004/075442
PCT/US2004/004700  -32 Each traffic segment is
associated with a unique assignment segment. The
associated assignment  



segment conveys the assignment information of the
traffic segment. The assignment information  may
include the identifier of the user terminal(s), which
is assigned to utilize that traffic  segment, and also
the coding and modulation scheme to be used in that
traffic segment. Figure 8 5 includes a graph 800 with
a vertical axis 802, representing frequency and a
horizontal axis 804  representing time. Figure 8 shows
two assignment segments, assignment segment A' (AS A')
806 and assignment segment B' (AS B') 808, which
convey the assignment information of  traffic segments
A (TSA) 810 and B (TSB) 812. The assignment channel is
a shared channel  resource. The users, e.g., wireless
terminals, receive the assignment information conveyed
in the 10 assignment channel and then utilize the
traffic channel segments according to the assignment
information. Data transmitted by the base station 1702
on a downlink traffic segment is decoded by a
receiver in the intended wireless terminal 1708, 1710
while data transmitted by the assigned 15 wireless
terminal 1708, 1710 on the uplink segment is decoded
by a receiver in the base station  1702. Typically the
transmitted segment includes redundant bits that help
the receiver determine  if the data is decoded
correctly. This is done because the wireless channel
may be unreliable and  data traffic, to be useful,
typically has high integrity requirements. 20 Because
of the interference, noise and/or channel fading in a
wireless system, the  transmission of a traffic
segment may succeed or fail. In the exemplary system,
the receiver of a  traffic segment sends an
acknowledgment to indicate whether the segment has
been received  correctly. The acknowledgment
information corresponding to traffic channel segments
is  transported in the acknowledgment channel, which
includes a series of acknowledgment 25 segments. Each
traffic segment is associated with a unique
acknowledgment segment. For a  downlink traffic
segment, the acknowledgment segment is in the uplink.
For an uplink traffic  segment, the acknowledgment
segment is in the downlink. At the minimum, the
acknowledgment segment conveys one-bit of information,
e.g., a bit, indicating whether the  associated
traffic segment has been received correctly or not.
Because of a predetermined 30 association between
uplink traffic segments and acknowledgement segments,
there may be no  need to convey other information such
as the user identifier or segment index in an
acknowledgment segment. An acknowledgment segment is
normally used by the user terminal,  e.g., wireless
terminal 1708, 1710 that utilizes the associated
traffic segment and not other user WO 2004/075442
PCT/US2004/004700  -33 



terminals. Thus, in both the links (uplink and
downlink) the acknowledgment channel is a shared
resource, as it can be used by multiple users.
However, there is generally no contention that
results from the use of the shared acknowledgment
channel, as there is generally no ambiguity in  which
user terminal is to use a particular acknowledgement
segment. Figure 9 shows a graph 5 900 of downlink
traffic segments including a vertical axis 902
representing frequency, a  horizontal axis 904
representing time, a first traffic segment, traffic
segment (TS) A 906 and a  second traffic segment TSB
908, Figure 9 also shows a second graph 950 of uplink
acknowledgement (ACK) segments including a vertical
axis 952 representing frequency and a  horizontal axis
954 representing time. Figure 9 further shows two
uplink acknowledgment 10 segments, A" 956 and B" 958,
which convey the acknowledgment information of
downlink  traffic segments A 906 and B 908 from the
wireless terminal 1708 to the base station 1702.  As
described above, the exemplary system 1700 may be a
packet-switched cellular  wireless data system with
traffic segments allocated dynamically by the base
station 1702 on the 15 downlink as well as the uplink.
