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(57) ABSTRACT 

A method and apparatus is disclosed to dynamically select 
among two or more receiver filter bandwidths to more closely 
approximate a bandwidth of a corresponding signal field 
included in a received communications signal. A communi 
cations transmitter may transmit a transmitted communica 
tion signal in at least one formatted blocks of data or packets. 
Each one of the at least one formatted blocks of data or 
packets include at least one single stream signal field Such as, 
but not limited to, a single stream preamble, a single stream 
signal field, and/or a single stream single stream information 
payload in accordance with the known single stream commu 
nications standard and/or at least one multiple stream signal 
field Such as, but not limited to, a multiple stream preamble, 
a multiple stream signal field, and/or a multiple stream mul 
tiple stream information payload in accordance with the 
known multiple stream communications standard. The com 
munications receiver may include one or more receiver filters 
to select among one or more receiver filter bandwidths to filter 
the at least one single stream signal field and/or the at least 
one multiple stream signal field. 
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DYNAMIC RECEIVER FILTER 
ADJUSTMENT ACROSS PREAMBLE AND 

INFORMATION PAYLOAD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of U.S. 
Provisional Patent Appl. No. 60/929,154, filed Jun. 15, 2007, 
entitled “Carrier Selection for Multiple Antennas”; U.S. Pro 
visional Patent Appl. No. 60/929,155, filed Jun. 15, 2007, 
entitled “Dynamic Receiver Filter Adjustment Across Pre 
amble and Information Payload”; U.S. Provisional Patent 
Appl. No. 60/929,156, filed Jun. 15, 2007, entitled “Adjacent 
Channel Interference (ACI) Detection”; U.S. Provisional 
Patent Appl. No. 60/960,706, filed Oct. 10, 2007, entitled 
“Gain Control for Reduced Interframe Spacing (RIFS), each 
of which is incorporated by reference herein in its entirety. 
0002 The present application is related to: U.S. Provi 
sional Patent Appl. No. 60/929,149, filed Jun. 15, 2007, 
entitled “Spur Avoidance Via Static Changes to PHY Clock 
Frequency”; U.S. Provisional Patent Appl. No. 60/960,384, 
filed Sep. 27, 2007, entitled “Guard Interval Cyclic Filtering 
for Short Guard Interval (GI)''': U.S. patent application Ser. 
No. 12/004,406, filed Dec. 21, 2007, entitled “Single-Chip 
Wireless Transceiver”; U.S. patent application Ser. No. 

(SKGF RefNo. 2875. 1600001), filed Jun. 16, 2008, 
entitled “Carrier Selection for Multiple Antennas”; U.S. 
patent application Ser. No. (SKGF Ref No. 2875. 
1930001), filed Jun. 16, 2008, entitled "Gain Control for 
Reduced Interframe Spacing (RIFS)”; and U.S. patent appli 
cation Ser. No. (SKGF RefNo. 2875.2510000), filed 
Jun. 16, 2008, entitled “Apparatus to Reconfigure an 802. 
11a/n Transceiver to Support 802.11j/10 MHz Mode of 
Operation, each of which is incorporated by reference herein 
in its entirety. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates generally to a commu 
nications receiver, more specifically selecting among two or 
more receiver filter bandwidths to a bandwidth of a corre 
sponding signal field included in a received communications 
signal. 
0005 2. Related Art 
0006. A communication system typically involves trans 
mitting an information signal as a communications signal 
from a communications transmitter to a communications 
receiver overa communication channel. The communications 
transmitter may include a single transmit antenna to produce 
a single stream communications signal or multiple transmit 
antenna to produce a multiple stream communications signal. 
0007. The communication receiver may include multiple 
receive antenna to receive the communications signal as it 
traverses through the communication channel. Commonly, 
the communication receiver includes at least one conven 
tional receiver filter to filter a received communication signal 
prior to processing the received communications signal 
according to a known single stream communications stan 
dard, such as, but not limited to, the Institute of Electrical and 
Electronics Engineers (IEEE) 802.11aTM standard, the IEEE 
802.11bTM standard, the IEEE 802.11gTM standard, or a 
known multiple stream communications standard. Such as, 
but not limited to, the IEEE 802.11nTM standard, but not both. 
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The IEEE 802.11aTM standard, the IEEE 802.11bTM standard, 
the IEEE 802.11gTM, and the IEEE 802.11nTM standard are 
incorporated by reference herein in their entirety. 
0008. A conventional receiver filter typically includes a 
conventional receiver filter bandwidth having a single or indi 
vidual receiver filter bandwidth. The conventional receiver 
filter filters the received communications signal in its entirety 
using the conventional receiver filter bandwidth. However, 
the received communications signal includes one or more 
signal fields that have a bandwidth substantially less than or 
equal to the conventional receiver filter bandwidth. As a 
result, using the conventional receiver filter to filter these one 
or more signal fields results in a degradation of a signal to 
noise ratio (SNR). 
0009. Therefore, what is needed is a receiver filter that is 
capable of selecting among two or more one receiver filter 
bandwidths to more closely approximate a bandwidth of a 
corresponding signal field included in the received commu 
nications signal 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

0010. The accompanying drawings illustrate the present 
invention and, together with the description, further serve to 
explain the principles of the invention and to enable one 
skilled in the pertinent art to make and use the invention. 
0011 FIG. 1A illustrates a block diagram of a communi 
cations environment according to an exemplary embodiment 
of the present invention. 
0012 FIG. 1B illustrates a block diagram of another com 
munications environment according to another exemplary 
embodiment of the present invention. 
0013 FIG. 2 illustrates a block diagram of a communica 
tions receiver according to an exemplary embodiment of the 
present invention. 
0014 FIG.3 illustrates a block diagram of a physical layer 
interface (PHY) according to an exemplary embodiment of 
the present invention. 
0015 FIG. 4 illustrates a block diagram of a radio receiver 
according to an exemplary embodiment of the present inven 
tion. 
0016 FIG. 5A illustrates a single stream communications 
packet according to the known single stream communications 
standard. 
0017 FIG. 5B illustrates a frequency domain representa 
tion of the single stream communications packet encoded in 
accordance with the IEEE 802.11a TM Standard. 
0018 FIG. 6A illustrates a multiple stream communica 
tions packet according to the known multiple stream commu 
nications standard. 
0019 FIG. 6B illustrates a frequency domain representa 
tion of the multiple stream communications packet encoded 
in accordance with the IEEE 802.11nTM Standard. 
0020 FIG. 7A illustrates a receiver filter according to an 
exemplary embodiment of the present invention. 
0021 FIG. 7B illustrates a frequency domain representa 
tion of the receiver filter according to an exemplary embodi 
ment of the present invention. 
0022 FIG. 8 is a flowchart of exemplary operational steps 
of a communications environment according to an aspect of 
the present invention. 
0023 FIG. 9 is a flowchart of exemplary operational steps 
of a communications receiver according to an aspect of the 
present invention. 
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0024 FIG. 10 is a flowchart of exemplary operational 
steps of the receiver filter according to an exemplary embodi 
ment of the present invention. 
0025. The present invention will now be described with 
reference to the accompanying drawings. In the drawings, 
like reference numbers generally indicate identical, function 
ally similar, and/or structurally similar elements. The draw 
ing in which an element first appears is indicated by the 
leftmost digit(s) in the reference number. 

DETAILED DESCRIPTION OF THE INVENTION 

0026. The following detailed description of the present 
invention refers to the accompanying drawings that illustrate 
exemplary embodiments consistent with this invention. Other 
exemplary embodiments are possible, and modifications may 
be made to the exemplary embodiments within the spirit and 
scope of the invention. Therefore, the detailed description is 
not meant to limit the invention. Rather, the scope of the 
invention is defined by the appended claims. 
0027. References in the specification to “one exemplary 
embodiment,” “an exemplary embodiment.” “an example 
exemplary embodiment, etc., indicate that the exemplary 
embodiment described may include a particular feature, 
structure, or characteristic, but every exemplary embodiment 
may not necessarily include the particular feature, structure, 
or characteristic. Moreover, Such phrases are not necessarily 
referring to the same exemplary embodiment. Further, when 
a particular feature, structure, or characteristic is described in 
connection with an exemplary embodiment, it is submitted 
that it is within the knowledge of one skilled in the art to effect 
Such feature, structure, or characteristic in connection with 
other exemplary embodiments whether or not explicitly 
described. 
0028. Furthermore, it should be understood that spatial 
descriptions (e.g., “above,” “below,” “up,” “left,” “right.” 
“down.” “top,” “vertical.” “horizontal, etc.) used herein are 
for purposes of illustration only, and that practical implemen 
tations of the structures described herein may be spatially 
arranged in any orientation or manner. Likewise, particular 
bit values of “0” or “1” (and representative voltage values) are 
used in illustrative examples provided herein to represent 
information for purposes of illustration only. Information 
described herein may be represented by either bit value (and 
by alternative Voltage values), and exemplary embodiments 
described herein may be configured to operate on either bit 
value (and any representative Voltage value), as would be 
understood by persons skilled in the relevant art(s). 
0029. The example exemplary embodiments described 
herein are provided for illustrative purposes, and are not 
limiting. Further structural and operational exemplary 
embodiments, including modifications/alterations, will 
become apparent to persons skilled in the relevant art(s) from 
the teachings herein. 

