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METHOD AND SYSTEM FOR ADAPTIVE 
MODULATIONS AND SIGNAL FIELD FOR 

CLOSED LOOP MULTIPLE INPUT MULTIPLE 
OUTPUT (MIMO) WIRELESS LOCAL AREA 

NETWORK (WLAN) SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

[0001] This application makes reference, claims priority to, 
and claims the bene?t of US. Provisional Application Ser. 
No. 60/656,357 ?led Feb. 25, 2005. 

[0002] This application makes reference to: 

US. patent application Ser. No. 11/061,567 ?led Feb. 18, 
2005; 

US. patent application Ser. No. 11/052,389 ?led Feb. 7, 
2005; and 

US. patent application Ser. No. 11/052,353 ?led Feb. 7, 
2005. 

US. patent application Ser. No. 
No. 16425US02) ?led Apr. 20, 2005. 

[0003] All of the above stated applications are hereby 
incorporated herein by reference in their entirety. 

(Attorney Docket 

FIELD OF THE INVENTION 

[0004] Certain embodiments of the invention relate to wire 
less communication. More speci?cally, certain embodiments 
of the invention relate to a method and system for an adaptive 
modulations and signal ?eld for a closed loop multiple input 
multiple output (MIMO) wireless local area network 
(WLAN) system. 

BACKGROUND OF THE INVENTION 

[0005] The Institute for Electrical and Electronics Engi 
neers (IEEE), in resolution IEEE 802.11, also referred as 
“802.11”, has de?ned a plurality of speci?cations which are 
related to wireless networking. With current existing 802.11 
standards, such as 802.11(a),(b),(g), which can support up to 
54 Mbps data rates, either in 2.4 GHZ or in 5 GHZ frequency 
bands, the IEEE standards body created a new task group, 
802.11n, to support higher than 100 Mbps data rates. Among 
them are being discussed speci?cations for “closed loop” 
feedback mechanisms by which a receiving station may feed 
back information to a transmitting station to assist the trans 
mitting station in adapting signals, which are sent to the 
receiving station. 

[0006] In closed loop feedback systems, a transmitting sta 
tion may utiliZe feedback information from a receiving sta 
tion to transmit subsequent signals in what is called “beam 
forming”. Beamforming is a technique to steer signals to a 
certain direction for the receiver to receive it more reliably 
with less noise and interference. Compounded with demands 
for new features and capabilities, various proposals for new 
802.1 1n based feedback mechanisms are emerging to address 
the demand for these new features and capabilities. For 
example, there exists a demand for the introduction of new 
capabilities, which may enable a receiving mobile terminal to 
feedback pertinent information to a transmitting mobile ter 
minal. This feedback of pertinent information may enable the 
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transmitting mobile terminal to adapt its mode of transmis 
sion based upon the feedback information provided by the 
receiving mobile terminal. As with any communication sys 
tem, a major goal is to enable the transmitting mobile station 
to achieve a higher information transfer rate to the receiving 
mobile terminal, while simultaneously achieving a lower 
packet error rate (PER). Notwithstanding, there are no exist 
ing methodologies that adequately address these shortcom 
ings and/or satisfy the demand for these new features and 
capabilities in WLANs. 

[0007] Further limitations and disadvantages of conven 
tional and traditional approaches will become apparent to one 
of skill in the art, through comparison of such systems with 
some aspects of the present invention as set forth in the 
remainder of the present application with reference to the 
drawings. 

BRIEF SUMMARY OF THE INVENTION 

[0008] A system and/or method for an adaptive modula 
tions and signal ?eld for a closed loop multiple input multiple 
output (MIMO) wireless local area network (WLAN) system, 
substantially as shown in and/or described in connection with 
at least one of the ?gures, as set forth more completely in the 
claims. 

[0009] These and other advantages, aspects and novel fea 
tures of the present invention, as well as details of an illus 
trated embodiment thereof, will be more fully understood 
from the following description and drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0010] FIG. 1 is an exemplary block diagram of a trans 
ceiver comprising a transmitter and a receiver in a MIMO 
system, which may be utiliZed in accordance with an embodi 
ment of the invention. 

[0011] FIG. 2a is an exemplary block diagram of commu 
nications circuitry that may be utiliZed in accordance with an 
embodiment of the invention. 

[0012] FIG. 2b is an exemplary block diagram ofa trans 
ceiver comprising transmitter and a receiver with adaptive 
modulation/ demodulation for a MIMO system, which may be 
utiliZed in accordance with an embodiment of the invention. 

[0013] FIG. 3 is an exemplary block diagram of a trans 
ceiver comprising a transmitter and a receiver with adaptive 
modulation/ demodulation and coding/ decoding for a MIMO 
system, which may be utiliZed in accordance with an embodi 
ment of the invention. 

[0014] FIG. 4 shows an exemplary graph of throughput 
versus SNR simulations for a 2x2 system utiliZing a 40 MHZ 
D-type channel with perfect channel estimation based on 
MMSE-LE for packet siZe of 1000 bytes, in accordance with 
an embodiment of the invention. 

[0015] FIG. 5 shows an exemplary training sequence, 
which may be utiliZed in connection with an embodiment of 
the invention. 

[0016] FIG. 6 shows exemplary changes to the SIG-N ?eld, 
in accordance with an embodiment of the invention. 

[0017] FIG. 7 is a ?owchart illustrating exemplary steps for 
closed loop modulation type requested by a receiver, in accor 
dance with an embodiment of the invention. 
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[0018] FIG. 8 is a ?owchart illustrating exemplary steps for 
closed loop modulation type determined by a transmitter 
based on channel feedback from a receiver, in accordance 
With an embodiment of the invention. 

[0019] FIG. 9 is a ?oWchart illustrating exemplary steps for 
open loop modulation type determined by a transmitter, in 
accordance With an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Certain embodiments of the invention relate to a 
method and system for an optional closed loop mechanism 
With adaptive modulations for a multiple input multiple out 
put (MIMO) Wireless local area network (WLAN) system. In 
accordance With an embodiment of the invention, a channel 
sounding mechanism may be utiliZed to communicate infor 
mation betWeen a transmitter and a receiver. Various embodi 
ments of the invention may utiliZe properties of Eigenvalue 
analysis of MIMO systems to reduce the number of bits of 
binary information required to encode a modulation type 
among a plurality of modulation types to a spatial stream 
among a plurality of spatial streams. The reduction in the 
number of required bits in various embodiments of the inven 
tion compared to other conventional approaches may enable 
greater ?exibility in systems that utiliZe closed loop feedback 
mechanisms. Various embodiments of the invention may uti 
liZe a neW channel sounding mechanism in a closed loop 
system that enables adaptive modulation and beamforming. 
Modulation types and coding rates may be chosen adaptively 
per-stream based on ranges in the values of SNRs. The trans 
mitter may choose modulation types and coding rates based 
on channel feedback information. 

[0021] In accordance With an embodiment of the invention, 
With regard to channel information, MIMO systems may 
utiliZe the channel more e?iciently based on observable cri 
teria. In an example of observable criteria, RF channels that 
are characterized by higher signal to noise ratios (SNR) may 
support higher data transfer rates than RF channels With loWer 
SNR. Eigenbeamforming, or “beamforming”, may be uti 
liZed With systems that support the exchange of feedback 
information from a receiver to a transmitter (or “closed loop” 
systems) to “steer beams” Which may enable signal energy to 
be focused in a desired direction. Any of a plurality of RF 
channels Which may be utiliZed by a transmitter to commu 
nicate With a receiver may be referred to as “doWnlink chan 
nels”, While any of a plurality of RF channels Which may be 
utiliZed by a receiver to communicate With a transmitter may 
be referred to as “uplink channels”. 