The application of the invention to the exemplary
system 1700 is  now described in the context of the
cellular downlink. Assume that the base station 1702
can  assign up to two traffic segments at a time in a
time-slotted manner. The choice of the users for  whom
these segments are intended is broadcast on an
assignment channel. Further assume  without loss of
generality that one of the two users operates at a
lower SNR than the other user. 20 In this context, the
two users are regarded as mutually `stronger' and
`weaker'. The graph of Figure 10 illustrates frequency
on vertical axis 1002 vs. time on the  horizontal axis
1004. Figure 10 also include an A (regular) assignment
segment (ASG) 1006, an  A traffic channel segment
(TCHa) 1008, an A (flash) acknowledgement segment
(ACKf) 1010, 25 a B flash assignment segment (ASGf)
1005, a B traffic channel segment (TCHb) 1007 and a B
acknowledgment segment (ACKr) 1009. ASGf 1005 is
within the frequency spectrum of ASGr  1006. ACKf 1010
is within the frequency spectrum of ACKr 1009. As
illustrated in Figure 10, the assignment information
for the stronger user, (ASGr),  30 1006 is transmitted
using the regular signal on the assignment channel,
while the information,  (ASGf), 1005 for the weaker
user is communicated using the flash signal. The
stronger receiver  learns from its (regular)
assignment that it is receiving a traffic segment,
denoted TCHa 1008,  while the weaker receiver is
similarly notified of its corresponding traffic
segment, denoted WO 2004/075442 PCT/US2004/004700  -34



TCHb 1007, through the flash signaled assignment
(ASGf) 1005. In the exemplary system, the  mobile
receivers 1708, 1710 provide a feedback
acknowledgement on the uplink to the base  station
1702 to indicate the status of the received traffic
segment. 5 The two mobile users 1708, 1710 can use
flash signaling to superpose their  acknowledgement
signals as shown in Figure 10. For this purpose, the
`stronger' receiver on the  downlink is assumed to be
the stronger transmitter on the uplink and hence
communicates its  acknowledgement using a flash signal
(ACKf) 1010. The weaker receiver distributes the
energy  of its acknowledgement signal over each of the
degrees of freedom and communicates it to the 10 base
station 1702 as a regular signal (ACKr)1009. The
capacity implication to cellular wireless systems is
discussed with respect to flash  signaling. Cellular
wireless systems are typically
interference-constrained and their capacity is
dependent on the amount and the characteristics of
ambient interference. The use of flash 15 signaling
has a very important effect on interference levels. It
is a well-known information  theoretic result that
among all noise signals with the same energy, Gaussian
noise results in the  lowest capacity. Flash signals,
by virtue of their construction, are peaky and highly
non- Gaussian in nature. Hence, given the same total
amount of interference, when one cell in a  wireless
system uses flash signals, the impact of these signals
(as interference) on other cells is 20 less than it
would have been with Gaussian-like signals. This
applies for the uplink as well as  downlink paths of
cellular wireless systems. Figure 11 illustrates two
exemplary set of information, a first set of
information 1150 and  a second set of information 1160
that may be transmitted using a transmission block, in
25 accordance with the present invention. The first
set of information 1150 includes information  Al 1151,
information A2 1152, information AN 1153; the second
set of information 1160  includes information B1 1161,
information B2 1162, information BM 1163. First set of
information may be, e.g., user data, assignments, or
acknowledgements. Second set of  information may be,
e.g., user data, acknowledgements or assignments.