Exemplary Communications Environments 

0030 FIG. 1A illustrates a block diagram of a communi 
cations environment according to an exemplary embodiment 
of the present invention. A communications environment 100 
is an exemplary representation of a single-input and multiple 
output (SIMO) communications environment that includes 
the use of a single transmit antenna at a communications 
transmitter 102 and multiple receive antennas at a communi 
cations receiver 106. The communications environment 100 
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includes a communications transmitter 102 to transmit at 
least one information signal as received from at least one 
transmitter user device, denoted as information signals 150.1 
through 150.K., to the communications receiver 106 via a 
communication channel 104. The transmitter user devices 
may include, but are not limited to, personal computers, data 
terminal equipment, telephony devices, broadband media 
players, personal digital assistants, software applications, or 
any other medium capable of transmitting or receiving data. 
However, those skilled in the relevant art(s) will recognize 
that the information signals 150.1 through 150.K may include 
a single information signal. Such as the information signal 
150.1 to provide an example, without departing from the 
spirit and scope of the present invention. 
0031. The communications transmitter 102 produces a 
transmitted communications signal 152 by encoding the 
information signals 150.1 through 150.K according to a 
known single stream communications standard, Such as, but 
not limited to, the Institute of Electrical and Electronics Engi 
neers (IEEE) 802.11aTM standard, the IEEE 802.11bTM stan 
dard, the IEEE 802.11gTM standard, and/or any other suitable 
single stream communications standard. The IEEE 
802.11aTM standard, the IEEE 802.11bTM standard, and the 
IEEE 802.11gTM standard are incorporated herein by refer 
ence in their entirety. As shown in FIG. 1A, the transmitted 
communications signal 152 represents a single stream com 
munication signal. In otherwords, the communications trans 
mitter 102 may encode the information signals 150.1 through 
150.Kto produce the transmitted communications signal 152. 
0032. The transmitted communications signal 152 passes 
through the communication channel 104 to produce received 
communication signals 154.1 through 154.N. The communi 
cation channel 104 may include, but is not limited to, a micro 
wave radio link, a satellite channel, a fiber optic cable, a 
hybrid fiber optic cable system, or a copper cable to provide 
Some examples. The communication channel 104 contains a 
propagation medium that the transmitted communications 
signal 152 passes through before reception by the communi 
cations receiver 106. The propagation medium of the com 
munication channel 104 introduces interference and/or dis 
tortion into the transmitted communications signal 152 to 
produce received communication signals 154.1 through 154. 
N. For example, noise such as, but not limited to, thermal 
noise, burst noise, impulse noise, interference, signal strength 
variations known as fading, phase shift variations, to provide 
Some examples, may introduce interference and/or distortion 
into the transmitted communications signal 152. In addition, 
the propagation medium of the communication channel 104 
may cause the transmitted communications signal 152 to 
reach the communications receiver 106 by multiple commu 
nication paths, reflecting from different objects, Surface 
areas, Surface boundaries, and interfaces in the communica 
tions environment 100. Potential causes of multipath propa 
gation may include, but are not limited, to atmospheric duct 
ing, ionospheric reflection and/or refraction, and/or reflection 
from terrestrial objects Such as mountains and/or buildings to 
provide some examples. 
0033. The communications receiver 106 may include at 
least one receiving antenna to capture the received commu 
nication signals 154.1 through 154.N. In an exemplary 
embodiment, the communications receiver 106 includes two 
receiving antenna to capture the received communication 
signals 154.1 through 154.2. The received communication 
signals 154.1 through 154.N represent the multiple commu 
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nication paths traversed by the transmitted communications 
signal 152 resulting from the multipath propagation intro 
duced by the communication channel 104. For example, the 
received communications signal 154.1 represents the trans 
mitted communications signal 152 as it traverses through a 
first communication path of the communication channel 104. 
Likewise, the received communications signal 154.N repre 
sents the transmitted communications signal 152 as it 
traverses through an N” communication path of the commu 
nication channel 104. The communications receiver 106 may 
recover the at least one information signal from the at least 
one transmitter user device to produce at least one recovered 
information signal, denoted as recovered information signals 
156.1 through 156.K., for at least one receiver user device by 
operating upon the received communication signals 154.1 
through 154.N according to the known single stream commu 
nications standard. The receiver user devices may include, but 
are not limited to, personal computers, data terminal equip 
ment, telephony devices, broadband media players, personal 
digital assistants, software applications, or any other medium 
capable of transmitting or receiving data. However, those 
skilled in the relevant art(s) will recognize that the recovered 
information signals 156.1 through 156.K may include a 
single recovered information signal. Such as the recovered 
information signal 156.1 to provide an example, without 
departing from the spirit and scope of the present invention. 
0034 FIG. 1B illustrates a block diagram of another com 
munications environment according to another exemplary 
embodiment of the present invention. A communications 
environment 120 is an exemplary representation of a mul 
tiple-input and multiple-output (MIMO) communications 
environment that includes the use of multiple transmit anten 
nas at a communications transmitter 108 and multiple receive 
antennas at the communications receiver 106. The commu 
nications environment 120 includes the communications 
transmitter 108 to transmit at least one information signal as 
received from at least one transmitter user device, denoted as 
information signals 160.1 through 160.K., to the communica 
tions receiver 106 via a communication channel 104. The 
transmitter user devices may include, but are not limited to, 
personal computers, data terminal equipment, telephony 
devices, broadband media players, personal digital assistants, 
Software applications, or any other medium capable of trans 
mitting or receiving data. However, those skilled in the rel 
evant art(s) will recognize that the information signals 160.1 
through 160.K may include a single information signal. Such 
as the information signal 160.1, without departing from the 
spirit and scope of the present invention. 
0035. The communications transmitter 108 produces 
transmitted communication signals 162.1 through 162.1 by 
encoding the information signals 160.1 through 160.K 
according to a known multiple stream communications stan 
dard such as, but not limited to, the IEEE 802.11nTM standard, 
and/or any other Suitable multiple stream communications 
standard. The IEEE 802.11nTM standard is incorporated 
herein by reference in its entirety. As shown in FIG. 1B, the 
transmitted communication signals 162.1 through 162.I 
together represent a multiple stream communication signal. 
The communications transmitter 108 may encode at least one 
of the information signals 160.1 through 160.K to produce the 
transmitted communication signals 162.1 through 162.I. For 
example, the communications transmitter 108 may encode 
the information signal 160.1 to produce the transmitted com 
munications signal 162.1. Alternatively, the communications 
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transmitter 108 may encode more than one of information 
signals 160.1 through 160.K to produce at least one transmit 
ted communication signal 162.1 through 162.I. For example, 
the communications transmitter 108 may encode the infor 
mation signal 160.1 and the information signal 160.2 to pro 
duce the transmitted communications signal 162.1. 
0036. The transmitted communication signals 162.1 
through 162.I pass through the communication channel 104 
to produce received communication signals 164.1 through 
164.N. The transmitted communication signals 162.1 
through 162.I may include a similar or a dissimilar number of 
communication signals as the received communication sig 
nals 164.1 through 164.N. The propagation medium of the 
communication channel 104 introduces interference and/or 
distortion into the transmitted communication signals 162.1 
through 162.I to produce the received communication signals 
164.1 through 164.N. For example, noise such as, but not 
limited to, thermal noise, burst noise, impulse noise, interfer 
ence, signal strength variations known as fading, phase shift 
variations, to provide Some examples, may introduce inter 
ference and/or distortion into the transmitted communication 
signals 162.1 through 162.I. In addition, the propagation 
medium of the communication channel 104 may cause each 
of transmitted communication signals 162.1 through 162.I to 
reach the communications receiver 106 by multiple commu 
nication paths, reflecting from different objects, Surface 
areas, Surface boundaries, and interfaces in the communica 
tions environment 120. Potential causes of multipath propa 
gation may include, without limitation, atmospheric ducting, 
ionospheric reflection and/or refraction, and/or reflection 
from terrestrial objects Such as mountains and/or buildings to 
provide some examples. 
0037 Referring back to FIG. 1B, the communications 
receiver 106 includes multiple receiving antenna to capture 
the received communication signals 164.1 through 164.N. In 
an exemplary embodiment, the communications receiver 106 
includes two receiving antennas to capture the received com 
munication signals 164.1 through 164.2. The received com 
munication signals 164.1 through 164.N represent the mul 
tiple communication paths traversed by each of the 
transmitted communication signals 162.1 through 162.1 
resulting from the multipath propagation introduced by the 
communication channel 104. For example, the received com 
munications signal 164.1 represents the transmitted commu 
nication signals 162.1 through 162.1 as they traverse through 
a first communication path of the communication channel 
104. Likewise, the received communications signal 164.N 
represents the transmitted communication signals 162.1 
through 162.I as they traverse through an N' communication 
path of the communication channel 104. 
0038. The communications receiver 106 may recover the 
at least one information signal from the at least one transmit 
ter user device to produce at least one recovered information 
signal, denoted as recovered information signals 166.1 
through 166.K., for at least one receiver user device by oper 
ating upon the received communication signals 164.1 through 
164.N according to the known multiple stream communica 
tions standard. The receiver user devices may include, but are 
not limited to, personal computers, data terminal equipment, 
telephony devices, broadband media players, personal digital 
assistants, Software applications, or any other medium 
capable of transmitting or receiving data. However, those 
skilled in the relevant art(s) will recognize that the recovered 
information signals 166.1 through 166. K may include a 
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single recovered information signal. Such as the recovered 
information signal 166.1 to provide an example, without 
departing from the spirit and scope of the present invention. 
0039. As shown in FIG. 1A and FIG. 1B, the communica 
tions receiver 106 may, according to the invention, operate in 
the SIMO communications environment represented by the 
communications environment 100 and/or the MIMO commu 
nications environment represented by the communications 
environment 120. However, this example is not limiting, the 
communications receiver 106 may operate in any Suitable 
communications environment that will be apparent to one 
skilled in the relevant art(s) without departing from the spirit 
and scope of the present invention. 