[0022] Adaptive modulation and coding rate techniques 
may be utiliZed With beamforming techniques such that a 
plurality of signals, or “streams”, may be transmitted simul 
taneously that comprise different amounts of data. This tech 
nique may also be knoWn as streamloading. The modulation 
and/ or coding rate may be chosen per stream ef?ciently, With 
either or both capable of being modi?ed, based on channel 
information. 

[0023] In one aspect of the invention, modulation and/or 
coding schemes may be selected on a per-stream basis to 
maximiZe the aggregate information transfer rate While mini 
miZing packet error rates (PER) for information transmitted 
simultaneously via a plurality of RF channels. This may entail 
evaluating the SNR performance of individual RF channels, 
and adapting the modulation and/or coding scheme for each 
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RF channel based on SNR, and data rate maximization crite 
ria. Exemplary measures of signal quality may comprise, for 
example, SNR and PER. 

[0024] FIG. 1 is an exemplary block diagram of transceiver 
comprising a transmitter and a receiver in a MIMO system, 
Which may be utiliZed in accordance With an embodiment of 
the invention. FIG. 1 shoWs transceiver comprising a trans 
mitter 100, a receiver 101, a processor 140, a baseband pro 
cessor 142, a plurality of transmitter antennas 115a . . . 11511, 

and a plurality of receiver antennas 117a . . . 11711. The 

transmitter 100 may comprise a coding block 102, a puncture 
block 104, an interleaver block 106, a plurality of mapper 
blocks 108a . . . 10811, a plurality of inverse fast Fourier 

transform (IFFT) blocks 110a . . . 11011, a beamforming V 

matrix block 112, and a plurality of digital to analog (D to A) 
conversion and antenna front end blocks 114a . . . 11411. The 

receiver 101 may comprise a plurality of antenna front end 
and analog to digital (A to D) conversion blocks 116a . . . 
11611, a beamforming U* matrix block 118, a plurality of fast 
Fourier transform (FFT) blocks 120a . . . 12011, a channel 

estimates block 122, an equaliZer block 124, a plurality of 
demapper blocks 126a . . . 12611, a deinterleaver block 128, a 

depuncture block 130, and a Viterbi decoder block 132. 

[0025] The variables V and U* in beamforming blocks 112 
and 118 respectively refer to matrices utiliZed in the beam 
forming technique. U.S. application Ser. No. ll/052,389 ?led 
Feb. 7, 2005, provides a detailed description of Eigenbeam 
forming, Which is hereby incorporated herein by reference in 
its entirety. 

[0026] The processor 140 may perform digital receiver and/ 
or transmitter functions in accordance With applicable com 
munications standards. These functions may comprise, but 
are not limited to, tasks performed at loWer layers in a relevant 
protocol reference model. These tasks may further comprise 
the physical layer convergence procedure (PLCP), physical 
medium dependent (PMD) functions, and associated layer 
management functions. The baseband processor 142 may 
similarly perform functions in accordance With applicable 
communications standards. These functions may comprise, 
but are not limited to, tasks related to analysis of data received 
via the receiver 101, and tasks related to generating data to be 
transmitted via the transmitter 100. These tasks may further 
comprise medium access control (MAC) layer functions as 
speci?ed by pertinent standards. 

[0027] In the transmitter 100, the coding block 102 may 
transform received binary input data blocks by applying a 
forWard error correction (FEC) technique, for example, 
binary convolutional coding (BCC). The application of FEC 
techniques, also knoWn as “channel coding”, may improve 
the ability to successfully recover transmitted data at a 
receiver by appending redundant information to the input data 
prior to transmission via an RF channel. The ratio of the 
number of bits in the binary input data block to the number of 
bits in the transformed data block may be knoWn as the 
“coding rate”. The coding rate may be speci?ed using the 
notation ib/tb, Where tb represents the total number of bits that 
comprise a coding group of bits, While ib represents the num 
ber of information bits that are contained in the group of bits 
tb. Any number of bits tb —ib may represent redundant bits that 
may enable the receiver 101 to detect and correct errors intro 
duced during transmission. Increasing the number of redun 
dant bits may enable greater capabilities at the receiver to 
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detect and correct errors in information bits. The penalty for 
this additional error detection and correction capability may 
result in a reduction in the information transfer rates betWeen 
the transmitter 100 and the receiver 101. The invention is not 
limited to BCC, and any one of a plurality of coding tech 
niques, for example, Turbo coding or loW density parity check 
(LDPC) coding, may also be utiliZed. 

[0028] The puncture block 104 may receive transformed 
binary input data blocks from the coding block 102 and alter 
the coding rate by removing redundant bits from the received 
transformed binary input data blocks. For example, if the 
coding block 102 implemented a 1/2 coding rate, 4 bits of data 
received from the coding block 102 may comprise 2 informa 
tion bits, and 2 redundant bits. By eliminating l of the redun 
dant bits in the group of 4 bits, the puncture block 104 may 
adapt the coding rate from 1/2 to 2/3. The interleaver block 106 
may rearrange bits received in a coding rate-adapted data 
block from the puncture block 104 prior to transmission via 
an RF channel to reduce the probability of uncorrectable 
corruption of data due to burst of errors, impacting contigu 
ous bits, during transmission via an RF channel. The output 
from the interleaver block 106 may also be divided into a 
plurality of streams Where each stream may comprise a non 
overlapping portion of the bits from the received coding rate 
adapted data block. Therefore, for a given number of bits in 
the coding rate-adapted data block, bdb, a given number of 
streams from the interleaver block 106, nst, and a given num 
ber of bits assigned to an individual stream i by the interleaver 
block 106, bst(i): 

nstil equation [1] 

[0029] For a given number of coded bits before interleav 
ing, bdb, each bit may be denoted by an index, k=0, 1 . . . 
bdb—l. The interleaver block 106 may assign bits to the ?rst 
spatial stream, spatial stream 0, bSt(0), for bit indexes k=0, nst, 
2*nst, . . . , bdb—nst. The interleaver block 106 may assign bits 

to spatial stream 1, bst(l), for bit indexes k=l, nst+l, 2*nst+l, 
. , bdb—nst+l. The interleaver block 106 may assign bits to 

spatial stream 2, bst(2), for bit indexes k=2, nst+2, 2*nst+2, . . 
. , bdb—nst+2. The interleaver block 106 may assign bits to 
spatial stream nst, bst(nst), for bit indexes k=nst—l, 2*nst—l, 
3*nst—l, . . . ,bdb—l. 

[0030] The plurality ofmapper blocks 108a . . . 10811 may 
comprise a number of individual mapper blocks that is equal 
to the number of individual streams generated by the inter 
leaver block 106. Each individual mapper block 108a . . . 

10811 may receive a plurality of bits from a corresponding 
individual stream, mapping those bits into a “symbol” by 
applying a modulation technique based on a “constellation” 
utiliZed to transform the plurality of bits into a signal level 
representing the symbol. The representation of the symbol 
may be a complex quantity comprising in-phase (l) and 
quadrature (Q) components. The mapper block 108a . . . 10811 

for stream i may utiliZe a modulation technique to map a 
plurality of bits, bst(i), into a symbol. 