Figure 11 also shows a 30 graph 1100 of minimum
transmission units (MTU), where the vertical axis
represents frequency  tones and the horizontal axis
1104 represents time. In Figure 11, each small box
refers to a  specific MTU unit, e.g. division 1112,
represents 1 degree of freedom which can be used to
transmit information. Each slot on the horizontal
axis, e.g., slot 1110 represents the time to WO
2004/075442 PCT/US2004/004700  -35 



transmit a MTU, e.g., an OFDM symbol time. Each square
in Figure 11, e.g. exemplary square  1114 represents
an MTU unit. Each MTU corresponds to a unique
combination of resources  used for the transmission of
information, said combination of resources including
at least two of  time, frequency, phase, and spreading
code. In an OFDM system, a MTU may be frequency or 5
phase over time, e.g., an in-phase or quadrature
component in an OFDM tone-symbol. In a  CDMA system,
an MTU unit may be, e.g., a spreading code assigned
for a unit of time. An  exemplary transmission block
1106 shown in Fig. 11 is the set of 24 MTUs. The
information  for the first set of information 1150 is
defined over a first set of minimum transmission
units.  The first set of minimum transmission units is
identified by those squares with a diagonal line 10
1116 ascending from left to right. The exemplary first
set of MTUs includes 15 MTUs, e.g.,  exemplary MTU
1120 is in the first set of MTUs. The first set of
MTUs includes at least a  majority of the MTUs in the
transmission block 1106, in accordance with the
invention. In  some embodiments, the first set of MTUs
includes at least 75% of the MTUs in the transmission
block 1106. The example of Fig. 11 is such as
embodiment which includes 15 first set MTUs /  15 20
block 1106 total number of MTUs = 75%. The information
for the second set of information  1160 is defined
over a second set of minimum transmission units. The
second set of minimum  transmission units is
identified by those squares with a diagonal line 1118
descending from left  to right. The second exemplary
set of minimum transmission units includes 3 MTUs. In
accordance with the invention, the second set of MTUs
includes less MTUs than the first set of  20 MTUs, and
some of the MTUs in the first and second sets of MTUs
are the same. For example,  in Figure 11, 2 MTUs are
included in both sets, MTU 1122 and MTU 1123. In some
embodiments, the second set of MTUs has less than half
the number of MTUs of the first set of  MTUs; figure
11 is an illustration of such as embodiment. The
information in the first and  second sets of
information 1150, 1160, may be communicated, e.g.,
from a base station 1702 to 25 a wireless terminal
1708, 1710, using minimum transmission units included
in first and second  sets of minimum transmission
units. Figure 12 shows a graph 1200 of minimum
transmission units (MTU) on the vertical axis  1202
vs. time on the horizontal axis 1204. Figure 12 shows
an exemplary transmission block 30 1205 including 1600
MTUs. A first set of information may be represented by
a first set of MTUs  including a majority of the 1600
MTUs in the transmission block 1205. The transmission
block  1205 may, in accordance with the invention, be
subdivided into sub-blocks. In Figure 11, the
transmission block 1205 of MTUs is divided into 16
sub-blocks of MTUs, each subset including 



WO 2004/075442 PCT/US2004/004700  -36 100 MTUs. Each
small square, e.g., exemplary square 1206, encloses a
sub-block of MTUs. In  some embodiments, the first set
of MTUs may be sub-divided into small sets of
information,  each set represented by a first set MTUs
within an individual sub-block. In combination, the
small sets of information represent a first set of
information that is coded over a majority of the 5
large transmission block 1205. Exemplary sub-block
1207 illustrates 100 typical MTUs of an  exemplary
sub-block Exemplary sub-blocks 1208 illustrates 100
typical MTUs of another sub- block. The individual
MTUs of the other sub-blocks of the transmission block
1205 are not  shown, but each of the other sub-blocks
may be assumed to be similar to exemplary sub-block
1207. Each circle in a sub-block represents an MTU.
Each diagonal line ascending from left to 10 right
intersecting a circle represents an individual MTU
that is used to represent the information  in the
first set of information. Each diagonal line
descending from left to right intersecting a  circle
represents an individual MTU that is used to represent
the information in the second set of  information. In
Figure 12, an exemplary MTU 1208 is one of the MTUs
used to represent the  first set of information;
exemplary MTU 1211 is another of the MTUs used to
represent the first 15 set of information. Exemplary
MTU 1209 is not used to represent information in
either the first  set or the second set of information
in the particular case although it is within the
exemplary  transmission block 1205. That is, at the
particular illustrated point in time, MTU 1209 is not
used to carry signals corresponding to the first or
second information sets. Exemplary MTU  1210 is used
to represent information in both the first set of
information and the second set of  20 information. In
the example of Figure 12, each sub-block, e.g.
sub-block 1207 may be used to  represent information
uniquely representing a part of a first set of
information being uniquely  defined over the small
sub-block of MTUs. However, the second set of
information may 25 represent a different set of
information, e.g., 10-bit information. To convey the
10-bit  information uniquely, 210 = 1024 possible
minimum transmission units may be required.