Exemplary Communications Receiver 
0040 FIG. 2 illustrates a block diagram of a communica 
tions receiver according to an exemplary embodiment of the 
present invention. More specifically, FIG. 2 illustrates a block 
diagram of an exemplary embodiment of the communications 
receiver 106 as shown in FIG. 1A and FIG. 1B. As will be 
understood by persons skilled in the relevant art(s) from the 
teachings provided herein, the communications receiver 106 
may be readily implemented inhardware, Software, or a com 
bination of hardware and software. For example, based on the 
teachings provided herein, a person skilled in the relevant 
art(s) could implement the communications receiver 106 via 
a combination of at least one application specific integrated 
circuit and a processor core for implementing Software com 
mands stored in at least one attached memory. However, this 
example is not limiting, and other implementations are within 
the scope and spirit of the present invention. 
0041. As shown in FIG. 2, the communications receiver 
106 includes receiving antennas 202.1 through 202.N., a radio 
receiver 204, a physical layer interface (PHY) 206, and a 
media access controller (MAC) 208. The receiving antennas 
202.1 through 202.N capture the received communications 
signals 154.1 through 154.N, the received communications 
signals 164.1 through 164.N. and/or any suitable combina 
tion thereof as shown in FIG. 1A through FIG. 1B. The 
receiving antennas 202.1 through 202.N convert either the 
received communications signals 154.1 through 154.N, the 
received communications signals 164.1 through 164.N. and/ 
or the suitable combination thereof from electromagnetic 
waves to modulated radio frequency (RF) currents, denoted 
as received communications signals 250.1 through 250.N in 
FIG. 2. For example, the receiving antenna 202.1 may pro 
duce the received communications signal250.1 by converting 
the received communications signal 154.1 from an electro 
magnetic wave to a modulated RF current. In an exemplary 
embodiment, the communications receiver 106 includes the 
receiving antennas 202.1 through 202.N. However, this 
example is not limiting, the receiving antenna 202 may 
include any suitable number of antenna without departing the 
Scope and spirit of the present invention. 
0042. The radio receiver 204 operates on the received 
communications signals 250.1 through 250.N to produce 
downconverted communications signals 252.1 through 252. 
N. For example, the radio receiver 204 may downconvert the 
received communications signals 250.1 through 250.N to 
baseband or any suitable intermediate frequency (IF) to pro 
duce the downconverted communications signals 252.1 
through 252.N. The radio receiver 204 may additionally per 
form functions such as, but not limited to, filtering, and/or 
automatic gain control (AGC). 
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0043. The PHY 206 provides an interface between the 
radio receiver 204 and the MAC 208. However, those skilled 
in the relevant art(s) will recognize that the PHY 206 may 
directly receive a basebandor near baseband communications 
signal, such as Asymmetric Digital Subscriber Line (ADSL) 
to provide an example, from the communication channel 104 
without departing from the spirit and scope of the present 
invention. In other words, herein the radio receiver 204 is 
optional, the PHY 206 may receive a communications signal, 
Such as the received communications signals 154.1 through 
154.N and/or the received communications signals 164.1 
through 164.N. directly from the communication channel 104 
via the receiving antennas 202.1 through 202.N. The PHY 
206 processes the downconverted communications signals 
252.1 through 252.N to produce decoded communications 
signals 254.1 through 254.M. More specifically, the PHY 206 
decodes the downconverted communications signals 252.1 
through 252.N to produce the decoded communications sig 
nal 254 according to the known single stream communica 
tions standard and/or the known multiple stream communi 
cations standard. In an exemplary embodiment, the PHY 206 
produces the decoded communications signal 254.1 and the 
decoded communications signal 254.2, wherein the decoded 
communications signal 254.1 corresponds to the received 
communications signals 164.1 through 164.N in the commu 
nications environment 120 as shown in FIG. 1B and the 
decoded communications signal 254.2 corresponds to the 
received communications signals 154.1 through 154.N in the 
communications environment 100 as shown in FIG. 1A. 
However, this example is not limiting, the decoded commu 
nications signals 254.1 through 254.M may include any suit 
able number of decoded communications signals without 
departing the scope and spirit of the present invention. 
0044) The MAC 208 may produce at least one recovered 
information signal, denoted as recovered information signals 
256.1 through 256.K., for at least one receiver user device by 
operating upon the decoded communications signals 254.1 
through 254.M according to the known single stream com 
munications standard and/or the known multiple stream com 
munications standard. The recovered information signals 
256.1 through 256.K may represent the recovered informa 
tion signals 156.1 through 156. Kas discussed in the commu 
nications environment 100 of FIG. 1A, the recovered infor 
mation signals 166.1 through 166. K as discussed in the 
communications environment 120 of FIG. 1B, and/or any 
suitable combination thereof. The MAC 208 may process at 
least one decoded communications signal 254.1 through 
254.M according to the known single stream communications 
standard and/or the known multiple stream communications 
standard to produce at least one recovered information signal 
256.1 through 256.K. For example, the MAC 208 may pro 
cess decoded communications signals 254.1 through 254.4 
according to the known single stream communications stan 
dard and/or the known multiple stream communications stan 
dard to produce the recovered information signal 256.1. 
Alternatively, the MAC 208 may process the decoded com 
munications signal 254.1 according to the known single 
stream communications standard and/or the known multiple 
stream communications standard to produce the recovered 
information signals 256.1 and 256.2. The MAC 208 may 
additionally, without limitation, provide addressing and 
channel access control mechanisms that make it possible for 
multiple terminals or network nodes to communicate within 
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the multipoint network, typically a local area network (LAN), 
metropolitan area network (MAN), or a wide area network 
(WAN). 