[0031] The beamformingVmatrix block 112 may apply the 
beamforming technique to the plurality of symbols, or “spa 
tial modes”, generated from the plurality of mapper blocks 
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108a . . . 10811. The beamforming V matrix block 112 may 

generate a plurality of signals Where the number of signals 
generated may be equal to the number of transmitting antenna 
at the transmitter 100. Each signal in the plurality of signals 
generated by the beamforming V block 112 may comprise a 
Weighted sum of at least one of the received symbols from the 
mapper blocks 108a . . . 10811. 

[0032] The plurality of IFFT blocks 110a . . . 11011 may 

receive a plurality of signals from the beamforming block 
112. Each IFFT block 110a . . . 11011 may subdivide the 

bandWidth of the RF channel into a plurality of n sub-band 
frequencies to implement orthogonal frequency division mul 
tiplexing (OFDM), buffering a plurality of received signals 
equal to the number of sub-bands. Each buffered signal may 
be modulated by a carrier signal Whose frequency is based on 
that of one of the sub-bands. Each of the IFFT blocks 110a . 
. . 1 1 011 may then independently sum their respective buffered 
and modulated signals across the frequency sub-bands to 
perform an n-point IFFT thereby generating a composite 
OFDM signal. 

[0033] The plurality of digital (D) to analog (A) conversion 
and antenna front end blocks 114a . . . 11411 may receive the 

plurality of signals generated by the plurality of IFFT blocks 
110a . . . 11011. The digital signal representation received from 

each of the plurality of IFFT blocks 110a . . . 11011 may be 

converted to an analog RF signal that may be ampli?ed and 
transmitted via an antenna. The plurality of D to A conversion 
and antenna front end blocks 114a . . . 11411 may be equal to 

the number of transmitting antenna 115a . . . 11511. Each D to 

A conversion and antenna front end block 114a . . . 11411 may 

receive one of the plurality of signals from the beamforming 
V matrix block 112 and may utiliZe an antenna 115a . . . 11511 

to transmit one RF signal via an RF channel. 

[0034] In the receiver 101, the plurality of antenna front end 
and A to D conversion blocks 116a . . . 11611 may receive 

analog RF signals via an antenna, converting the RF signal to 
baseband and generating a digital equivalent of the received 
analog baseband signal. The digital representation may be a 
complex quantity comprising I and Q components. The num 
ber of antenna front end andA to D conversion blocks 116a . 
. . 11611 may be equal to the number of receiving antenna 117a 
. . . 11711. 

[0035] The plurality of PET blocks 120a . . . 12011 may 

receive a plurality of signals from the plurality of antenna 
front end andA to D conversion blocks 116a . . . 11611. The 

plurality of PET blocks 120a . . . 12011 may be equal to the 
number of antenna front end and A to D conversion blocks 
116a . . . 11611. Each FFT block 120a . . . 12011 may receive a 

signal from an antenna front end andA to D conversion block 
116a . . . 11611, independently applying an n-point FFT tech 

nique, and demodulating the signal by a utiliZing a plurality of 
carrier signals based on the n sub-band frequencies utiliZed in 
the transmitter 100. The demodulated signals may be math 
ematically integrated over one sub band frequency period by 
each ofthe plurality ofFFT blocks 120a . . . 12011 to extract n 

symbols contained in each of the plurality of OFDM signals 
received by the receiver 101. 

[0036] The beamforming U* block 118 may apply the 
beamforming technique to the plurality of signals received 
from the plurality of PET blocks 120a . . . 12011. The beam 

forming U* block 118 may generate a plurality of signals 
Where the number of signals generated may be equal to the 
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number of spatial streams utilized in generating the signals at 
the transmitter 100. Each of the plurality of signals generated 
by the beamforming U* block 118 may comprise a Weighted 
sum of at least one of the signals received from the FFT blocks 
120a . . . 12011. 

[0037] The channel estimates block 122 may utilize pre 
amble information, contained in a received RF signal, to 
compute channel estimates. The equalizer block 124 may 
receive signals generated by the beamforming U* block 118. 
The equalizer block 124 may process the received signals 
based on input from the channel estimates block 122 to 
recover the symbol originally generated by the transmitter 
100. The equalizer block 124 may comprise suitable logic, 
circuitry, and/ or code that may be adapted to transform sym 
bols received from the beamforming U* block 118 to com 
pensate for fading in the RF channel. 

[0038] The plurality of demapperblocks 126a . . . 12611 may 
receive symbols from the equalizer block 124, reverse map 
ping each symbol to one or more binary bits by applying a 
demodulation technique, based on the modulation technique 
utilized in generating the symbol at the transmitter 100. The 
plurality of demapper blocks 126a . . . 12611 may be equal to 
the number of streams in the transmitter 100. 

[0039] The deinterleaver block 128 may receive a plurality 
of bits from each of the demapper blocks 126a . . . 12611, 
rearranging the order of bits among the received plurality of 
bits. The deinterleaver block 128 may rearrange the order of 
bits from the plurality of demapper blocks 126a . . . 12611 in, 

for example, the reverse order of that utilized by the inter 
leaver 106 in the transmitter 100. The depuncture block 130 
may insert “null” bits into the output data block received from 
the deinterleaver block 128 that Were removed by the punc 
ture block 104. The Viterbi decoder block 132 may decode a 
depunctured output data block, applying a decoding tech 
nique that may recover the binary data blocks that Were input 
to the coding block 102. 

[0040] In operation, the processor 140 may receive 
decoded data from the Viterbi decoder 132. The processor 
140 may communicate received data to the baseband proces 
sor 142 for analysis and further processing. The processor 
140 may also communicate data received via the RF channel, 
by the receiver 101, to the channel estimates block 122. This 
information may be utilized by the channel estimates block 
122, in the receiver 101, to compute channel estimates for a 
received RF channel. The baseband processor 142 may gen 
erate data to be transmitted via an RF channel by the trans 
mitter 100. The baseband processor 142 may communicate 
the data to the processor 140. The processor 140 may generate 
a plurality of bits that are communicated to the coding block 
102. 

[0041] The elements shoWn in FIG. 1 may comprise com 
ponents that may be present in an exemplary embodiment of 
a Wireless communications terminal. One exemplary embodi 
ment of a may be a Wireless communications transmitter 
comprising a transmitter 100, a processor 140, and a base 
band processor 142. Another exemplary embodiment of a 
may be a Wireless communications receiver comprising a 
receiver 101, a processor 140, and a baseband processor 142. 
Another exemplary embodiment of a may be a Wireless com 
munications transceiver comprising a transmitter 100, a 
receiver 101, a processor 140, and a baseband processor 142. 

[0042] FIG. 2a is an exemplary block diagram of commu 
nications circuitry that may be utilized in accordance With an 
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embodiment of the invention. With reference to FIG. 2a is 
shoWn a baseband processor 272, a transceiver 274, an RF 
front end 280, a plurality of receive antennas 276a, . . . , 27611, 

and a plurality of transmitting antennas 278a, . . . , 27811. The 

transceiver 274 may comprise a processor 282, a receiver 284, 
and a transmitter 286. 

[0043] The processor 282 may be adapted to perform digi 
tal receiver and/or transmitter functions in accordance With 
applicable communications standards. These functions may 
comprise, but are not limited to, tasks performed at loWer 
layers in a relevant protocol reference model. These tasks 
may further comprise the physical layer convergence proce 
dure (PLCP), physical medium dependent (PMD) functions, 
and associated layer management functions. The baseband 
processor 272 may be adapted to perform functions in accor 
dance With applicable communications standards. These 
functions may comprise, but are not limited to, tasks related to 
analysis of data received via the receiver 284, and tasks 
related to generating data to be transmitted via the transmitter 
286. These tasks may further comprise medium access con 
trol (MAC) layer functions as speci?ed by pertinent stan 
dards. 

