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(57) ABSTRACT 

The present invention pertains to a transmitter that can 
exploit feedback to help it organize information Which is 
subsequently sent to a receiver. More speci?cally, the trans 
mitter receives a feedback signal from the receiver and then 
uses data about a channel in the feedback signal to adapt at 
least one of a coding, interleaving and modulating scheme to 

(21) Appl, NQ; 10/977,699 organize information Which is subsequently transmitted to 
the receiver. In this Way, the transmitter can obtain the best 

(22) Filed; Oct, 29, 2004 match of a channel and a given information payload. 
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METHOD FOR ADAPTIVE INTERLEAVING IN A 
WIRELESS COMMUNICATION SYSTEM WITH 

FEEDBACK 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a Wireless com 
munication system With coding, interleaving and modulation 
that has transmitters that can exploit feedback about a state 
of a channel in choosing hoW to organiZe information. 

[0003] 2. Description of Related Art 

[0004] The use of coding, interleaving and modulation is 
prevalent in both current and proposed Wireless communi 
cation systems. Also, the current and proposed Wireless 
communication systems can have different forms of radio 
access including Time Division Multiple Access (TDMA) 
With or Without frequency hopping, Code Division Multiple 
Access (CDMA), Orthogonal Frequency Division Multi 
plexing (OFDM), Multi-Carrier CDMA (MC-CDMA), etc. 
In addition, the current and proposed Wireless communica 
tion systems enable many different forms of feedback sig 
naling, ranging from poWer control commands to complete 
channel state information. These main ingredients can be 
combined in different Ways Within the current and proposed 
Wireless communication systems. To help describe hoW 
these main ingredients can be combined Within traditional 
Wireless communication systems, reference is made to FIG. 
1. 

[0005] FIG. 1 (PRIOR ART) is a block diagram shoWing 
the basic components of a traditional Wireless communica 
tion system 100 that includes a single-antenna transmitter 
102 (only one shoWn) and a single-antenna receiver 104 
(only one shoWn). One skilled in the art Will appreciate that 
it is relatively straightforWard to extend this diagram and the 
description beloW to take into account multiple-antenna 
transmitters and/or multiple-antenna receivers. As shoWn, 
the transmitter 102 has a coder 106, an interleaver 108 and 
a modulator 110 that Work together to transmit a radio signal 
112 Which passes through a channel and is received by the 
receiver 104. The received radio signal 112 is made up of 
many components, including the desired signal, oWn cell 
interference, other cell interference, adjacent carrier inter 
ference, and internal receiver noise. In baseband, the 
received radio signal 112 can be Written as: 

rn=C *sn+in+wn, 

Where sn refers to the desired signal information symbols, 
C=[CO, . . . , CM_l] is a vector of M channel taps representing 

the state of the channel, * indicates a ?lter, or convolution, 
operation, in refers to one or more co-channel and adjacent 
channel interference signals that the receiver 104 treats 
explicitly (for instance by Whitening or joint detection), and 
WD refers to all other noise. 

[0006] The format of the desired signal sn may be TDMA, 
CDMA, OFDM, MC-CDMA, etc . . . First consider the case 

of TDMA. On each slot, assume that the receiver 102 
computes an estimate of the signal-to-noise-ratio (SNR). 
The SNR is presumed to account for the particular capa 
bilities of the receiver 104. That is, if the receiver 104 
suppresses co-channel or adjacent channel interference, then 
that is re?ected in the SNR. In a non-frequency hopped 
TDMA system, the slot SNR’s re?ect the time evolution of 
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the desired signal channel, interference, etc . . . And, in a 
frequency hopped TDMA system, the SNR’s re?ect the 
frequency selectivity of the channel, and the different inter 
ference level on each hop. Next consider the case of OFDM 
and MC-CDMA, Where it is assumed that the receiver 104 
computes an SNR for each carrier. These SNRs re?ect the 
frequency selectivity of the channel, and the different inter 
ference level on each carrier. In all of these cases associated 
With TDMA, CDMA, OFDM, MC-CDMA, etc . . . , the 
receiver 104 sends the SNR information in a feedback signal 
114 to the transmitter 102. 