Exemplary Physical Layer Interface 
0045 FIG.3 illustrates a block diagram of a physical layer 
interface (PHY) according to an exemplary embodiment of 
the present invention. A PHY 300 provides an interface 
between a media access controller, such as the MAC 208, and 
a communication channel. Such as the communication chan 
nel 104, in accordance with the known single stream commu 
nications standard and/or the known multiple stream commu 
nications standard. The PHY 300 may represent an 
exemplary embodiment of the PHY 206 as shown in FIG. 2. 
0046. The PHY 300 includes an analog to digital converter 
(ADC) 302, a receiver filter 304, a multiple stream baseband 
processing module 306, and a single stream baseband pro 
cessing module 308. The ADC 302 produces digital commu 
nication signals 350.1 through 350.N based on the downcon 
verted communication signals 252.1 through 252.N. More 
specifically, the ADC 302 converts the downconverted com 
munication signals 252.1 through 252.Nfrom an analog rep 
resentation to a digital representation to produce the digital 
communication signals 350.1 through 350.N. 
0047. The receiver filter 304 produces encoded multiple 
stream communication signals 352.1 through 352.Nbased on 
the digital communication signals 350.1 through 350.N. 
More specifically, the receiver filter 304 filters out of band 
noise and/or interference from the digital communication 
signals 350.1 through 350.N. The out of band noise and/or 
interference may result from, without limitation, noise and/or 
interference resulting from the communication channel 104. 
noise and/or interference resulting from the radio receiver 
204 and/or the ADC 302, and/or noise and/or interference 
resulting from adjacent channels in the received communica 
tion signals 154.1 through 154.Nand/or the received commu 
nication signals 164.1 through 164.N to provide some 
examples. The receiver filter 304 is described in further detail 
below in FIG. 6 through FIG. 11. 
0048. The multiple stream baseband processing module 
306 produces the decoded communications signal 254.1 
based on the digital communication signals 350.1 through 
350.N and/or the encoded multiple stream communication 
signals 352.1 through 352.N. The functionality of the mul 
tiple stream baseband processing module 306 may include, 
without limitation, calculating the magnitude of at least one 
digital communication signal 350.1 through 350.N. detecting 
the presence of the multiple stream communications signal 
from the encoded multiple stream communication signals 
352.1 through 352.N. and/or decoding of the encoded mul 
tiple stream communication signals 352.1 through 352.N 
according to the known multiple stream communications 
standard. 
0049. The multiple stream baseband processing module 
306 may calculate or gather at least one signal metric, such as 
but not limited to, the mean, the total energy, the average 
power, the mean square, the instantaneous power, the root 
mean square, the variance, the norm, and/or any other Suitable 
signal metric to provide Some examples, of at least one digital 
communication signal 350.1 through 350.N. The multiple 
stream baseband processing module 306 may generate a 
single stream selection signal 354 based upon the at least one 
signal metric to be used by the single stream baseband pro 
cessing module 308 N to select one of the digital communi 
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cation signals 350.1 through 350.Nand/or one of the encoded 
multiple stream communication signals 352.1 through 352.N. 
The multiple stream baseband processing module 306 may 
generate a radio adjustment signal 356 to adjust again of the 
radio receiver 204 based on the at least one signal metric. 
Further discussion of multiple stream baseband processing 
module 306 is disclosed in U.S. patent application Ser. No. 

(SKGF Ref No. 2875. 1600001), entitled “Carrier 
Selection for Multiple Antennas, filed on , which is 
incorporated by reference in its entirety. 
0050. The single stream baseband processing module 308 
produces the decoded communications signal 254.2 based on 
the digital communication signals 350.1 through 350.N, the 
encoded multiple stream communication signals 352.1 
through 352.N. and/or the single stream selection signal 354. 
More specifically, the single stream baseband processing 
module 308 selects one of the digital communication signals 
350.1 through 350.N or one of the encoded multiple stream 
communication signals 352.1 through 352.N based upon the 
single stream selection signal 354 to produce an encoded 
single stream communication signal. The single stream base 
band processing module 308 may include, without limitation, 
the detection of the presence of the single stream communi 
cations signal from the encoded single stream communica 
tions signal and/or decode the single stream communications 
signal in accordance with the single stream communications 
standard to provide Some examples. Further discussion of the 
single stream baseband processing module 308 is disclosed in 
U.S. patent application Ser. No. (SKGF Ref No. 
2875. 1600001), entitled “Carrier Selection for Multiple 
Antennas, filed on , which is incorporated by refer 
ence in its entirety. 

Exemplary Radio Receiver 

0051 FIG. 4 illustrates a block diagram of a radio receiver 
according to an exemplary embodiment of the present inven 
tion. A radio receiver 400 operates on the received commu 
nication signals 250.1 through 250.N as captured from a 
communication channel. Such as the communication channel 
104 to provide an example, by receiving antennas 202.1 
through 202.N to produce downconverted communication 
signals 252.1 through 252.N. For example, the radio receiver 
400 may downconvert the received communication signals 
250.1 through 250.N to baseband or any suitable intermediate 
frequency (IF) to produce the downconverted communication 
signals 252.1 through 252.N. The radio receiver 400 may 
additionally perform functions such as, but not limited to, 
filtering, and/or automatic gain control (AGC). The radio 
receiver 400 may represent an exemplary embodiment of the 
radio receiver 204 as shown in FIG. 2. 

0052. The radio receiver 400 includes radio receiver 
chains 402.1 through 402.N. each radio receiver chain is 
configured to receive a corresponding received communica 
tions signal 250.1 through 250.N and to produce a corre 
sponding downconverted communications signal 252.1 
through 252.N. In an exemplary embodiment, each receiving 
antenna 202.1 through 202.N is coupled to a corresponding 
radio receiver chain 402.1 through 402.N. However, this 
example is not limiting, those skilled in the relevant art(s) will 
recognize that receiving antenna 202.1 through 202.N may be 
coupled to at least one corresponding radio receiver chain 
402.1 through 402.N without departing from the spirit and 
scope of the present invention. The radio receiver chains 
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402.1 through 402.N operate in a substantially similar man 
ner, thus only radio receiver chain 402.1 will be described in 
further detail. 

0053. The radio receiver chain 402.1 includes a low noise 
amplifier (LNA) 402.1, a mixer 406.1, a receiver filter 408.1, 
and a variable gain amplifier (VGA) 410.1. The LNA 404.1 
receives the received communications signal 250.1 as cap 
tured from a communication channel. Such as the communi 
cation channel 104 to provide an example, by the receiving 
antenna 202.1. The LNA 404.1 amplifies or attenuates the 
received communications signal 250.1 by a LNA gain, 
denoted as LNA, in FIG. 4, to produce an attenuated commu 
nications signal 450.1. 
0054 The mixer 406.1 downconverts the attenuated com 
munications signal 450.1 to baseband or any suitable inter 
mediate frequency (IF) to produce the downconverted com 
munications signal 452.1 based on a local oscillator (LO) 
reference frequency 456.1. The local oscillator (LO) refer 
ence frequencies 456.1 through 456.N may be similar and/or 
dissimilar in frequency to each other. For example, all of the 
LO reference frequencies 456.1 through 456.N may be simi 
lar in frequency or at least one group of the LO reference 
frequencies 456.1 through 456.N may be similar in fre 
quency. Those skilled in the relevant art(s) will recognize that 
the functionality of the LNA 404.1 and the mixer 406.1, as 
described above, may be implemented using a low-noise 
block (LNB) without departing from the spirit and scope of 
the present invention. 
0055. The receiver filter 408.1 produces a filtered commu 
nications signal 454.1 based on the downconverted commu 
nications signal 452.1. More specifically, the receiver filter 
408.1 filters out of band noise and/or interference from the 
downconverted communications signal 452.1. The out of 
band noise and/or interference may result from, without limi 
tation, noise and/or interference resulting from the commu 
nication channel 104, noise and/or interference resulting 
from the LNA 404.1 and/or the mixer 406.1, and/or noise 
and/or interference resulting from adjacent channels in the 
received communication signals 154.1 through 154.N and/or 
the received communication signals 164.1 through 164.N to 
provide some examples. The receiver filter 408.1 is described 
in further detail below in FIG. 6 through FIG. 11. 
0056. The VGA 410.1 amplifies or attenuates the filtered 
communications signal 454.1 by a VGA gain, denoted as 
VGA, in FIG. 4, to produce the downconverted communica 
tions signal 252.1. The VGA gain may be dynamically 
adjusted in response to a radio receiver gain control signal 
458.1. The radio receiver gain control signals 458.1 through 
458.N may be similar and/or dissimilar to each other. For 
example, all of the radio receiver gain control signals 458.1 
through 458.N may be similar causing all of the VGAs 410.1 
through 410.N to have a substantially similar gain or at least 
one radio receiver gain control signal 458.1 through 458.N 
may be similar causing at least one of the VGAs 410.1 
through 410.N to have a substantially similar gain. The radio 
receiver gain control signals 458.1 through 458.N may rep 
resent an exemplary embodiment of the radio adjustment 
signal 356 as described in FIG.3. The radio adjustment signal 
356 may include a single radio adjustment signal 356 coupled 
to all of the radio receiver gain control signals 458.1 through 
458.N or at least one radio adjustment signal 356 coupled to 
at least one radio receiver gain control signal 458.1 through 
458.N. 
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0057. From the discussion above, a communications 
transmitter, Such as the communications transmitter 102 to 
provide an example, produces a transmitted communication 
signal. Such as the transmitted communications signal 152 to 
provide an example, by encoding at least one information 
signal, such as the information signals 150.1 through 150.K to 
provide an example. The known single stream communica 
tions standard encodes the information signals into at least 
one formatted blocks of data or packets according to the 
known single stream communications standard. 