Transmission block 1205 with 1600 possible minimum
transmission units available may be  used, and a
single MTU allocated to represent a particular value
of the 10-bit information. In this  example, MTU 1210
is the one MTU used to convey the information of the
second set of 30 information when the information is
transmitted. Figure 12 represents a case where each of
the  MTUs included in the second set of MTUs is also
included in the first set of MTUs. 



WO 2004/075442 PCT/US2004/004700  -37 Figure 13 1301
illustrates one method for transmitting two sets of
information, e.g. sets  of information 1150 and 1160
of Fig 11, in accordance with the invention. Figure 13
includes a  first device, e.g. device 1 1302 including
a transmitter, transmitter 1, 1304, and a second
device,  e.g., device 2 1308 including a transmitter,
transmitter 2 1310. Each device may be, e.g., a base 5
station or a wireless terminal of the type shown in
Figure 17. The first set of information 1150  is
communicated by signals, e.g. signal 11306,
transmitted from transmitter 1 1304. Signal 1  1306 is
sometimes referred to as the underlying or regular
signal. The second set of information  1160 is
communicated by signals, e.g. signal 1 1312,
transmitted from transmitter 2 1310.  Signal 2 is
sometimes referred to as the flash signal. In the
exemplary case of Figure 13, signal 10 11306 would use
the first set minimum transmission units, while signal
2 1312 would use the  second set minimum transmission
units. Some of the first set MTUs transmitted by
transmitter 1  1304 would be the same as some of the
second set MTUs resulting in some superposition of
signal 1 1306 and signal 2 1312. 15 Figure 14
illustrates two methods for transmitting two sets of
information, e.g., sets of  information 1150 and 1160
of Fig. 11, in accordance with the invention. In the
first method  described in Fig. 14, an exemplary
device 3 1402, e.g., a base station or a wireless
terminal,  includes a transmitter, transmitter 3 1404
capable of transmitting signals corresponding to both
first and second sets of information 1150, 1160
respectively. In Figure 14, signal 3 1406 20
corresponds to first set of information 1150 and uses
a first set of MTUs, while signal 4 1408  corresponds
to second set of information 1160 and uses a second
set of MTUs. Signal 3 1406 is  sometimes referred to
as the underlying signal or regular signal while
signal 4 1408 is  sometimes referred to as the flash
signal. Signal 4 1408 is transmitted at a higher power
level  than signal 3 1406 on a per minimum
transmission unit basis. In some embodiments, the
power 25 level at which signal 4 1408 is transmitted
is at least 3db greater than the power level at which
the minimum transmission units corresponding to signal
3 1406 are transmitted. In some  embodiments, the
transmission power level of the minimum transmission
units used to transmit  signal 3 1406 may be varied.
The transmission power level of the MTUs used to
transmit signal  4 1408 may also be varied. 30 In the
second method described in Figure 14, an exemplary
device, device 4 1410, e.g., a  



base station or wireless terminal includes a
transmitter, transmitter 4 1412. Transmitter 4 1412
includes a 1St signal module 1411 and a second signal
module 1413. The first signal module WO 2004/075442
PCT/US2004/004700  -38 1411 generates signal 5 1414
corresponding to the first set of information 1150.
The second  signal module 1413 generates signal 6 1416
corresponding to the second set of information  1160.
Signal 5 1414 and signal 6 1416 are combined by
combiner module 1418 prior to  transmission of MTUs in
signal 1420. Signal 5 1414 is sometimes referred to as
the underlying 5 or regular signal and signal 6 1416
is sometimes referred to as the flash signal. The
combiner  module 1418 can perform superposition of the
two signals, signal 5 1414 and signal 6 1416.