[0007] Unfortunately, the traditional transmitter 102 does 
not use the SNR information in the feedback signal 114 to 
help organiZe the information it subsequently transmits in a 
radio signal 116 to the receiver 104. Instead, the transmitter 
102 uses a randomiZing strategy or some other strategy to 
send the information in radio signal 116 to the receiver 104. 
A more detailed discussion is provided next about some of 
the different Ways the transmitter 102 can use a randomiZing 
strategy or some other strategy to send the information in 
radio signal 116 to the receiver 104. 

[0008] First, assume the transmitter 102 protects the infor 
mation by using a random error correcting code. The random 
error correcting code can include convolutional codes, turbo 
codes, binary block codes or loW density parity check codes 
(for example). Also, assume that the transmitter 102 uses 
trellis coded and block coded modulation schemes. These 
coding and modulation schemes are designed, and Work best 
for the transmitter 102 in a non-fading environment Where 
the presence of a noise process is independent from bit to bit 
(or symbol to symbol). HoWever, in a fading environment 
for these methods to Work Well, the transmitter 102 typically 
resorts to a randomiZing strategy Which uses some form of 
interleaving to try and re-create a favorable scenario that 
takes advantage of diversity to transmit the information in 
radio signal 116 to the receiver 104. The term diversity is 
used herein to cover the variation in the desired signal’s 
channel conditions, as Well as the level of interference and 
its channel conditions, Which are all seen from the vantage 
point of the receiver 104. 

[0009] For instance, in a non-frequency hopping TDMA 
system, the transmitter 102 interleaves the bits from a 
codeWord over multiple slots and Within each slot to bene?t 
from time diversity. In a frequency hopping TDMA system, 
the transmitter 102 interleaves the bits from a codeWord over 
multiple hops, to bene?t from frequency diversity. This is 
typically done in addition to time diversity. For a more 
detailed discussion about the relationship betWeen coding 
and hopping reference is made to US. Patent Application 
Serial No. 2002/0126736 entitled “Methods and Systems for 
Selective Frequency Hopping in Multiple Mode Communi 
cation Systems”. The contents of this document are incor 
porated be reference herein. 

[0010] Similarly, in an OFDM or MC-CDMA system, the 
transmitter 102 interleaves the bits from a codeWord over 
multiple carriers. Thus, the guiding principle of a random 
iZing strategy that uses interleaving is to subject each 
codeWord to a diversity of channel conditions, some of 
Which are favorable, to give the receiver 104 a good chance 
of decoding that codeWord successfully. 

[0011] NoW assume the transmitter 102 protects the infor 
mation by using a burst error correcting code. The burst error 
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correcting code includes binary codes such as Fire codes, 
and non-binary codes such as Reed-Solomon codes. In this 
situation, the strategy is essentially the opposite of random 
iZing. That is, for the case of a binary code, the transmitter 
102 places neighboring bits on the same modulation symbol, 
and on the same slot or on the same tone. That Way, if 
conditions at the receiver 104 are bad on a certain modula 

tion symbol or slot or tone, a burst error may occur, Which 
a decoder located therein is Well suited to handle. Similarly, 
for the case of a non-binary code, the bits representing a 
non-binary code symbol (Which may or may be the same 
siZe as a modulation symbol) are placed on the same 
modulation symbol, and on the same slot or on the same 
tone. As can be seen, the transmitter 102 and the burst error 
correcting code scheme described in this example do not use 
the SNR information in the feedback signal 114 to help 
organiZe the information it subsequently transmits in radio 
signal 116 to the receiver 104. 

[0012] NoW assume the transmitter 102 protects the infor 
mation by using error control coding Which is found in 
differential modulation and coding schemes. Typically, dif 
ferential modulation is used for reasons other than coding. 
But, in here differential modulation is vieWed from the 
coding perspective. For instance, consider the IS-l36 stan 
dard, Which uses Differential Quadrature Phase Shift Keying 
(DQPSK). In this case, the transmitter 102 While in speech 
mode protects certain information bits by coding While other 
information bits remain uncoded. 