[0044] The receiver 284 may be adapted to perform digital 
receiver functions that may comprise, but are not limited to, 
fast Fourier transform processing, beamforming processing, 
equalization, demapping, demodulation control, deinterleav 
ing, depuncture, and decoding. The transmitter 286 may per 
form digital transmitter functions that comprise, but are not 
limited to, coding, puncture, interleaving, mapping, modula 
tion control, inverse fast Fourier transform processing, beam 
forming processing. The RF front end 280 may receive analog 
RF signals via antennas 276a, . . . , 27611, converting the RF 

signal to baseband and generating a digital equivalent of the 
received analog baseband signal. The digital representation 
may be a complex quantity comprising I and Q components. 
The RF front end 280 may also transmit analog RF signals via 
an antenna 278a, . . . , 27811, converting a digital baseband 

signal to an analog RF signal. 

[0045] In operation, the processor 282 may receive data 
from the receiver 284. The processor 282 may communicate 
received data to the baseband processor 272 for analysis and 
further processing. The baseband processor 272 may generate 
data to be transmitted via an RF channel by the transmitter 
286. The baseband processor 272 may communicate the data 
to the processor 282. The processor 282 may generate a 
plurality of bits that are communicated to the receiver 284. 
The processor 282 may generate signals to control the opera 
tion of the modulation process in the transmitter 286, and of 
the demodulation process in the receiver 284. 

[0046] FIG. 2b is an exemplary block diagram ofa trans 
ceiver comprising transmitter and a receiver With adaptive 
modulation/ demodulation for a MIMO system, Which may be 
utilized in accordance With an embodiment of the invention. 
With reference to FIG. 2b is shoWn a transmitter 200, a 
receiver 201, a processor 240, a baseband processor 142, a 
plurality of transmitter antennas 115a . . . 1 1511, and a plurality 

of receiver antennas 117a . . . 11711. The transmitter 200 may 

comprise a transmit modulation control block 236, a coding 
block 102, a puncture block 104, an interleaver block 106, a 
plurality of mapper blocks 108a . . . 10811, a plurality of 

inverse fast Fourier transform (IFFT) blocks 110a . . . 11011, a 

beamforming V matrix block 112, and a plurality of digital to 
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analog (D to A) conversion and antenna front end blocks 114a 
. . . 11411. The receiver 201 may comprise a receive demodu 

lation control block 234, a plurality of antenna front end and 
analog to digital (A to D) conversion blocks 116a . . . 11611, a 
beamforming U* matrix block 118, a plurality of fast Fourier 
transform (EFT) blocks 120a . . . 12011, a channel estimates 

block 122, an equalizer block 124, a plurality of demapper 
blocks 126a . . . 12611, a deinterleaver block 128, a depuncture 

block 130, and a Viterbi decoder block 132. The transmit 
modulation control block 236 may enable control over the 
selection of modulation techniques utiliZed in the transmitter 
200. The receive demodulation control block 234 may enable 
control over the selection of demodulation techniques uti 
liZed in the receiver 201. In operation, the transmit modula 
tion control block 236 may enable control of modulation 
techniques applied by each of the plurality of mapper blocks 
108a . . . 10811 individually, on a per-stream basis. The receive 

demodulation control block 234 may enable control of 
demodulation techniques applied by each of the plurality of 
demapper blocks 126a . . . 12611 individually, on a per-stream 

basis. 

[0047] The processor 240 may perform digital receiver and/ 
or transmitter functions in accordance With applicable com 
munications standards. These functions may comprise, but 
are not limited to, tasks performed at loWer layers in a relevant 
protocol reference model. These tasks may further comprise 
the physical layer convergence procedure (PLCP), physical 
medium dependent (PMD) functions, and associated layer 
management functions. 

[0048] In operation, per-stream control of the mapper 
blocks 108a . . . 10811 may control the number of bits assigned 

to one or more individual streams, bst(i), to ensure that the 
sum of bits across the plurality of streams equals the aggre 
gate number of bits in the coding rate-adapted data block, bdb, 
as shoWn in equation[l]. The processor 240 may receive 
decoded data from the Viterbi decoder 132. The processor 
240 may communicate received data to the baseband proces 
sor 142 for analysis and further processing. The processor 
240 may also communicate data received via the RF channel, 
by the receiver 101, to the channel estimates block 122. This 
information may be utiliZed by the channel estimates block 
122, in the receiver 101, to compute channel estimates for a 
received RF channel. The baseband processor 142 may gen 
erate data to be transmitted via an RF channel by the trans 
mitter 100. The baseband processor 142 may communicate 
the data to the processor 240. The processor 240 may generate 
a plurality of bits that are communicated to the coding block 
102. The processor 240 may generate signals to control the 
operation of the transmit modulation control block 236, and 
of the receive demodulation control block 234. 

[0049] The elements shoWn in FIG. 2b may comprise com 
ponents that may be present in an exemplary embodiment of 
a Wireless communications terminal. One exemplary embodi 
ment of a may be a Wireless communications transmitter 
comprising a transmitter 200, a processor 240, and a base 
band processor 142. Another exemplary embodiment of a 
may be a Wireless communications receiver comprising a 
receiver 201, a processor 240, and a baseband processor 142. 
Another exemplary embodiment of a may be a Wireless com 
munications transceiver comprising a transmitter 200, a 
receiver 201, a processor 240, and a baseband processor 142; 

[0050] FIG. 3 is an exemplary block diagram of a trans 
ceiver comprising a transmitter and a receiver With adaptive 
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modulation/ demodulation and coding/ decoding for a MIMO 
system, Which may be utiliZed in accordance With an embodi 
ment of the invention. With reference to FIG. 3 there is shoWn 
a transmitter 300, a receiver 301, a processor 350, a baseband 
processor 142, a plurality of transmitting antennas 115a . . . 

11511, and a plurality of receiving antennas 117a . . . 11711. The 

transmitter 300 may comprise a plurality of puncture blocks 
304a, . . . , 30411, a plurality of interleaver blocks 306a, . . . , 

30611, a transmit coding control block 340, and a plurality of 
blocks as shoWn in the transmitter 200 (FIG. 2b), the coding 
block 102, the plurality ofmapper blocks 108a, . . . , 10811, and 
the plurality of IFFT blocks 110a, . . . , 11011. The transmitter 

300 may further comprise the beamforming V matrix block 
112, and the plurality of digital to analog conversion and 
antenna front end blocks 114a, . . . , 11411, and the transmit 

modulation control block 236. The receiver 301 may com 
prise a plurality of deinterleaver blocks 328a, . . . , 32811, a 

plurality of depuncture blocks 330a, . . . , 33011, a receive 

coding control block 338, and a plurality of blocks as shoWn 
in the receiver 201 (FIG. 2b), the plurality of antenna front 
end and digital to analog conversion blocks 116a, . . . , 11611, 

the beamforming U* matrix block 118, and the plurality of 
PET blocks 120a, . . . , 12011. The receiver 301 may further 

comprise the channel estimates block 122, the equaliZerblock 
124, the plurality ofdemapper blocks 126a, . . . , 12611, and the 
Viterbi decoder block 132, and the receive demodulation 
control block 234. 

[0051] In the transmitter 300, puncture and interleaving 
may be performed individually on a per-stream basis. The 
output from the plurality of puncture blocks 304a, . . . , 30411 

may be communicated to the plurality of interleaver blocks 
306a, . . . , 30611. Each puncture block in the plurality 304a, . 