Alternately, the combiner module 1418 may compare the
set of MTUs that would be used to  transmit signal 5
1414 with the set of MTUs that would be used to
transmit signal 6 1416. The  combiner module 1418 can
direct the information in signal 6 1414 into each of
the MTUs 10 requested; however, the module 1418 can
exclude from the set of MTUs allocated for signal 5
1414 those MTUs already assigned to carry signal 6
1416. For example, in the Fig. 11 example,  MTU 1122
and MTU 1123 could be excluded from carrying signal 5
1141 information. In this  way the second set of
information 1160 in signal 6 1416 punches through or
replaces the first set  of information 1150 in signal
5 1414 which would occupy the same MTU. This
implementation  15 assumes the receiver has error
detection and correction capability sufficient to
recover the original first set of information 1150,
some of which was not transmitted. Thus, rather than
using actual superposition, signals corresponding to
the second set may be transmitted without  being
superimposed on signals of the first set with the
overlapping first set signals being  discarded prior
to actual transmission. In such a case, the MTUs used
to communicate the 20 second set of information
puncture the set of MTUs in the shared transmission
block that were  selected to transmit the first set of
information. Figure 15 illustrates an exemplary
device, device 5 1502, e.g., a base station or a
wireless  terminal, which may be used to receive
combined signals, in accordance with the invention,
and  25 obtain two set of received information, info
A' 1516 and info B' 1518. Info A' 1516 is a recovered
set of information corresponding to the first set of
original pre-transmission  information info A 1150 of
Figure 11. Info B' 1518 is a recovered set of
information  corresponding to the first set of
original pre- transmission information info B 1160 of
Figure 11.  Device 5 1502 includes a first receiver,
receiver 1 1506 including an impulse noise filter 1510



30 and an error correcting module 1512. A combined
signal, signal 8 1520 including signals that  had been
transmitted together over time, e.g., signal 3 1406
(regular of underlying signal) of  Figure 13 and
signal 4 1408 (flash signal) of Fig 13, is processed
by receiver 11506 where the  impulse noise filter 1510
filters out or rejects signal corresponding to MTU
units derived from WO 2004/075442 PCT/US2004/004700
-39 the second information set 1160. The remaining
signal (regular signal) corresponding to most of  the
MTUs in the set of MTUs corresponding to the first
information set 1150 is processed  through the error
correcting module 1512 which recovers the "lost
information", and thus  received set of info A' 1516
is an good representation of the pre-transmission set
of information 5 A 1150. Device 5 1502 also includes a
second receiver, receiver 2 1508 including a
background  noise filter 1514. The combined signal 8
1520 also enters receiver 2 1508, where the
background noise filter 1514 treats the signal
corresponding to the first set of information 1150,
e.g. signal 3 1406, as noise and removes or rejects
this low level signal, leaving a signal (e.g.,  the
flash signal) from which an good representation of
pre-transmission second set of info B 10 1160 may be
reconstructed as received information set B' 1518. The
second device, device 6, shown in Figure 15 performs
the combined signal reception  and information
retrieval similarly to device 5 1502. Device 6 1532
includes a first receiver,  receiver 1 1540, and a
second receiver, receiver 2 1538. Receiver 1 1536
includes a decoder, 15 decoder 1 1540 including an
impulse filter 1544 and error correcting module 1546.