[0013] It has been found that the performance of DQPSK 
can be enhanced With the use of multi-pass demodulation. 
This enhancement performance is described in US. Pat. No. 
5,673,291, the contents of Which are incorporated by refer 
ence herein. Basically, the patent describes an idea Where 
re-encoded DQPSK symbols corresponding to protected bits 
are used as effective pilots, to help demodulate the received 
neighboring symbols. 

[0014] The multi-pass demodulation scheme itself can 
also be improved upon as described in an article by A. 
Khayrallah et al. entitled “Interleaver Design and Multi-Pass 
Demodulation,” Proceedings Conference on Information 
Sciences and Systems, 2001. The contents of this article are 
incorporated by reference herein. Using the scheme 
described in this article, one can provide large performance 
gains When the original interleaver is replaced With one 
designed speci?cally to take advantage of the interplay 
betWeen multi-pass demodulation and the differential prop 
er‘ties of DQPSK. 

[0015] It has also been found Where it is useful to separate 
the differential aspect from the modulation itself. That is, 
one can use standard coherent modulation such as Phase 

Shift Keying (PSK) or Quadrature Amplitude Modulation 
(QAM) and then impose differential relations among the bits 
before mapping them into modulation symbols. An advan 
tage of this is associated With the added ?exibility one has 
to design various differential relations among the bits. More 
over, it has been shoWn in the folloWing tWo documents that 
such differential schemes can provide large gains in con 
junction With multi-pass demodulation. One document is 
US. Patent Application No. 2001/0033621 and the other 
document is an article by A. Khayrallah entitled “Differen 
tial Coding over Bits for Higher Level Modulation,” Pro 
ceedings Conference on Information Sciences and Systems, 
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2002. The contents of both of these documents are incor 
porated by reference herein. In these schemes, the basic idea 
is that re-encoded bits can act as effective pilots, boosting 
the performance of neighboring bits that are connected to 
them by a differential relation. As can be seen, the trans 
mitter 102 and the differential modulation and coding 
schemes described in this example do not use the SNR 
information in the feedback signal 114 to help organiZe the 
information it subsequently transmits in radio signal 116 to 
the receiver 104. 

[0016] From the foregoing, it should be noticed that the 
traditional transmitter 102 even With the availability of 
extensive information in the feedback signal 114 still uses 
only a randomizing strategy or some other strategy like 
differential modulation and coding to send the information 
in radio signal 116 to receiver 104. The exploitation of 
information in a feedback signal, to help a transmitter better 
organiZe the information that is transmitted in a radio signal 
to a receiver is a focus of the present invention. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The present invention pertains to a Wireless com 
munication system Which has a transmitter that can exploit 
feedback to help it organiZe information Which is subse 
quently sent to a receiver. More speci?cally, the transmitter 
implements one of the schemes of the present invention so 
it can exploit feedback about the state of a channel in 
determining hoW to organize information Which is then sent 
to the receiver. Several different schemes are described 
herein to help explain hoW the transmitter can organiZe 
information to exploit the knoWn channel conditions. For 
instance, the schemes can use random error correcting 
codes, burst error correcting codes or differential modula 
tion/coding schemes. An aim of the present invention is to 
enable a transmitter to obtain the best match of a channel and 
a given information payload. The present invention is Well 
suited for ?xed rate applications, such as speech coders and 
streaming media applications. In addition, the present inven 
tion does not preclude the use of other control mechanisms, 
such as varying the rate or the poWer, Which can be con 
sidered as an outer control in addition to the schemes of the 
present invention. 