. . , 30411 may communicate its output to a corresponding one 

of the plurality of interleaver blocks 306a, . . . , 30611. The 

output from the plurality of interleaverblocks 306a, . . . , 30611 

may be communicated to the plurality of mapper blocks 1 08a, 
. . . , 10811. Each of the plurality of interleaver blocks 306a, . 

. . , 30611 may communicate its output to a corresponding one 

of the plurality of mapper blocks 108a, . . . , 10811. The 

transmit coding control block 340 may enable control over 
the application of puncture utiliZed in the transmitter 300. 

[0052] In the receiver 301, depuncture and deinterleaving 
may be performed individually on a per-stream basis. Each 
deinterleaver block 328a, . . . , 32811 may receive input from a 

plurality of demapper blocks 126a, . . . , 12611 With each of the 

plurality of deinterleaver blocks 328a, . . . , 32811 receiving 

input from a corresponding one of the plurality of demapper 
blocks 126a, . . . , 12611. Each depuncture block 330a, . . . , 

33011 may receive input from a plurality of deinterleaver 
blocks 328a, . . . , 32811 With each of the plurality of depunc 

ture blocks 330a, . . . , 33011 receiving input from a corre 

sponding one of the plurality of deinterleaver blocks 328a, . . 
. , 32811. The output from each of the plurality of depuncture 
blocks 330a, . . . , 33011 may be communicated to the Viterbi 

decoder block 132. The receive decoding control block 338 
may enable control over the application of depuncture uti 
liZed in the receiver 301. 

[0053] The processor 350 may perform digital receiver and/ 
or transmitter functions in accordance With applicable com 
munications standards. These functions may comprise, but 
are not limited to, tasks performed at loWer layers in a relevant 
protocol reference model. These tasks may further comprise 
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the physical layer convergence procedure (PLCP), physical 
medium dependent (PMD) functions, and associated layer 
management functions. 

[0054] In operation, the transmit coding control block 340 
may enable control of puncture applied by each of the plural 
ity of puncture blocks 304a, . . . , 304n individually, on a 

per-stream basis. The per-stream control of puncture may 
enable the coding rate to vary on a per-stream basis. The 
receive coding control block 338 may enable control of 
depuncture applied by each of the plurality of depuncture 
blocks 330a, . . . , 330n individually, on a per-stream basis. 

The per-stream control of depuncture may enable the receiver 
301 to adapt to differences in the coding rate of the received 
signal on a per-stream basis. 

[0055] The processor 300 may receive decoded data from 
the Viterbi decoder 132. The processor 240 may communi 
cate received data to the baseband processor 142 for analysis 
and further processing. The processor 350 may also commu 
nicate data received via the RF channel, by the receiver 101, 
to the channel estimates block 122. This information may be 
utiliZed by the channel estimates block 122, in the receiver 
101, to compute channel estimates for a received RF channel. 
The baseband processor 142 may generate data to be trans 
mitted via an RF channel by the transmitter 100. The base 
band processor 142 may communicate the data to the proces 
sor 3500. The processor 350 may generate a plurality of bits 
that are communicated to the coding block 102. The proces 
sor 350 may generate signals to control the operation of the 
transmit modulation control block 236, and of the receive 
demodulation control block 234. The processor 350 may 
generate signals to control the operation of the transmit cod 
ing control block 340, and of the receive decoding control 
block 338. 

[0056] The elements shoWn in FIG. 3 may comprise com 
ponents that may be present in an exemplary embodiment of 
a Wireless communications terminal. One exemplary embodi 
ment of a may be a Wireless communications transmitter 
comprising a transmitter 300, a processor 340, and a base 
band processor 142. Another exemplary embodiment of a 
may be a Wireless communications receiver comprising a 
receiver 301, a processor 340, and a baseband processor 142. 
Another exemplary embodiment of a may be a Wireless com 
munications transceiver comprising a transmitter 300, a 
receiver 301, a processor 340, and a baseband processor 142. 

[0057] In one aspect of the invention, a system for commu 
nicating information in a MIMO communications system 
may comprise a receiver that may be adapted to select, for a 
plurality of spatial streams, a modulation type and/ or coding 
rate. The receiver may communicate at least one message, via 
an RF channel, that comprises a plurality of modulation types 
and/ or coding rates. The receiver may be con?gured to 
receive subsequent data based on at least one selected modu 
lation type and/ or coding rate. In another aspect of the inven 
tion, the system may comprise a transmitter that may receive 
a message, via an RF channel, that comprises a speci?cation 
of a plurality of modulation types and/or coding rates, for a 
plurality of spatial streams. The system may be con?gured to 
transmit subsequent data based on at least one of the received 
modulation types and/ or coding rates. 

[0058] Channel sounding may comprise a plurality of 
methods by Which a transmitter, for example, transmitter 200, 
and a receiver, for example, receiver 201, may exchange 
information in a closed loop system. The exchanged informa 
tion may be utiliZed by a transmitter such that the transmitter 
may be con?gured to transmit subsequent data based on a 
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modulation type and/or coding rate. The exchanged informa 
tion may be utiliZed to con?gure the receiver to receive sub 
sequent data based on a modulation type and/ or coding rate. 
Channel sounding may enable the transmitter to transmit, and 
the receiver to receive, based on a common modulation type 
and/or coding rate. 

[0059] A frame structure for channel sounding Which may 
utiliZe a MIMO mode request frame, a MIMO channel 
request frame, a MIMO mode response frame, and a MIMO 
channel response frame are described in Us. application Ser. 
No. 11/052,353 ?led Feb. 7, 2005, Which is hereby incorpo 
rated herein by reference in its entirety. 

[0060] In a MIMO system, various embodiments of the 
invention may enable a transmitter, for example, transmitter 
200, and a receiver, for example, receiver 201, to utiliZe 
channel sounding mechanisms to exchange information that 
speci?es a modulation type and/or coding rate for each of a 
plurality of spatial streams. The exchanged information may 
be utiliZed to con?gure the transmitter to transmit sub sequent 
data via an individual spatial stream among a transmitted 
plurality of spatial streams based on a modulation type and/or 
coding rate. The exchanged information may be utiliZed to 
con?gure the receiver to receive subsequent data via a corre 
sponding individual spatial stream among a received plurality 
of spatial streams based on a modulation type and/ or coding 
rate. Channel sounding may enable the transmitter to transmit 
via an individual spatial stream, and the receiver to receive via 
a corresponding individual spatial stream, based on a com 
mon modulation type and/ or coding rate. 

[0061] In an open loop MIMO system, a transmitter 100, 
200, or 300, and a receiver 101, 201, or 301, may not utiliZe 
channel sounding closed loop feedback methods. Instead, the 
transmitter may utiliZe a “back of’ method to select a modu 
lation type and/ or coding rate for a plurality of spatial 
streams. In an open loop system, the transmitter may select a 
modulation type and/ or coding rate to be utiliZed in transmit 
ting data to the receiver. If the receiver successfully receives 
the transmitted data, an acknowledgement may be transmit 
ted. Upon receipt of the acknoWledgement, the transmitter 
may modify a previously selected modulation type and/or 
coding rate to increase the data rate of subsequent transmitted 
data. If the receiver does not successfully receive the trans 
mitted data, an acknoWledgement may not be transmitted. If 
the transmitter does not receive an acknoWledgement, the 
transmitter may modify a previously selected modulation 
type and/ or coding rate to decrease the data rate of sub sequent 
transmitted data. 