Exemplary Communications Packets 
0.058 FIG. 5A illustrates a single stream communications 
packet according to the known single stream communications 
standard. A single stream communications packet 500 may 
include at least one single stream signal field Such as, but not 
limited to, a single stream preamble 502, a single stream 
signal field 506, and/or a single stream single stream infor 
mation payload 508 to provide some examples. However, this 
example is not limiting, those skilled in the relevant art(s) will 
recognize that the single stream communications packet 500 
may include a lesser number or a greater number of signal 
fields according to the single stream communications stan 
dard without departing from the spirit and scope of the present 
invention. 
0059. The single stream preamble 502 includes a single 
stream training sequence 504 and a single stream signal field 
506. Typically, the single stream training sequence 504 is 
included at a start of the single stream communications packet 
500 to provide time synchronization for the single stream 
baseband processing module 308 in accordance with the 
known single stream communications standard. The known 
single stream communications standard may provide for a 
short training sequence and/or a long training sequence. A 
communication receiver, Such as the communications 
receiver 106 to provide an example, may use the short training 
sequence for, but not limited to, signal detection, automatic 
gain control, diversity selection, coarse frequency offset esti 
mation and/or timing synchronization to provide some 
examples. Likewise, the communication receiver may use the 
long training sequence for, but not limited to, communication 
channel estimation and/or fine frequency offset estimation to 
provide some examples. 
0060. The single stream signal field 506 determines char 
acteristics of the single stream information payload 508. The 
single stream signal field 506 may indicate the information 
relating to modulation of the single stream information pay 
load 508. For example, the single stream signal field 506 may 
convey information about the type of modulation of the single 
stream information payload 508, a coding rate of the single 
stream information payload 508, a length of the single stream 
information payload 508, or any other suitable characteristic 
of the single stream information payload 508. 
0061 The communications transmitter may further 
encode the transmitted communications signal according to 
the known single stream communications standard for trans 
mission to the communication receiver over a communica 
tions channel. Such as the communications channel 104 to 
provide an example. For example, the known single stream 
communications standard, such as the IEEE 802.11a TM stan 
dard to provide an example, may orthogonal frequency divi 
sion multiplex (OFDM) the transmitted communications sig 
nal for transmission to the communication receiver over the 
communications channel. However, this example is not lim 
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iting, those skilled in the relevant art(s) will recognize that the 
communications transmitter may encode the transmitted 
communications signal according to any Suitable known 
single stream communication standard for transmission to the 
communication receiver over the communications channel 
without departing from the spirit and scope of the present 
invention. For example, those skilled in the relevant art(s) 
may encode the transmitted communications signal accord 
ing to the IEEE 802.11bTM standard or the IEEE 802.11gTM 
standard differently in accordance with the teachings herein 
without departing from the spirit and scope of the present 
invention. 

0062 FIG. 5B illustrates a frequency domain representa 
tion of the single stream communications packet encoded in 
accordance with the IEEE 802.11aTM standard. Orthogonal 
frequency division multiplexing (OFDM) is a digital multi 
carrier scheme that uses multiple orthogonal Sub-carriers 
spaced apart at different frequencies. Each Sub-carrier may be 
modulated using any one of a number of modulation schemes, 
such as binary phase-shift keying (BPSK), quadrature PSK 
(QPSK), 16-level quadrature amplitude modulation 
(16-QAM), or 64-level QAM (64-QAM) to provide some 
examples, at a low symbol rate. 
0063. The single stream communications packet 500 
encoded in accordance with the IEEE 802.11aTM Standard 
includes 52 sub-carriers, denoted as sub-carrier -26 through 
sub-carrier 26. The single stream communications packet 500 
includes the single stream training sequence 504 and the 
single stream information payload 508. Those skilled in the 
relevant art(s) will recognize that magnitudes and/or fre 
quency characteristics of the single stream training sequence 
504, the single stream information payload 508, and the IEEE 
802.11aTM Standard Sub-carriers as shown in FIG.SB are for 
demonstrative purposes only. The IEEE 802.11aTM standard 
encodes the single stream training sequence 504 onto Sub 
carrier-24 through Sub-carrier 24, denoted as a single stream 
training sequence bandwidth 552. On the other hand, the 
IEEE 802.11aTM standard encodes the single stream infor 
mation payload 508 onto sub-carrier-26 through sub-carrier 
26, denoted as a single stream information payload band 
width 554 in accordance with the IEEE 802.11a TM Standard. 
The single stream training sequence bandwidth 552 is sub 
stantially less than the single stream information payload 
bandwidth 554. 

0064. From the discussion above, a communications 
transmitter, Such as the communications transmitter 102 to 
provide an example, produces a transmitted communication 
signal. Such as the transmitted communications signal 162 to 
provide an example, by encoding at least one information 
signal, such as the information signals 160.1 through 160.K to 
provide an example. The known multiple stream communi 
cations standard encodes the information signals into at least 
one formatted blocks of data or packets according to the 
known multiple stream communications standard. 
0065 FIG. 6A illustrates a multiple stream communica 
tions packet according to the known multiple stream commu 
nications standard. A multiple stream communications 
packet 600 may include at least one multiple stream signal 
field such as, but not limited to, a multiple stream preamble 
602, a multiple stream signal field 606, and/or a multiple 
stream information payload 608 to provide some examples. 
However, this example is not limiting, those skilled in the 
relevant art(s) will recognize that the multiple stream com 
munications packet 600 may include a lesser number or a 
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greater number of signal fields according to the multiple 
stream communications standard without departing from the 
spirit and scope of the present invention. 
0066. The multiple stream preamble 602 includes a mul 
tiple stream training sequence 604 and a multiple stream 
signal field 606. The multiple stream training sequence 604 
may be included at a start of the multiple stream communi 
cations packet 600 to provide time synchronization for the 
multiple stream baseband processing module 306 in accor 
dance with the known multiple stream communications stan 
dard. The known multiple stream communications standard 
may provide for a short training sequence and/or a long train 
ing sequence. A communication receiver, such as the com 
munications receiver 106 to provide an example, may use the 
short training sequence for, but not limited to, signal detec 
tion, automatic gain control, diversity selection, coarse fre 
quency offset estimation and/or timing synchronization to 
provide some examples. Likewise, the communication 
receiver may use the long training sequence for, but not lim 
ited to, communication channel estimation and/or fine fre 
quency offset estimation to provide some examples. 
0067. The multiple stream signal field 606 determines 
characteristics of the multiple stream information payload 
608. The multiple stream signal field 606 may indicate the 
information relating to modulation of the multiple stream 
information payload 608. For example, the multiple stream 
signal field 606 may convey information about the type of 
modulation of the multiple stream information payload 608, a 
coding rate of the multiple stream information payload 608, a 
length of the multiple stream information payload 608, or any 
other suitable characteristic of the multiple stream informa 
tion payload 608. 
0068. The communications transmitter may further 
encode the transmitted communications signal according to 
the known multiple stream communications standard for 
transmission to the communication receiver over a commu 
nications channel, such as the communications channel 104 
to provide an example. For example, the known multiple 
stream communications standard, such as the IEEE 
802.11nTM standard to provide an example, may orthogonal 
frequency division multiplex (OFDM) the transmitted com 
munications signal for transmission to the communication 
receiver over the communications channel. However, this 
example is not limiting, those skilled in the relevant art(s) will 
recognize that the communications transmitter may encode 
the transmitted communications signal according to any Suit 
able known multiple stream communication standard for 
transmission to the communication receiver over the commu 
nications channel without departing from the spirit and scope 
of the present invention. 
0069 FIG. 6B illustrates a frequency domain representa 
tion of the multiple stream communications packet encoded 
in accordance with the IEEE 802.11nTM Standard. The mul 
tiple stream communications packet 600 encoded in accor 
dance with the IEEE 802.11nTM Standard includes 56 Sub 
carriers, denoted as sub-carrier -28 through sub-carrier 28. 
The multiple stream communications packet 600 includes the 
multiple stream training sequence 604 and the multiple 
stream information payload 608. Those skilled in the relevant 
art(s) will recognize that magnitudes and/or frequency char 
acteristics of the multiple stream training sequence 604, the 
multiple stream information payload 608, and the IEEE 802. 
11nTM standard sub-carriers as shown in FIG. 6B are for 
demonstrative purposes only. The IEEE 802.11nTM standard 
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encodes the multiple stream training sequence 604 onto Sub 
carrier -24 through sub-carrier 24, denoted as a multiple 
stream training sequence bandwidth 652. On the other hand, 
the IEEE 802.11nTM standard through sub-carrier 28, denoted 
as a multiple stream information payloadbandwidth 654 in 
accordance with the IEEE 802.11nTM standard. The multiple 
stream training sequence bandwidth 652 is substantially less 
than the multiple stream information payloadbandwidth 654. 