[0018] The typical scenario described herein is one Where 
a terminal (receiver) sends feedback information about the 
doWnlink to a base station (transmitter) on an uplink chan 
nel. This can happen in applications such as streaming and 
Web broWsing Where the data traf?c on the doWnlink is 
higher than on the uplink. The uplink is likely to have the 
excess capacity to handle the traf?c generated by the feed 
back. There are other scenarios Where the traffic is balanced 
or higher on the uplink. This includes e-mail and office 
applications. In such cases, it Would be bene?cial for the 
base station to send feedback to the terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] A more complete understanding of the present 
invention may be had by reference to the folloWing detailed 
description When taken in conjunction With the accompa 
nying draWings Wherein: 

[0020] FIG. 1 (PRIOR ART) is a block diagram of a 
Wireless communication system that includes a transmitter 
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Which does not exploit information in a feedback signal 
When it organizes and sends information in a radio signal to 
a receiver; 

[0021] FIG. 2 is a block diagram of a Wireless commu 
nication system that includes a transmitter Which does 
exploit information in a feedback signal When it organizes 
and sends information in a radio signal to a receiver in 
accordance With the present invention; and 

[0022] FIG. 3 is a ?owchart that shoWs the steps of a 
preferred method for enabling a transmitter to exploit feed 
back about a state of a channel in choosing hoW to organize 
information that is to be sent to a receiver in accordance With 
the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0023] Referring to FIG. 2, there is a block diagram of a 
Wireless communication system 200 that includes a single 
antenna transmitter 202 (only one shoWn) and a single 
antenna receiver 204 (only one shoWn) Which are both 
con?gured in accordance With the present invention. As 
shoWn, the transmitter 202 Which can be implemented in a 
base station (not shoWn) has a coder 206, an interleaver 208 
and a modulator 210 that Work together to transmit a radio 
signal 212 Which passes through a channel and is received 
by the receiver 204 (e.g., mobile phone 204). The received 
radio signal 212 is made up of many components, including 
the desired signal, oWn cell interference, other cell interfer 
ence, adjacent carrier interference, and internal receiver 
noise. In baseband, the received radio signal 212 can be 
Written as: 

Where sn refers to the desired signal information symbols, 
C=[CO, . . . , CM_l] is a vector of M channel taps representing 

the state of the channel, * indicates a ?lter, or convolution, 
operation, in refers to one or more co-channel and adjacent 
channel interference signals that the receiver 104 treats 
explicitly (for instance by Whitening or joint detection), and 
WD refers to all other noise. The format of the desired signal 
sn may be TDMA, CDMA, OFDM, MC-CDMA, etc . . . 

[0024] The receiver 204 then in a similar manner as 
described in the Background Section analyzes the received 
radio signal 212 and sends a feedback signal 214 to the 
transmitter 202. The feedback signal 214 contains informa 
tion about channel conditions like SNRs. FolloWing is a 
detailed description about some different Ways the transmit 
ter 202 can use the knoWledge about channel conditions in 
the feedback signal 214 to complement a randomizing 
strategy or another strategy (e. g., differential modulation and 
coding schemes) and organize information that is subse 
quently transmitted in radio signal 216 to the receiver 204. 

[0025] Consider the case of OFDM or MC-CDMA. Sup 
pose there are L carriers, and that the receiver 204 in 
determining the feedback signal 214 computes a vector of L 
SNRs, denoted as folloWs: 

Because, the transmitter 202 has knoWledge of o, it can use 
this knoWledge to organize information in order to best 
match the capabilities of its coding, interleaving, and modu 
lation scheme. As stated earlier, the present invention 
focuses on hoW to organize a given payload, rather than 
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varying the rate or the poWer. Those schemes can be 
considered in addition to the schemes of the present inven 
tion. 