[0062] FIG. 4 shoWs an exemplary graph of throughput 
versus SNR simulations for a 2x2 system utiliZing a 40 MHZ 
D-type channel With perfect channel estimation based on 
MMSE-LE for packet siZe of 1000 bytes, in accordance With 
an embodiment of the invention. With reference to FIG. 4 
there is shoWn results from a simulation of an open loop 
system 402, results from a simulation of an adaptive modu 
lation system 404, results from a simulation of an adaptive 
modulation and coding system 406, and results from a simu 
lation of a TGn Sync (nSync) proposal 408. As illustrated in 
FIG. 4, for a given throughput, the SNR performance required 
in an adaptive modulation system 404 may be Within 2 dB of 
the SNR performance of an adaptive modulation and coding 
system 406. Either the adaptive modulation system 404, or 
the adaptive modulation and coding system 406, may achieve 
a given level of throughput at a loWer SNR than in the nSync 
proposal 408. In this regard, the adaptive modulation system 
404 may represent a suitable alternative to a system that 
utiliZes adaptive modulation and coding 406. 
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[0063] FIG. 5 illustrates an exemplary training sequence 
for adaptive modulations, Which may be utilized in connec 
tion With an embodiment of the invention. With reference to 
FIG. 5, there is shoWn a ?rst antenna 500, and a second 
antenna 501. The physical layer protocol data unit (PPDU) 
transmitted by the ?rst antenna 500 may comprise a short 
sequence ?eld 502, a training symbol guard interval (GI) ?eld 
504, a long sequence ?eld 506, a guard interval (GI) ?eld 508, 
a SIG-N ?eld 510, a plurality of guard interval ?elds 512a . . 

. 512b, and a plurality of data ?elds 514a . . . 51419. The 

message transmitted by the second antenna 501 may com 
prise a short sequence ?eld 522, a training symbol guard 
interval ?eld 524, a long sequence ?eld 526, a guard interval 
?eld 528, a SIG-N ?eld 530, a plurality of guard interval ?elds 
532a, . . . , 532b, and a plurality ofdata ?elds 534a, . . . , 53419. 

A physical layer service data unit (PSDU) may comprise a 
header and a data payload. The preamble of the PSDU trans 
mitted by the ?rst antenna 500 may comprise a short sequence 
?eld 502, and a long sequence ?eld 506. The header portion of 
the PSDU transmitted by the ?rst antenna 500 may comprise 
the SIG-N ?eld 510. The data payload of the PSDU transmit 
ted by the ?rst antenna 500 may comprise plurality of data 
?elds 514a, . . . , 51419. The preamble to the PSDU transmitted 

by the second antenna 501 may comprise a short sequence 
?eld 522, and a long sequence ?eld 526. The header portion of 
the PSDU transmitted by the second antenna 501 may com 
prise the SlG-N ?eld 530. The data payload of the PSDU 
transmitted by the second antenna 501 may comprise plural 
ity of data ?elds 534a, . . . , 53419. 

[0064] The short sequence ?eld 502 may comprise a plu 
rality of short training sequence symbols, for example, 10 
short training sequence symbols. Each short training 
sequence symbol may comprise transmission of information 
for a de?ned time interval, for example, 800 nanoseconds 
(ns). The duration of the short sequence ?eld 502 may com 
prise a time interval, for example, 8 microseconds (us). The 
short sequence ?eld 502 may be utiliZed by a receiver, for 
example, receiver 201, for a plurality of reasons, for example, 
signal detection, automatic gain control (AGC) for loW noise 
ampli?cation circuitry, diversity selection such as performed 
by rake receiver circuitry, coarse frequency offset estimation, 
and timing synchronization. 

[0065] The training symbol guard interval ?eld 504 may 
comprise a time interval during Which the ?rst antenna 500 
does not transmit information via an RF channel. The dura 
tion of the training symbol guard interval ?eld 504 may 
comprise a time interval, for example, 1.6 us. The training 
symbol guard interval ?eld 504 may be utiliZed by a receiver, 
for example, receiver 201, to reduce the likelihood of inter 
symbol interference betWeen a preceding symbol, for 
example, a symbol transmitted during a short sequence ?eld 
502, and a succeeding symbol, for example, a symbol trans 
mitted during a long sequence ?eld 506. 

[0066] The long sequence ?eld 506 may comprise a plural 
ity of long training symbols, for example, 2 long training 
symbols. Each long training symbol may comprise transmis 
sion of information for a de?ned time interval, for example, 
3.2 us. The duration of the long training sequence, including 
the duration of the long sequence ?eld 506, and the preceding 
training symbol guard interval ?eld 504, may comprise a time 
interval of, for example, 8 us. The long training sequence ?eld 
506 may be utiliZed by a receiver, for example, receiver 201, 
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for a plurality of reasons, for example, ?ne frequency offset 
estimation, and channel estimation. 

[0067] The guard interval ?eld 508 may comprise a time 
interval during Which the ?rst antenna 500 does not transmit 
information via an RF channel. The duration of guard interval 
?eld 508 may comprise a time interval, for example, 800 ns. 
The guard interval ?eld 508 may be utiliZed by a receiver, for 
example, receiver 201, to reduce the likelihood of inter-sym 
bol interference betWeen a preceding symbol, for example, a 
symbol transmitted during a long sequence ?eld 506, and a 
succeeding symbol, for example, a symbol transmitted during 
the signal SIG-N ?eld 510. 

[0068] The signal SIG-N ?eld 510 may comprise, for 
example, a signal symbol. Each signal symbol may comprise 
transmission of information for a de?ned time interval, for 
example, 3.2 us. The duration of the single symbol, including 
the duration of the signal SIG-N ?eld 510, and the preceding 
guard interval ?eld 508, may comprise a time interval, for 
example, 4 us. The signal SIG-N ?eld 510 may be utiliZed by 
a receiver, for example, receiver 201, to establish a plurality of 
con?guration parameters associated With receipt of a physical 
layer service data unit (PSDU) via an RF channel. 

[0069] The guard interval ?eld 512a may comprise a time 
interval during Which the ?rst antenna 500 does not transmit 
information via an RF channel. The duration of guard interval 
?eld 512a may comprise a time interval, for example, 800 ns. 
The guard interval ?eld 512a may be utiliZed by a receiver, for 
example, receiver 201, to reduce the likelihood of inter-sym 
bol interference betWeen a preceding symbol, for example, a 
symbol transmitted during a signal SIG-N ?eld 510, and a 
succeeding symbol, for example, a symbol transmitted during 
a the data ?eld 514a. Each successive guard interval ?eld in 
the plurality of guard interval ?elds 512a, . . . , 5121) may be 

utiliZed by a receiver, for example, receiver 201, to reduce the 
likelihood of inter-symbol interference betWeen a preceding 
symbol, for example, a symbol transmitted during the plural 
ity of data ?elds 514a, . . . , 514b, and a succeeding symbol in 
the plurality of data ?elds 514a, . . . , 51419. 

[0070] A data ?eld in the plurality of data ?elds 514a, . . . , 
5141) may comprise, for example, a data symbol. Each data 
symbol may comprise transmission, by the ?rst antenna 500, 
of information for a de?ned time interval, for example, 3.2 us. 
The duration of each data interval, including the duration of a 
data ?eld in the plurality of data ?elds 514a, . . . , 514b, and the 
preceding guard interval ?eld in the plurality of guard interval 
?elds 512a, . . . , 512b, may comprise a time interval, for 

example, 4 us. The plurality of data ?elds 514a, . . . , 5141) may 

be utiliZed by a receiver, for example, receiver 201, receive 
information that is contained in a PSDU data payload 
received via an RF channel. 