Exemplary Receiver Filters 

0070 FIG. 7A illustrates a receiver filter according to an 
exemplary embodiment of the present invention. A receiver 
filter 700 may represent an exemplary embodiment of fre 
quency domain representation of the receiver filter 304 as 
discussed in FIG. 3 and/or the receiver filters 408.1 through 
408.N as discussed in FIG. 4. The receiver filter 700 may be 
implemented using any Suitable known filter topology that is 
capable of selecting among two or more receiver filter band 
widths. For example, the receiver filter 700 may be imple 
mented as, but is not limited to, a digital filter with one or 
more selectable sets of filter coefficients or an analog filter 
with one or more selectable sets of passive elements such as 
capacitors or inductors to provide Some examples. 
(0071. The receiver filter 700 filters the single stream com 
munications packet 500, as discussed in FIG.5A and FIG.5B, 
including at least one received single stream signal field Such 
as the single stream training sequence 504 and/or the single 
stream information payload 508 to provide some examples 
and/or the multiple stream communications packet 600, as 
discussed in FIG. 6A and FIG. 6B, including at least one 
received multiple stream signal field Such as the multiple 
stream training sequence 604 and/or the multiple stream 
information payload 608 to provide some examples, to pro 
duce a filtered stream communications packet 750. 
0072. The receiver filter 700 may include at least one 
receiver filter bandwidth for at least one single stream signal 
field and/or at least one multiple stream signal field. Alterna 
tively, the receiver filter 700 may include a corresponding 
receiver filter bandwidth for more than one single stream 
signal field and/or at least one multiple stream signal field. 
FIG. 7B illustrates a frequency domain representation of the 
receiver filter according to an exemplary embodiment of the 
present invention. The frequency domain representation of 
the receiver filter 700 may represent an exemplary embodi 
ment of a frequency domain representation of the receiver 
filter 304 as discussed in FIG. 3 and/or a frequency domain 
representation of at least one of the receiver filters 408.1 
through 408.N as discussed in FIG. 4. 
0073. The receiver filter 700 may include a training 
sequence bandwidth 702, a single stream information pay 
load bandwidth 704, and/or a multiple stream information 
payloadbandwidth 706. However, this example is not limit 
ing, those skilled in the relevant art(s) will recognize that the 
receiver filter 700 may include any suitable number of 
receiver filter bandwidths as provided by the known single 
stream communications standard and/or the known multiple 
stream communications standard without departing from the 
spirit and scope of the present invention. Those skilled in the 
relevant art(s) will recognize that magnitudes and/or fre 
quency characteristics of the training sequence bandwidth 
702, the single stream information payloadbandwidth 704, 
and/or the multiple stream information payload bandwidth 
706 as shown in FIG.7B are for demonstrative purposes only. 
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0074 The training sequence bandwidth 702 corresponds 
to the single stream training sequence bandwidth 552 and/or 
the multiple stream training sequence bandwidth 652. As a 
result, the receiver filter 700 may dynamically select the 
training sequence bandwidth 702 to filter the single stream 
training sequence 504 and/or the multiple stream training 
sequence 604. Alternatively, the receiver filter 700 may 
dynamically select the training sequence bandwidth 702 to 
filter the single stream preamble 502 in its entirety and/or the 
multiple stream preamble 602 in its entirety. Likewise, the 
single stream information payload bandwidth 704 corre 
sponds to the single stream information payloadbandwidth 
554. As a result, the receiver filter 700 may dynamically select 
the single stream information payloadbandwidth 704 to filter 
the single stream information payload 508. Similarly, the 
multiple stream information payload bandwidth 706 corre 
sponds to the multiple stream information payloadbandwidth 
654. As a result, the receiver filter 700 may dynamically select 
the multiple stream information payload bandwidth 706 to 
filter the multiple stream information payload 608. 
0075. However, these examples are not limiting, the 
receiver filter 700 may select any one of the at least one 
receiver filter bandwidths for at least one single stream signal 
field and/or at least one multiple stream signal field without 
departing from the spirit and scope of the present invention. 
For example, the receiver filter 700 may dynamically select 
the training sequence bandwidth 702 to filter the single 
stream training sequence 504 and/or the multiple stream 
training sequence 604. The receiver filter 700 may dynami 
cally select the single stream information payloadbandwidth 
554 to filter some of the single stream preamble 502 and/or 
the single stream information payload 508 and/or the receiver 
filter 700 may dynamically select the multiple stream infor 
mation payloadbandwidth 654 to filter some of the multiple 
stream preamble 602 and/or the multiple stream information 
payload 608. 
0076 A signal to noise ratio (SNR) of a communications 
signal. Such as, but not limited to, at least one of the encoded 
multiple stream communication signals 352.1 through 352.N 
or at least one of the filtered communications signals 454.1 
through 454...N to provide Some examples, represents a ratio 
of a power of the communications signal in a spectral band 
width to a power of noise and/or interference in the spectral 
bandwidth. The SNR of the communications signal may be 
expressed as: 

PsiCNAL (1) 
SNR = 

PNOISE 

where SNR represents the SNR of the communications sig 
nal, Psy represents the power of the communications 
signal in the spectral bandwidth, and Prs represents the 
power of noise and/or interference in the spectral bandwidth. 
0077. A conventional receiver filter typically includes a 
conventional receiver filter bandwidth having a single or indi 
vidual receiver filter bandwidth approximating the multiple 
stream information payload bandwidth 654. More specifi 
cally, the conventional receiver filter bandwidth is the largest 
or greatest of the single stream training sequence bandwidth 
552, the single stream information payloadbandwidth 554, 
the multiple stream training sequence bandwidth 652, or the 
multiple stream information payload bandwidth 654. The 
conventional receiver filter filters the single stream commu 
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nications packet 500 and/or the multiple stream communica 
tions packet 600 in their entirety using the conventional 
receiver filter bandwidth. In other words, the conventional 
receiver filter filters the single stream preamble 502, the 
single stream signal field 506, and/or the single stream single 
stream information payload 508 corresponding to the single 
stream communications packet 500 and/or the multiple 
stream preamble 602, the multiple stream signal field 606, 
and/or the multiple stream information payload 608 corre 
sponding to the multiple stream communications packet 600 
using one of the single stream training sequence bandwidth 
552, the single stream information payloadbandwidth 554, 
the multiple stream training sequence bandwidth 652, or the 
multiple stream information payloadbandwidth 654 having 
the largest bandwidth. As a result, the SNR of the conven 
tional receiver filter may be substantially less than the SNR of 
the receiver filter 700 for one or more signal fields. For 
example, the SNR of the single stream training sequence 504 
and/or the multiple stream training sequence 604 for the 
conventional receiver filter including the bandwidth of the 
multiple stream information payloadbandwidth 654 may be 
given as: 