[0026] Suppose that the information associated With radio 
signal 216 is protected With a random error correcting code. 
Recall that in the prior art, the traditional transmitter 102 
used a random-like interleaving scheme to disperse each 
codeWord’s bits over the symbols on the various tones. 
Instead, in the present invention, the transmitter 202 can use 
the accurate and timely information o in the feedback signal 
214 and a random-like interleaving scheme to position the 
codeWord’s bits accordingly. For example, suppose the 
values (Ii are sorted from smallest to largest, With indices i 1 
to iL. As a result, a bit sent on a high index tone Will be 
received reliably, While a bit sent on a loW index tone Will 
be received unreliably. The transmitter 202 can noW inter 
leave a codeWord’s bit to explicitly exploit this knoWledge. 
For instance, the transmitter 202 can place the ?rst bit at 
Tone i1, the second bit at Tone iL, the third bit at Tone i2, the 
fourth bit at Tone iL_l, etc, alternating good and bad tones to 
create a balanced placement that bests suits a random error 
correction code. If the code length is greater than L, then the 
interleaving pattern can repeat after L bits. Since the trans 
mitter 202 and the receiver 204 both know 0, they can infer 
the same interleaving pattern, and function properly. It 
should be noted that the code’s properties determine its 
ability to exploit diversity. This means that there is a number 
L' beyond Which exposing the codeWord bits to more tones 
does not help the performance of the decoder Within the 
receiver 204. As such, if L' is smaller than L, then the 
transmitter 202 can choose L' to de?ne the interleaver 
scheme instead of L. 

[0027] In the aforementioned scheme, a balance betWeen 
pushing as many code bits as possible over the channel and 
avoiding Wasting energy can also be achieved by skipping 
the Worst carriers. That is, given the code, it is possible to 
determine off-line by analysis or experimentation the SNR 
threshold beloW Which it becomes detrimental to send code 
bits or symbols. In other Words, in a list of carriers sorted by 
decreasing SNR, the end of the list that falls beloW the 
threshold Would be eliminated from the resource pool. And, 
the remaining carriers Would be made available for trans 
mitting the radio signal 216. 

[0028] NoW suppose that the information associated With 
radio signal 216 is protected With a burst error correcting 
code. This includes binary codes such as Fire codes, and 
non-binary codes such as Reed-Solomon codes. In this case, 
the transmitter 202 intentionally places neighboring bits in a 
single tone, or in a cluster of bad tones. For instance, if 16 
QAM is used, the transmitter 202 could place the ?rst 4 bits 
at Tone i1, the next 4 bits at Tone i2, and so on. 

[0029] NoW suppose that the information associated With 
radio signal 216 is protected With differential modulation 
and coding schemes. In this case, it is possible for the 
transmitter 202 to choose the speci?c differential relations to 
suit the state of the channel indicated by the feedback signal 
214. In particular, it is possible for the transmitter 202 to 
help a feW very bad tones a lot, or many bad tones each a 
little bit. To illustrate this feature, tWo exemplary schemes 
are described beloW Where the input bits before the differ 
ential encoding are denoted as x, and the output bits after the 
differential encoding are denoted as y. Bits x may be the 
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output of an error control encoder 206 in the transmitter 202. 
And, bits y feed the modulator 210. The actual modulation 
may be binary or QAM, PSK etc . . . 

Exemplary Scheme 1 

[0030] Consider a situation Where every other tone is bad. 
In particular, tone 1 is bad and tone 2 is good. The bits X1 that 
map in Tone 1 are left unchanged, and the bits x2 that map 
onto Tone 2 are encoded as folloWs: 

y1=X1 

y2=x2+yr 

Where the input bits X1 and x2 can be the outputs of a 
common error control encoder, or separate encoders in the 
transmitter 202. 

[0031] At the receiver 204, the soft values are obtained for 
yl and y2 from a demodulator (not shoWn). The soft values 
are then fed into a Maximum a Posteriori (MAP) decoder 
(not shoWn) Which corresponds to the above differential 
equations. A detailed description about a MAP decoder is 
provided in the aforementioned article by A. Khayrallah 
entitled “Di?ferential Coding over Bits for Higher Level 
Modulation”. 

[0032] The MAP decoder’s output is then fed to a common 
error control decoder, or separate decoders in the receiver 
204. The soft decisions from the decoder(s) are fed back to 
a differential decoder as side information in a second or 

subsequent pass. As a result, the performance of the infor 
mation on tone 1 is improved. It should be appreciated that 
many components and details associated With the transmitter 
202 and the receiver 204 described above are Well knoWn in 
the industry. Therefore, for clarity, the description provided 
herein omits those Well knoWn components and details that 
are not necessary to understand the present invention. 