[0071] The short sequence ?eld 522, training symbol guard 
interval ?eld 524, long sequence ?eld 526, guard interval 528, 
and signal SIG-N ?eld 530 may comprise time shifted, or 
cyclically shifted, representations of the corresponding short 
sequence ?eld 502, training symbol guard interval ?eld 504, 
long sequence ?eld 506, guard interval 508, and signal SIG-N 
?eld 510. The start of transmission of the cyclically shifted 
version short sequence ?eld 522 by the second antenna 501 
may precede the start of transmission of the short sequence 
?eld 502 by the ?rst antenna 500 by an interval, for example, 
400 ns. The start of transmission of the cyclically shifted 
version long sequence ?eld 526 by the second antenna 501 
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may precede the start of transmission of the long sequence 
?eld 506 by the ?rst antenna 500 by an interval, for example, 
1600 ns. The start of transmission of the cyclically shifted 
version signal SIG-N ?eld 530 by the second antenna 501 
may precede the start of transmission of the signal SIG-N 
?eld 510 by the ?rst antenna 500 by an interval, for example, 
1600 ns. 

[0072] The guard interval ?eld 532a may comprise a time 
interval during Which the second antenna 501 does not trans 
mit information via an RF channel. The duration of guard 
interval ?eld 532a may comprise a time interval, for example, 
800 ns. The guard interval ?eld 532a may be utiliZed by a 
receiver, for example, receiver 201, to reduce the likelihood of 
inter-symbol interference betWeen a preceding symbol, for 
example, a symbol transmitted during a signal SIG-N ?eld 
530, and a succeeding symbol, for example, a symbol trans 
mitted during a the data ?eld 534a. Each successive guard 
interval ?eld in the plurality of guard interval ?elds 532a, . . . 
, 5321) may be utiliZed by a receiver, for example, receiver 
201, to reduce the likelihood of inter-symbol interference 
betWeen a preceding symbol, for example, a symbol trans 
mitted during the plurality of data ?elds 534a, . . . , 534b, and 
a succeeding symbol in the plurality of data ?elds 534a, . . . , 
534b. 

[0073] The data ?eld in the plurality of data ?elds 534a . . . 
5341) may comprise, for example, a data symbol. Each data 
symbol may comprise transmission, by the second antenna 
501, of information for a de?ned time interval, for example, 
3 .2 us. The duration of each data interval, including the dura 
tion of a data ?eld in the plurality of data ?elds 534a, . . . , 
534b, and the preceding guard interval ?eld in the plurality of 
guard interval ?elds 532a, . . . , 532b, may comprise a time 
interval, for example, 4 us. The plurality of data ?elds 534a, 
. . . , 5341) may be utiliZed by a receiver, for example, receiver 
201, receive information that is contained in a PSDU data 
payload received via an RF channel. The short sequence ?eld 
502, and the long sequence ?eld 506, are speci?ed in IEEE 
resolution 802.11. 

[0074] In operation, short sequence and long sequence 
?elds may be transmitted by the ?rst antenna 500, of a trans 
mitter, for example, transmitter 200, and received by a 
receiver, for example, receiver 201. For example, the receiver 
may compare a received long sequence ?eld against the Well 
knoWn expected values to determine an extent to Which trans 
mission impairments may exist in the doWnlink channel. 
Channel estimates may be derived for the doWnlink channel. 
The channel estimates may comprise SNR information and 
may comprise information about individual spatial streams 
that may be transmitted via the doWnlink channel. 

[0075] The short sequence ?eld 522, and the long sequence 
?eld 526, are speci?ed in IEEE resolution 802.11. The short 
sequence and long sequence ?elds may be transmitted by the 
second antenna 501, of a transmitter, for example, transmitter 
200, and received by a receiver, for example, receiver 201. For 
example, the receiver may compare a received long sequence 
?eld against knoWn expected values to determine an extent to 
Which transmission impairments may exist in the doWnlink 
channel, and therefore, to derive channel estimates for the 
doWnlink channel. The channel estimates may comprise SNR 
information and may comprise information about individual 
spatial streams that may be transmitted via the RF or doWn 
link channel. 

[0076] The preamble portion and header portion of the 
PSDU transmitted by the ?rst antenna 500 may be transmitted 

Sep. 30, 2010 

utiliZing a knoWn modulation type and coding rate. The uti 
liZation of a knoWn modulation type and coding rate may 
enable a transmitter, for example, transmitter 200, and a 
receiver, for example, receiver 201, to communicate until 
modulation type and coding rate information has been 
exchanged. The modulation type may comprise binary phase 
shift keying (BPSK), for example. The coding rate may be 
represented as 1/2. The modulation type and coding rate may 
represent the loWest data rate at Which data may be transmit 
ted via a spatial stream in an RF channel. The header trans 
mitted by the ?rst antenna comprising the signal SIG-N ?eld 
510, and the plurality of data ?elds 514a . . . 514b, may 
comprise a physical layer protocol data unit (PPDU). 

[0077] Beamforming, Which may also be referred to as 
Eigenbeamforming, may be utiliZed at the beginning of the 
long training sequence (LTS), Which may correspond to the 
beginning of the training symbol guard interval 504. Altema 
tively, beamforming may be utiliZed at the start of reception 
of the data payload, Which may correspond to the beginning 
of the guard interval 51211. The receiver may determine that a 
received frame is processed utiliZing adaptive modulation 
based on the signal SIG-N ?eld 510. Adaptive modulation 
may comprise modifying at least one modulation and/or cod 
ing rate for at least one transmitted spatial stream based on 
channel feedback information in a closed loop MIMO sys 
tem. 

[0078] The preamble portion and header portion of the 
PSDU transmitted by the second antenna 501 may be trans 
mitted utiliZing a particular modulation type and coding rate. 
The utiliZation of a particular modulation type and coding 
rate may enable a transmitter, for example, transmitter 200, 
and a receiver, for example, receiver 201, to communicate 
until modulation type and coding rate information has been 
exchanged. The modulation type may comprise binary phase 
shift keying (BPSK). The coding rate may be represented as 
1/2. The modulation type and coding rate may represent the 
loWest data rate at Which data may be transmitted via a spatial 
stream in an RF channel. The header transmitted by the ?rst 
antenna comprising the signal SIG-N ?eld 530, and the plu 
rality of data ?elds 534a . . . 534b, may comprise a PPDU. 

[0079] Eigenbeamforming may be utiliZed at the beginning 
of the long training sequence (LTS), Which may correspond to 
the beginning of the training symbol guard interval 524. 
Alternatively, beamforming may be utiliZed at the start of 
reception of the data payload, Which may correspond to the 
beginning of the guard interval 53211. The receiver may deter 
mine that a received frame is processed utiliZing adaptive 
modulation based on the signal SIG-N ?eld 530. Adaptive 
modulation may comprise modifying at least one modulation 
and/or coding rate for at least one transmitted spatial stream 
based on channel feedback information in a closed loop 
MIMO system. 

[0080] FIG. 6 illustrates an exemplary SIG-N ?eld, in 
accordance With an embodiment of the invention. With ref 
erence to FIG. 6 there is shoWn a number of spatial streams 
(NSS) ?eld 602, a number of transmitting antenna (NTX) 
?eld 604, a bandWidth (BW) ?eld 606, a coding rate (R) ?eld 
608, an error correcting code type (CT) ?eld 610, and a 
constellation types (CONs) ?eld 612. Also illustrated in FIG. 
6 is a length (LEN) ?eld 614, a last PSDU indicator (LPI) ?eld 
616, a closed loop (Clsd) ?eld 618, a RSVD ?eld 620, a 
cyclical redundancy check (CRC) ?eld 622, and a tail ?eld 
624. 