P 2 SNR = TRAWING (2) 
PcONVENTIONAL 

where SNR represents SNR ratio for the single stream train 
ing sequence 504 and/or the multiple stream training 
sequence 604, Priv represents a power of the single 
stream training sequence 504 and/or the multiple stream 
training sequence 604, and Poveyroval represents a 
power of a bandwidth of the conventional receiver filter, 
usually one of the single stream training sequence bandwidth 
552, the single stream information payloadbandwidth 554, 
the multiple stream training sequence bandwidth 652, or the 
multiple stream information payloadbandwidth 654 having 
the largest bandwidth. For example, Powevtzov repre 
sents usually represents a power of the bandwidth the mul 
tiple stream information payloadbandwidth 654 representing 
abandwidth of the multiple stream single stream information 
payload 608. The spectral difference between the bandwidth 
of the conventional receiver filter and a bandwidth of the 
single stream training sequence 504 or a bandwidth of the 
multiple stream training sequence 604 represents a noise 
contribution to the SNR resulting from a substantial excess 
bandwidth in the conventional receiver filter. From the 
exampleabove.thedifferencebetween Previvo,andPoovy 
TIONAL represents the Substantial excess bandwidth in the 
conventional receiver filter that does not contain any Substan 
tial power of the signal of interest, namely the single stream 
training sequence bandwidth 552 or the multiple stream train 
ing sequence bandwidth 652. 
0078. From the discussion above, the receiver filter 700 
may dynamically select among one or more bandwidths 
based upon the one signal field to Substantially increase the 
SNR as compared to the conventional receiver filter. The one 
or more dynamically selectable bandwidths more closely 
approximate a signal of interest when compared to the con 
ventional receiver filter. For example, the SNR of the single 
stream training sequence 504 and/or the multiple stream 
training sequence 604 for the receiver filter 700 may be given 
aS 
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PRAINING (3) 
SNR = 

PRECEIVER 

where SNR represents SNR ratio for the single stream train 
ing sequence 504 and/or the multiple stream training 
sequence 604, Prix represents a power of the single 
stream training sequence 504 and/or the multiple stream 
training sequence 604, and Petz represents a power of a 
bandwidth of the receiver filter 700. A difference between 

P, and Preceiver is substantially less than or equal to the 
difference between Previvo, and Pow-Evroval, as dis 
cussed above, resulting in Substantially less excess bandwidth 
when compared to the conventional receiver filter, thereby 
increasing the SNR of the receiver filter 700. 

Exemplary Operation of the Communications 
Environments 

(0079 FIG. 8 is a flowchart 800 of exemplary operational 
steps of a communications environment according to an 
aspect of the present invention. The invention is not limited to 
this operational description. Rather, it will be apparent to 
persons skilled in the relevant art(s) from the teachings herein 
that other operational control flows are within the scope and 
spirit of the present invention. The following discussion 
describes the steps in FIG. 8. 
0080. At step 802, one or more communications signals, 
Such as the transmitted communications signal 152 and/or the 
transmitted communications signal 162.1 through 162.I. are 
generated from one or more information signals as received 
from one or more transmitter user devices. Such as the infor 
mation signals 150.1 through 150.K and/or the information 
signals 160.1 through 160.K. More specifically, the one or 
more information signals are encoded according to a known 
single stream communications standard, Such as, but not lim 
ited to, the IEEE 802.11aTM standard, the IEEE 802.11bTM 
standard, the IEEE 802.11gTM standard, and/or any other 
Suitable single stream communications standard and/or a 
known multiple stream communications standard. Such as, 
but not limited to, the IEEE 802.11nTM standard, and/or any 
other Suitable multiple stream communications standard to 
produce the one or more communications signals. 
I0081. At step 804, the one or more communications sig 
nals from step 802 are transmitted as a single stream commu 
nications signal according to the known single stream com 
munications standard to produce the one or more 
communications signals from step 802 Alternatively, the one 
or more communications signals from step 802 are transmit 
ted as a multiple stream communications signal according to 
the known multiple stream communications standard. 
I0082. At step 806, the one or more communications sig 
nals from step 804 traverse through a communication chan 
nel. Such as the communication channel 104. The communi 
cation channel may include, but is not limited to, a microwave 
radio link, a satellite channel, a fiber optic cable, a hybrid fiber 
optic cable system, or a copper cable to provide some 
examples. The communication channel contains a propaga 
tion medium that the one or more communications signals 
from step 804 pass through before reception. The propagation 
medium of the communication channel introduces interfer 
ence and/or distortion into the communications signal. For 
example, noise Such as, but not limited to, thermal noise, burst 
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noise, impulse noise, interference, signal strength variations 
known as fading, phase shift variations, to provide some 
examples, may introduce interference and/or distortion into 
the communications signal. In addition, the propagation 
medium of the communication channel may cause the one or 
more communications signals to propagate onto multiple 
communication paths, reflecting from different objects, Sur 
face areas, Surface boundaries, and interfaces in the commu 
nications environment. Potential causes of multipath propa 
gation may include, but are not limited, to atmospheric 
ducting, ionospheric reflection and/or refraction, and/or 
reflection from terrestrial objects such as mountains and/or 
buildings to provide Some examples. 
0083. At step 808, the one or more communications sig 
nals from step 806 are received. The one or more communi 
cations signals from step 806 are received as either a single 
stream communications signal and/or a multiple stream com 
munications signal. The multiple communication paths tra 
versed by the one or more communications signals from step 
806 resulting from the multipath propagation introduced by 
the communication channel may be received. For example, 
the multiple communication paths of the one or more com 
munications signals from step 806 transmitted as the single 
stream communications signal may be received as it traverses 
through the communication channel. Likewise, the multiple 
communication paths of the one or more communications 
signals from step 806 transmitted as the multiple stream com 
munications signal may be received as it traverses through the 
communication channel. 

0084. At step 810, one or more information signals, such 
as the recovered information signals 156.1 through 156.K 
and/or the recovered information signals 166.1 through 
166. K to provide some examples, are recovered from the one 
or more communications signals from step 808 to produce 
one or more recovered information signals. The one or more 
communications signals from step 808 are operated upon 
according to the known single stream communications stan 
dard and/or the known multiple stream communications stan 
dard to recover the one or more information signals. 

Exemplary Operation of the Communications 
Receiver 

I0085 FIG. 9 is a flowchart 900 of exemplary operational 
steps of a communications receiver according to an aspect of 
the present invention. FIG.9 further defines steps 808 and 810 
as shown in FIG. 8. The invention is not limited to this 
operational description. Rather, it will be apparent to persons 
skilled in the relevant art(s) from the teachings herein that 
other operational control flows are within the scope and spirit 
of the present invention. The following discussion describes 
the steps in FIG. 9. At step 902, one or more communications 
signals, such the received communications signals 154.1 
through 154.N and/or the received communications signals 
164.1 through 164.N to provide some examples, are received 
to produce one or more received communications signals, 
Such as the received communications signals 250.1 through 
250.N to provide some examples. More specifically, the one 
or more communications signals are received as they traverse 
through a communication channel. Such as the communica 
tion channel 104. The one or more communications signals 
may include one or more single stream communications sig 
nals, one or more multiple stream communications signals, 
and/or any combination thereof. 
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I0086. At step 904, the one or more frames of one or more 
communications signals from step 902 are operated on to 
produce one or more downconverted communications sig 
nals, such as the downconverted communications signals 
252.1 through 252.N to provide an example. For example, the 
one or more communications signals from step 902 may be 
downconverted to baseband or any suitable intermediate fre 
quency (IF) to produce the downconverted communications 
signals. However, those skilled in the relevant art(s) will 
recognize that step 904 is optional, the operational control 
may flow directly from step 902 to step 906 for a baseband 
and/or a near baseband communication. 
I0087. At step 906, the one or more communications sig 
nals from step 904 are decoded to produce one or more 
decoded communications signals, such as the decoded com 
munications signals 254.1 through 254.M to provide an 
example. Alternatively, the one or more communications sig 
nals from step 902 may be directly decoded to produce the 
one or more decoded communications signals. More specifi 
cally, the one or more communications signals from step 902 
and/or the one or more communications signals from step 904 
are decoded to produce the one or more decoded communi 
cations signals according to the known single stream com 
munications standard and/or the known multiple stream com 
munications standard. If the one or more communications 
signals from step 902 and/or the one or more communications 
signals from step 904 includes the single stream communica 
tions signal, the one or more communications signals from 
step 902 and/or the one or more communications signals from 
step 904 are decoded according to the known single stream 
communications standard. If the one or more communica 
tions signals from step 902 and/or the one or more commu 
nications signals from step 904 includes the multiple stream 
communications signal, the one or more communications 
signals from step 902 and/or the one or more communications 
signals from step 904 are decoded according to the known 
multiple stream communications standard. 
I0088 At step 908, one or more information signals, such 
as the recovered information signals 256.1 through 256.K to 
provide an example, are recovered by operating on the com 
munications signal from step 906 according to the known 
single stream communications standard and/or the known 
multiple stream communications standard. 