Exemplary Scheme 2 

[0033] Consider a situation Where every other third tone is 
bad. In particular, tone 1 is bad and tones 2 and 3 are good. 
In this example, the bits X1 that map in Tone 1 are left 
unchanged, and the bits x2 and x3 that are respectively 
mapped onto tones 2 and 3 are encoded as folloWs: 

Where bits x1, x2 and x3 are the outputs of a common error 
control encoder, or separate encoders in the transmitter 202. 

[0034] At the receiver 204, the soft values are obtained for 
yl, y2 and y3 from a demodulator (not shoWn). These soft 
values are then fed into a MAP decoder (not shoWn) Which 
corresponds to the above dilferential equations. The MAP 
decoder’s output is then fed to a common error control 
decoder, or separate decoders in the receiver 204. The soft 
decisions from the decoder(s) are fed back to a dilferential 
decoder as side information in a second or subsequent pass. 
As a result, the performance of the information on tone 1 is 
improved more than in the previous scheme, due to the 
simultaneous relation With 2 bits. This scheme can be 
extended to larger sets of equations. 

[0035] NoW consider the case of TDMA. Suppose that a 
codeWord is interleaved over L slots, and that the receiver 
204 computes their corresponding SNR vector 0. Without 
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frequency hopping, the SNRs re?ect primarily the varying 
interference level. With frequency hopping, the SNRs also 
re?ect frequency selectivity. The strategies described above 
With respect to OFDM and MC-CDMA can also be used to 
suit this type of code. 

[0036] From the foregoing, it should also be readily appre 
ciated by those skilled in the art that the present invention 
includes a method 300 that can exploit feedback about a 
state of a channel in choosing hoW to organiZe information 
in a transmitter 202 With coding, interleaving and/or modu 
lation schemes. The basic steps of the method 300 are shoWn 
in FIG. 3. Beginning at step 302, the transmitter 202 
receives the feedback signal 214 from the receiver 204. As 
described above, the feedback signal 214 contains data 
about a state of a channel betWeen the transmitter 202 and 
the receiver 204. And at step 304, the transmitter 202 
exploits the data in the feedback signal 214 to adapt at least 
one of the coding, interleaving and/or modulating schemes 
to organiZe information that is subsequently transmitted 
Within the radio signal 216 to the receiver 204. Several 
different examples on hoW this can be accomplished have 
been described above. 

[0037] While particular embodiments of the invention 
have been described, it should be understood, hoWever, that 
the invention is not limited thereto, since modi?cations may 
be made by those skilled in the art, particularly in light of the 
foregoing teachings. It is, therefore, contemplated by the 
appended claims to cover any such modi?cations that incor 
porate those features or those improvements Which embody 
the spirit and scope of the present invention. Several of these 
modi?cations or extensions to the present invention are 
described next. 

[0038] Previously, it Was assumed that the feedback signal 
214 contained a vector of SNRs. This information is typi 
cally quantiZed. The quantiZation may be memoryless, or if 
the SNRs change sloWly relative to the rate of feedback, the 
quantiZation may have memory, such as in Di?ferential Pulse 
Code Modulation (DPCM) and sigma-delta quantiZation. 
Typically, the receiver 204 makes its interleaving decisions 
based on the quantiZed information, to match With the 
transmitter 202. Coarser quantiZation enables a leaner feed 
back, at the expense of more approximate matching. 

[0039] HoWever, in case the SNR information itself is not 
needed for other purposes at the transmitter 202, it is 
possible to convey the interleaving information directly in 
the feedback signal 214. For instance, if the number L of 
tones or slots is small, it is possible for the transmitter 202 
and receiver 204 to keep a list of pre-de?ned interleavers 
that attempt to suit different SNR scenarios approximately. 
Then, the feedback signal 214 Would include the index of the 
chosen interleaver. In addition, other feedback reducing 
mechanisms can be implemented by the present invention. 
For instance, in scenarios With sloW varying SNR, the 
receiver 204 can invoke and transmit a feedback signal 214 
only When the interleaver needs to be changed. 