[0081] The number of spatial streams ?eld 602 may com 
prise 3 bits of binary data. The number of spatial streams ?eld 
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602 may indicate the number of spatial streams utilized in 
transmitting information betWeen a transmitter, for example, 
200, and a receiver, for example, 201. In a MIMO system the 
number of spatial streams may represent a number, for 
example, 1, 2, 3, or 4. The number of transmitting antenna 
?eld 604 may comprise, for example, 3 bits of binary data. 
The number of transmitting antenna ?eld 604 may indicate 
the number of transmitting antenna, for example, antenna 
500, utiliZed in transmitting information betWeen a transmit 
ter and a receiver. In a MIMO system the number of trans 
mitting antenna may represent a number, for example, 1, 2, 3, 
or 4. The bandWidth ?eld 606 may comprise 2 bits of binary 
data. The bandWidth ?eld 606 may indicate the bandWidth 
that is utiliZed for transmitting information betWeen a trans 
mitter and a receiver. In a MIMO system the bandWidth may 
represent a bandWidth, for example, 20 MHZ, or 40 MHZ, 
Where 20 MHZ may correspond to utiliZation of a 20 MHZ RF 
channel, and 40 MHZ may correspond to utiliZation of a 40 
MHZ RF channel. The coding rate ?eld 608 may comprise 3 
bits of binary data. The coding rate ?eld 608 may indicate the 
coding rate that is utiliZed in transmitting a physical layer 
service data unit (PSDU) via an antenna. In a MIMO system, 
the coding rate may represent a number, for example, 1/2, 2/3, 
3A, or 5/6. The error correcting code type ?eld 610 may com 
prise 2 bits of binary data. The error correcting code type ?eld 
61 0 may indicate the error correcting code type that is utiliZed 
in transmitting information via an antenna. In a MIMO sys 
tem, the error correcting code type may represent an error 
correcting coding method, for example, binary convolutional 
coding (BCC), or loW density parity coding (LDPC). The 
constellation types ?eld 612 may comprise 7 bits of binary 
data. The constellation types ?eld 612 may indicate the con 
stellation type, or modulation type, Which is utiliZed in trans 
mitting a PSDU in one or more spatial streams via an antenna. 
In a MIMO system, the modulation type may represent a 
constellation indicating the number of binary bits that may be 
encoded in a symbol, for example, binary phase shift keying 
(BPSK), quaternary phase shift keying (QPSK), 16 level 
quadrature amplitude modulation (l6 QAM), 64 level QAM 
(64 QAM), or 256 level QAM (256 QAM). 
[0082] The length ?eld 614 may comprise information that 
indicates the number of binary octets of data payload infor 
mation, for example, in data ?elds 514a, . . . , 514b transmitted 
via an antenna, for example antenna 500. The indicator LPI 
?eld 616 may comprise 1 bit of binary information. The 
indicator LPI ?eld 616 may comprise information that indi 
cates Whether the data payload, for example, the plurality of 
data ?elds 514a . . . 514b, represent that last information 
comprised in a message. The closed loop ?eld 618 may indi 
cate Whether a transmitter, for example, transmitter 200, uti 
liZed MIMO closed loop feedback information in transmit 
ting information via an antenna. The reserved ?eld 620 may 
comprise 9 bits of binary information. The reserved ?eld 620 
may have no assigned usage. The con?guration ?eld 504 may 
comprise 16 bits of binary information. The cyclical redun 
dancy check ?eld 622 may comprise 4 bits of binary infor 
mation. The cyclical redundancy check ?eld 622 may com 
prise information that may be utiliZed by a receiver, for 
example, receiver 201, to detect the presence of errors in a 
received PPDU, for example, the header SIG-N ?eld 51 0, and 
data, for example, the plurality of data ?elds 514a . . . 51419. 
The tail ?eld 624 may comprise 6 bits of binary information. 
The tail ?eld 624 may comprise information that is appended 
after the cyclical redundancy check ?eld 622 to pad the 
SIG-N ?eld to a desired length. 

[0083] In operation, in a closed loop MIMO system, the 
constellation types ?eld 612, may be utiliZed by a receiver, for 
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example, receiver 201, to select, for a plurality of spatial 
streams, at least one modulation type. A receiver may select a 
unique modulation type and/or coding rate for each of a 
plurality of spatial streams transmitted by an antenna, for 
example, antenna 500. The selected modulation types and 
coding rates may be communicated via an uplink channel. A 
transmitter, for example transmitter 200, may receive the 
selected modulation types and coding rates transmitted via an 
RF channel that comprises speci?cation of a plurality of 
modulation types and/or coding rates for a plurality of spatial 
streams. The transmitter may be con?gured for transmitting 
subsequent data based on at least one received modulation 
type and/or coding rate. 

[0084] The modulation and/ or coding rate may comprise a 
speci?cation of one of the plurality of spatial streams by the 
receiver, and a speci?cation of a corresponding spatial stream 
transmitted as a part of at least a portion of a plurality of 
spatial streams by a transmitter. A transmitter may receive a 
speci?cation of a plurality of modulation types and/or coding 
rates for a plurality of spatial streams. The transmitter may 
then utiliZe each of the plurality of modulation types and/or 
coding rates speci?ed by a receiver, for a plurality of spatial 
streams, to transmit subsequent data utiliZing a correspond 
ing one of a plurality of transmitted spatial streams. A trans 
mitter may receive a speci?cation of a plurality of modulation 
types and/or coding rates for a plurality of spatial streams. 
The transmitter may then utiliZe at least one speci?ed modu 
lation type and/or coding rate to transmit subsequent data 
utiliZing at least one spatial stream. 

[0085] In one embodiment of the invention, in a closed loop 
MIMO system, a receiver, for example, receiver 201, may 
generate channel feedback information based on at least one 
SNR for a plurality of spatial streams. The generated channel 
feedback information may be communicated via an uplink 
channel. A transmitter, for example, transmitter 200, may 
receive the channel feedback information based on at least 
one SNR observed by the receiver for a plurality of spatial 
streams. The transmitter may select a plurality of modulation 
types and/or coding rates for a plurality of spatial streams. 
The transmitter may be con?gured for transmitting subse 
quent data based on at least one selected modulation type 
and/or coding rate that had been selected based on the channel 
feedback information. 

[0086] In another embodiment of the invention, in an open 
loop MIMO system, a transmitter, for example transmitter 
200, may select a plurality of modulation types and/or coding 
rates for a plurality of spatial streams. The transmitter may 
con?gure for transmitting subsequent data based on at least 
one selected modulation type and/or coding rate. 

[0087] In either closed loop, or open loop, MIMO systems, 
the transmitter, for example, transmitter 200, may communi 
cate to the receiver, for example, receiver 201, information 
comprising speci?cation of the modulation types and/or cod 
ing rate types that Were utiliZed in transmitting subsequent 
data via the signal SIG-N message ?eld, for example, the 
exemplary SIG-N ?eld shoWn in FIG. 6, contained in a 
PPDU. The constellation types ?eld 612 may comprise speci 
?cation of the modulation types utiliZed in a plurality of 
spatial streams that Were transmitted via a transmitting 
antenna, for example, antenna 500. Whether subsequent data 
Was transmitted utiliZing a closed loop method, or an open 
loop method may be determined by a receiver based on the 
closed loop ?eld 604. 

[0088] Ifthe closed loop ?eld 618 Clsd=0 and the number 
of spatial streams (N SS), represented by the number of spatial 
