Receiver 2  1538 includes a decoder, decoder 2 1542
including a background noise filter 1548. Operation of
device 6 1532 is similar to that described with
respect to device 5 1502, except that additional
decoding occurs in device 6 1532. During operation
receivers 1536 and 1538 operate  independently and in
parallel. The first receiver 1536 treats the flash
signal as impulse noise and 20 rejects flash symbols
as impulse noise or performs some other operation,
e.g., a saturation  operation, treating the flash
component just as any other impulse noise signals
might be treated.  Receiver 2 1538 decodes the flash
signal while treating the lower power signal as
background  noise. Combined signal 9 1554 is similar
to combined signal 8 1520 including both regular and
flash signals. Received information set A" 1550
corresponds to an a good reconstruction of the 25
original pre-transmission first set of information A
1150 of Figure 11. Received information set  B" 1552
corresponds to a good reconstruction of the original
pre-transmission second set of  information B 1160 of
Figure 11. 



Figure 16 shows another exemplary device, device 7
1562, e.g. a base station or wireless  30 terminal,
including a first receiver, receiver 11563 and a
second receiver, receiver 2 1564.  Receiver 1 1563
includes a decoder 1565 including a discarding module
1570 and an error  correcting module 1566. Receiver 2
1564 includes a decoder 1566 including a background
noise filter 1567 and a 2nd signal MTU identification
module 1568. Combined signal 10 1573 is WO 2004/075442
PCT/US2004/004700  -40 received and enters the
receiver 2 1564. In the decoder 1566 of receiver 2
1564, the signal may  be filtered by a background
filter 1567 and the information decoded and output as
a set of info  B"' 1572, a reconstruction of the
original pre- transmission set of info B 1160 of
Figure 11. In  addition, the 2nd signal MTU
identification module 1568 identifies a set of MTUs
1569 5 corresponding to the second (flash) signal, and
sends that information 1573 to the decoder 1565  of
receiver 11563. In some embodiments, the identified
set of MTUs 1573 are one of in-phase  and quadrature
components of tones at different symbol times. The
discarding module 1570 of the decoder 1565 in receiver
1 1563 receives the 10 identified set of MTUs 1573 and
rejects or removes the information derived from those
MTU  units before the information enters the error
correcting module 1566. Alternately, the  information
identifying MTUs of the second or "flash" signal may
be conveyed directly to the  error correcting module
1566 which may remove the contribution from those
MTUs. Set of  information A"' 1571 corresponds to a
reconstruction of the pre-transmission first set of 15
information 1150 of Fig. 11. The discarding of
identified MTUs and their contribution to the  lower
power signal is in sharp contrast to the prior art
superposition decoding technique which  requires the
high power signal component to be accurately
subtracted from a received signal unit  before the
underlying signal could be recovered. 20 While
described in the context of an OFDM system, the
methods and apparatus of the  present invention, are
applicable to a wide range of communications systems
including many  non-OFDM and/or non-cellular systems.
In various embodiments nodes described herein are
implemented using one or more 25 modules to perform
the steps corresponding to one or more methods of the
present invention, for  example, signal processing,
message generation and/or transmission steps. Thus, in
some  embodiments various features of the present
invention are implemented using modules. Such  modules
may be implemented using software, hardware or a
combination of software and  



hardware. Many of the above described methods or
method steps can be implemented using 30 machine
executable instructions, such as software, included in
a machine readable medium such  as a memory device,
e.g., RAM, floppy disk, etc. to control a machine,
e.g., general purpose  computer with or without
additional hardware, to implement all or portions of
the above  described methods, e.g., in one or more
nodes. Accordingly, among other things, the present WO
2004/075442 PCT/US2004/004700  -41 invention is
directed to a machine-readable medium including