[0040] It should also be noted that information other than 
SNRs may be fed back to the transmitter 202 for other 
reasons, and may be exploited for our purposes. For 
instance, actual channel tap estimates may be fed back to the 
transmitter 204, Which can be used to condition the trans 
mitted signal 216 accordingly. The taps may be represented 
in the time or frequency domain, and either can be easily 
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manipulated to suit the needs of the present invention. Also, 
estimates of the noise level on each tone or each slot may be 
fed back to the transmitter 204. 

[0041] In another extension of the present invention, a 
multiple antenna receiver 204 can be used. This includes the 
case Where a transmitter 202 transmits a single signal or 
stream from a single antenna, or from multiple antennas 
acting as a beam-former, or from multiple antennas acting as 
a transmit diversity system, eg Alamouti code or delay 
diversity. At the multiple antenna receiver 204, the SNR can 
be computed per tone or per slot after combining the 
multiple antenna signals. Then, the rest folloWs as described 
above. 

[0042] In yet another extension of the present invention, a 
multiple antenna transmitter 202 can be used, that could 
transmit multiple streams of information. And, the receiver 
204 Would compute an SNR vector per stream Where each 
SNR vector may be different because each stream may be 
transmitted differently. In this case, multiple SNR vectors 
are fed back to the multiple antenna transmitter 204 Which 
then organiZes each stream’s codeWords in accordance With 
the schemes of the present invention. 

[0043] Although multiple embodiments of the present 
invention have been illustrated in the accompanying DraW 
ings and described in the foregoing Detailed Description, it 
should be understood that the invention is not limited to the 
embodiments disclosed, but is capable of numerous rear 
rangements, modi?cations and substitutions Without depart 
ing from the spirit of the invention as set forth and de?ned 
by the folloWing claims. 

What is claimed is: 
1. A transmitter that receives a feedback signal and uses 

data in the feedback signal to adapt at least one of a coder, 
interleaver and modulator located therein to organiZe infor 
mation Which is subsequently transmitted to a receiver. 

2. The transmitter of claim 1, Wherein said interleaver 
adapts and uses a random error correction code to organiZe 
the information Which is subsequently transmitted to the 
receiver. 

3. The transmitter of claim 1, Wherein said interleaver 
adapts and uses a burst error correction code to organiZe the 
information Which is subsequently transmitted to the 
receiver. 

4. The transmitter of claim 1, Wherein said modulator and 
said coder adapt and use differential modulating and coding 
to organiZe the information Which is subsequently transmit 
ted to the receiver. 

5. The transmitter of claim 1, Wherein said interleaver 
adapts and uses an interleaving pattern to organiZe the 
information based on a number of signal-to-noise ratios 
(SNRs) in the feedback signal and When the number of 
SNRs is less than a code length associated With the infor 
mation then the interleaving pattern used to organiZe the 
information is repeated. 

6. The transmitter of claim 1, Wherein said interleaver 
does not use carriers or slots Which are associated With 

signal-to-noise ratios (SNRS) in the feedback signal that are 
beloW a predetermined threshold Where it becomes detri 
mental to send the information to the receiver. 

7. The transmitter of claim 1, Wherein said feedback 
signal includes a signal-to-noise ratio (SNR) for each tone, 
hop or slot. 
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8. The transmitter of claim 1, Wherein Time Division 
Multiple Access (TDMA) With frequency hopping is used 
When sending the organiZed information to the receiver. 

9. The transmitter of claim 1, Wherein Time Division 
Multiple Access (TDMA) Without frequency hopping is 
used to send the organiZed information to the receiver. 

10. The transmitter of claim 1, Wherein Code Division 
Multiple Access (CDMA) is used to send the organiZed 
information to the receiver. 

11. The transmitter of claim 1, Wherein Orthogonal Fre 
quency Division Multiplexing (OFDM) is used to send the 
organiZed information to the receiver. 

12. The transmitter of claim 1, Wherein Multi-Carrier 
Code Division Multiple Access (MC-CDMA) is used to 
send the organiZed information to the receiver. 