machine executable instructions  for causing a
machine, e.g., processor and associated hardware, to
perform one or more of the  steps of the
above-described method(s). 5 Numerous additional
variations on the methods and apparatus of the present
invention  described above will be apparent to those
skilled in the art in view of the above description of
the invention. Such variations are to be considered
within the scope of the invention. The  methods and
apparatus of the present invention may be, and in
various embodiments are, used  with CDMA, orthogonal
frequency division multiplexing (OFDM), and/or various
other types of LO communications techniques which may
be used to provide wireless communications links
between access nodes and wireless terminals. In some
embodiments the base stations establish
communications links with mobile nodes using OFDM
and/or CDMA. In various embodiments  the wireless
terminals are implemented as notebook computers,
personal data assistants (PDAs),  or other portable
devices including receiver/transmitter circuits and
logic and/or routines, for 15 implementing the methods
of the present invention. The techniques of the
present invention may be implemented using software,
hardware  and/or a combination of software and
hardware. The present invention is directed to
apparatus,  e.g., wireless terminals, base stations,
communications system which implement the present 20
invention. It is also directed to methods, e.g.,
method of controlling and/or operating wireless
terminals, base stations and/or communications
systems, e.g., hosts, in accordance with the  present
invention. The present invention is also directed to
machine readable medium, e.g.,  ROM, RAM, CDs, hard
discs, etc., which include machine readable
instructions for controlling  a machine to implement
one or more steps in accordance with the present
invention. WO 2004/075442 PCT/US2004/004700  -42 WHAT
IS CLAIMED IS: 



1 1. A method of transmitting at least first and
second sets of information using a 2 transmission
block, said transmission block including a plurality
of minimum transmission units,  3 each minimum
transmission unit corresponding to a unique
combination of resources used for 4 transmission of
information, said resources including at least two of
time, frequency, phase, and  5 spreading code, the
method comprising: 6 defining a first set of said
minimum transmission units for use in conveying said
first set  7 of information, said first set including
at least a majority of said transmission block; 8
defining a second set of said minimum transmission
units for use in conveying said  9 second set of
information, said second set of minimum transmission
units including less 10 minimum transmission units
than first set; at least some of minimum transmission
units in the  11 first and second sets of minimum
transmission units being the same; and 12
communicating the first and second sets of information
using minimum transmission  13 units included in said
first and second sets of minimum transmission units. 1
2. The method of claim 1, wherein said information is
at least one of user data and control  2 information
including acknowledgements and assignment information.
1 3. The method of claim 1, wherein communicating the
first and second sets of information  2 includes
transmitting signals corresponding to said first and
second sets of information, 3 respectively, from
different transmitters. 1 4. The method of claim 3,
wherein said different transmitters are mounted on
different  2 devices. 1 5. The method of claim 1,
wherein the signals corresponding to said first and
second set of  2 information are transmitted from the
same transmitter. 1 6. The method of claim 1, wherein
said first set of minimum transmission units includes
at  2 least 75% of the total number of minimum
transmission units in said transmission block. WO
2004/075442 PCT/US2004/004700  -43 1 7. The method of
claim 6, wherein the second set of minimum
transmission units has less  2 than half the number of
minimum transmission units of the first set of minimum
transmission  3 units. 1 S. The method of claim 6,
wherein each of the minimum transmission units
included in the  2 second set of minimum transmission
units is also included in said first set of minimum 3
transmission units. 