13. A method for exploiting knoWledge about channel 
conditions in a Wireless communications netWork, said 
method comprising the steps of: 

receiving, at a transmitter, a feedback signal from a 
receiver Wherein the feedback signal contains data 
about a state of a channel betWeen said transmitter and 

said receiver; 

exploiting, at said transmitter, the data about the state of 
the channel in the feedback signal to adapt at least one 
of a coding, interleaving and modulating scheme to 
organiZe information that is subsequently transmitted 
to said receiver. 

14. The method of claim 13, Wherein said transmitter uses 
the data about the state of the channel in the feedback signal 
to adapt the interleaving scheme Which is suited for a 
random error correction code to position codeWord bits 
associated With the information that is subsequently trans 
mitted to said receiver. 

15. The method of claim 13, Wherein said transmitter uses 
the data about the state of the channel in the feedback signal 
to adapt the interleaving scheme Which is suited for a burst 
error correction code to position codeWord bits associated 
With the information that is subsequently transmitted to said 
receiver. 

16. The method of claim 13, Wherein said transmitter uses 
the data about the state of the channel in the feedback signal 
to adapt the modulating and coding schemes to use differ 
ential modulating and coding to organiZe the information 
that is subsequently transmitted to the receiver. 

17. A communication system, comprising: 

a transmitter capable of transmitting a radio signal; 

a receiver capable of receiving the radio signal and further 
capable of processing the radio signal and transmitting 
a feedback signal containing data about a channel 
associated With the radio signal; and 

said transmitter capable of receiving the feedback signal 
and further capable of using the data in the feedback 
signal to adapt at least one of a coding, interleaving and 
modulation scheme therein to organiZe information that 
is subsequently transmitted to said receiver. 

18. The communication system of claim 17, Wherein said 
transmitter uses the data in the feedback signal to adapt the 
interleaving scheme Which is suited for a random error 
correction code to position codeWord bits associated With 
the information that is subsequently transmitted to said 
receiver. 
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19. The communication system of claim 17, wherein said 
transmitter uses the data in the feedback signal to adapt the 
interleaving scheme Which is suited for a burst error cor 
rection code to position codeWord bits associated With the 
information that is subsequently transmitted to said receiver. 

20. The communication system of claim 17, Wherein said 
transmitter uses the data in the feedback signal to adapt the 
modulating and coding schemes to use differential modu 
lating and coding to organiZe the information that is subse 
quently transmitted to the receiver. 

21. The communication system of claim 17, Wherein said 
feedback signal includes data about a signal-to-noise ratio 
(SNR) for each tone, hop or slot. 

22. The communication system of claim 17, Wherein said 
feedback signal includes interleaving data. 

23. The communication system of claim 17, Wherein said 
feedback signal includes data about actual channel taps. 

24. The communication system of claim 17, Wherein said 
feedback signal includes data about estimates of a noise 
level on each tone or slot. 

25. The communication system of claim 17, Wherein said 
receiver transmits the feedback signal only When the inter 
leaving scheme needs to be changed at said transmitter. 

26. The communication system of claim 17, Wherein said 
receiver is a multiple antenna receiver. 
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27. The communication system of claim 17, Wherein said 
transmitter is a multiple antenna transmitter. 

28. A base station, comprising: 

a transmitter that receives a feedback signal and uses data 
in the feedback signal to adapt at least one of a coder, 
interleaver and modulator located therein to organiZe 
information Which is subsequently transmitted to a 
receiver. 

29. The base station of claim 28, Wherein said interleaver 
uses the data to adapt a random error correction code to 
organiZe the information Which is subsequently transmitted 
to the receiver. 

30. The base station of claim 28, Wherein said interleaver 
uses the data to adapt a burst error correction code to 
organiZe the information Which is subsequently transmitted 
to the receiver. 

31. The base station of claim 28, Wherein said modulator 
and said coder use the data to adapt a differential modulating 
and coding scheme to organiZe the information Which is 
subsequently transmitted to the receiver. 

32. The base station of claim 28, Wherein said feedback 
signal includes a signal-to-noise ratio (SNR) for each tone, 
hop or slot. 