1 9. The method of claim 1, 2 wherein communicating
the first and second sets of information includes
transmitting  3 said second set of information using
each minimum transmission unit in said second set of 4
minimum transmission units, and 5 wherein
communicating the first set of information includes
transmitting said first set of  6 information includes
transmitting at least some of said first set of
minimum transmission units.  1 10. The method of claim
9, wherein said at least some of first set of minimum
transmission  2 units includes only minimum
transmission units not included in said second set of
minimum 3 transmission units. 1 11. The method of
claim 9, wherein said at least some of said first set
of minimum  2 transmission units includes minimum
transmission units in said second set. 1 12. The
method of claim 11, wherein the first and second sets
of information are 2 communicated using at least first
and second signals, respectively, and wherein the
method  3 further comprises combining the first and
second signals to form a combined signal prior to  4
using a minimum transmission unit included in said
first and second sets of minimum 5 transmission units
to transmit said combined signal.  1 13. The method of
claim 1, 2 wherein the second signal is transmitted at
a higher power level than said first signal on a  3
per minimum transmission unit basis; and 4 wherein
communicating the first and second sets of information
includes: WO 2004/075442 PCT/US2004/004700  -44 5
using minimum transmission units includes using at
least some of the minimum  6 transmission units
included in said first set of minimum transmission
units to transmit a  7 first signal corresponding to
the first set of information; and 8 using the minimum
transmission units in said second set of minimum 9
transmission units to transmit a second signal
corresponding to the second set of  10 information. 1
14. The method of claim 13, wherein the power level at
which the minimum transmission  2 units corresponding
to the second signal is transmitted is at least 3dB
greater than the power  3 level at which the minimum
transmission units corresponding to the first signal
is transmitted.  1 15. The method of claim 13, further
comprising varying the transmission power level of the



2 minimum transmission units used to transmit said
second signal. 1 16. The method of claim 13, further
comprising varying the transmission power level of the
2 minimum transmission units used to transmit said
first signal. 1 17. An apparatus for receiving a
combined signal including first and second signals  2
transmitted together over time, first and second
signals sharing an overlapping set of 3 communications
resources, where said overlapping resources include at
least two of time,  4 frequency, phase and spreading
code, the apparatus comprising: 5 a first receiver for
receiving said combined signal from a communications
channel, said  6 first receiver including a filter for
treating portions of said combined signal
corresponding to 7 said second signal as impulse
noise; and 8 a second receiver, arranged in parallel
with said first receiver, for receiving said 9
combined signal from said communications channel, said
second receiver including a filter for  10 treating
portions of said combined signal corresponding to said
first signal as background noise.  1 18. The apparatus
of claim 17, wherein said apparatus includes error
correcting means for 2 recovering information lost due
to treating a portion of said combined signal
corresponding to  3 said second signal as impulse
noise. WO 2004/075442 PCT/US2004/004700  -45 1 19. The
method of claim 17, wherein said first and second
signals share the same frequency  2 band. 1 20. An
apparatus for receiving a combined signal including
first and second signals  2 transmitted together over
time, the apparatus including: 3 a first receiver for
receiving the combined signal, the first receiver
including: 4 i) a first filter module for filtering
impulse noise from said received combined  5 signal,
portions of said signal corresponding to the second
signal being treated as  6 impulse noise by said
filtering module; and 7 ii) a first decoder for
decoding information corresponding to the first signal
8 coupled to said first filter module, said first
decoder determining the value of the  9 received
combined signal at a first set of minimum transmission
units; and 10 a second receiver including: 11 i) a
second filter module for filtering background noise
from said received  12 combined signal; and 



13 ii) a second decoder for decoding information
corresponding to the second signal  14 coupled to said
second filter module, said second decoder determining
the value  15 of the received combined signal at a
second set of minimum transmission units, a  16
majority of said second set of minimum transmission
units being included in said  17 first set of
transmission units. 1 21. An apparatus for receiving a
combined signal including first and second signals  2
transmitted together over time, the apparatus
including: 3 a second receiver for receiving the
combined signal and identifying minimum 4 transmission
units in said combined signal corresponding to said
second signal, the second  5 receiver outputting
information identifying the identified minimum
transmission units 6 corresponding to the second
signal; and 7 a first receiver for receiving said
combined signal said first receiver including a
decoder  8 for decoding portions of said combined
signal corresponding to said first signal, said
decoder 9 receiving said information identifying the
identified minimum transmission units corresponding
10 to the second signal and discarding said identified
minimum transmission units corresponding to  L 1 the
second signal. WO 2004/075442 PCT/US2004/004700  -46 1
22. The apparatus of claim 21, wherein said identified
units corresponding to the second 2 signal are one of
in-phase and quadrature components of tones at
different symbol transmission  3 times. 1 23. The
apparatus of claim 21, wherein said first receiver
includes: 2 error correction circuitry for recovering
first signal information lost due to the discarding  3
of said identified transmission units corresponding to
the second signal. 