Exemplary Operation of the Receiver Filter 
I0089 FIG. 10 is a flowchart 1000 of exemplary opera 
tional steps of the receiver filter according to an exemplary 
embodiment of the present invention. FIG. 10 further defines 
steps 904 and 906 as shown in FIG. 9. The invention is not 
limited to this operational description. Rather, it will be 
apparent to persons skilled in the relevant art(s) from the 
teachings herein that other operational control flows are 
within the scope and spirit of the present invention. The 
following discussion describes the steps in FIG. 9. 
0090. At step 1002, one or more communications signals, 
Such as the digital communication signals 350.1 through 
350.N and/or the downconverted communications signal 
452.1 through 452.N to provide some examples, is received. 
The one or more communications signals may be encoded 
according to a known single stream communications standard 
and/or a known multiple stream communications standard. 
The known single stream communications standard and/or 
the known multiple stream communications standard 
encodes the one or more communications signals into at least 



US 2008/0310336A1 

one formatted block of data or packet to produce a single 
stream communications packet, such as the single stream 
communications packet 500, and/or a multiple stream com 
munications packet, such as the multiple stream communica 
tions packet 600. The single stream communications packet 
and or the multiple stream communications packet includes at 
least one signal field Such as, but not limited to, a multiple 
stream preamble, a multiple stream signal field, a multiple 
stream information payload, a single stream preamble, a 
single stream signal field, and/or a single stream single stream 
information payload to provide Some examples. 
0091 At step 1004, the single stream preamble and/or the 
multiple stream preamble is filtered using a training sequence 
bandwidth, such as the training sequence bandwidth 702 
and/or the training sequence bandwidth 1102 to provide some 
examples. The single stream preamble and/or the multiple 
stream preamble may be filtered in its entirety using the 
training sequence bandwidth. Alternatively, some of the 
single stream preamble. Such as the single stream training 
sequence 504 to provide an example, and/or the multiple 
stream preamble, such as the multiple stream training 
sequence 604 to provide an example, may be filtered using 
training sequence bandwidth. 
0092. At step 1006, a determination is made as to whether 
the one or more communications signals includes the single 
stream communications packet and/or the multiple stream 
communications packet. More specifically, the single stream 
preamble and/or the multiple stream preamble, or the some of 
the single stream preamble and/or the multiple stream pre 
amble, may be decoded according to the known single stream 
communications standard and/or the known multiple stream 
communications standard to determine whether the one or 
more communications signals includes the single stream 
communications packet and/or the multiple stream commu 
nications packet. 
0093. At step 1008, the single stream payload and/or the 
multiple stream payload is filtered using a single stream infor 
mation payloadbandwidth, such as the single stream infor 
mation payload bandwidth 554, or a multiple stream infor 
mation payload bandwidth, such as the multiple stream 
information payloadbandwidth 654 based on the determina 
tion of step 1006. The single stream payload is filtered using 
the single stream information payload bandwidth when the 
one or more communications signals includes the single 
stream communications packet. Alternatively, some of the 
single stream preamble, such as the single stream signal field 
506 to provide an example, and the single stream payload may 
be filtered using the single stream information payloadband 
width when the one or more communications signals includes 
the single stream communications packet. Likewise, the some 
of the multiple stream preamble. Such as the multiple stream 
signal field 606 to provide an example, and the multiple 
stream payload may be filtered using the multiple stream 
information payloadbandwidth when the one or more com 
munications signals includes the multiple stream communi 
cations packet. 

Conclusion 

0094. While various exemplary embodiments of the 
present invention have been described above, it should be 
understood that they have been presented by way of example 
and not limitation. It will be apparent to one skilled in the 
pertinent art that various changes in form and detail can be 
made therein without departing from the spirit and scope of 
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the invention. Therefore, the present invention should only be 
defined in accordance with the following claims and their 
equivalents. 

What is claimed is: 
1. A method to filter a communications packet including 

one or more signal fields, comprising: 
(A) receiving one or more communications signals, 

wherein the one or more communications signals 
includes a short training sequence and an information 
payload; 

(B) filtering at least the short training sequence using a 
training sequence bandwidth: 

(C) determining if the one or more communications signals 
includes at a single stream communications packet or a 
multiple stream communications packet; 

(D) filtering at least the payload using a single stream 
information payload bandwidth when the one or more 
communications signals includes the single stream com 
munications packet; and 

(E) filtering at least the payload using a multiple stream 
information payload bandwidth when the one or more 
communications signals includes the multiple stream 
communications packet. 

2. The method of claim 1, wherein the communications 
packet is encoded according to at least one known single 
stream communications standard or a known multiple stream 
communications standard. 

3. The method of claim 2, wherein the known single stream 
communications standard includes at least one of the Insti 
tute of Electrical and Electronics Engineers (IEEE) 
802.11aTM standard, the IEEE 802.11bTM standard, and the 
IEEE 802.11gTM standard. 

4. The method of claim 2, wherein the known multiple 
stream communications standard includes an IEEE 
802.11nTM Standard. 

5. The method of claim 1, wherein step (B) comprises: 
(B)(i) selecting the training sequence bandwidth from at 

least one of: 
the training sequence bandwidth, 
the single stream information payloadbandwidth, and 
the multiple stream information payloadbandwidth. 
6. The method of claim 5, wherein the training sequence 

bandwidth is substantially less than the single stream infor 
mation payloadbandwidth and the multiple stream informa 
tion payloadbandwidth. 

7. The method of claim 1, wherein step (D) comprises: 
(D)(i) selecting the single stream information payload 

bandwidth from at least one of: 
the training sequence bandwidth, 
the single stream information payloadbandwidth, and 
the multiple stream information payloadbandwidth. 
8. The method of claim 1, wherein step (E) comprises: 
(D)(i) selecting the multiple stream information payload 

bandwidth from at least one of: 
the training sequence bandwidth, 
the single stream information payloadbandwidth, and 
the multiple stream information payloadbandwidth. 
9. The method of claim 1, wherein the one or more com 

munications signals includes a preamble, step (B) further 
comprises: 

(B)(i) filtering the preamble using the training sequence 
bandwidth. 
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10. The method of claim 9, wherein step (D) further com 
prises 

(D) filtering the payload and at least some of the preamble 
using the single stream information payloadbandwidth 
when the one or more communications signals includes 
the single stream communications packet. 

11. The method of claim 9, wherein step (D) further com 
prises 

(D) filtering the payload and at least some of the preamble 
using the multiple stream information payload band 
width when the one or more communications signals 
includes the multiple stream communications packet. 

12. A communications receiver configured to receive one 
or more communication signals, wherein the one or more 
communication signals includes a short training sequence 
and an information payload, comprising: 

a receiver filter configured to filter at least the short training 
sequence using a training sequence bandwidth; and 

a baseband processing module configured to determine if 
the one or more communications signals includes at a 
single stream communications packet or a multiple 
stream communications packet, 

wherein the receiver filter filters at least the payload using 
a single stream information payload bandwidth when 
the one or more communications signals includes the 
single stream communications packet, and filters at least 
the payload using a multiple stream information payload 
bandwidth when the one or more communications sig 
nals includes the multiple stream communications 
packet. 

13. The communications receiver of claim 12, wherein the 
baseband process module includes a multiple stream base 
band processing module to processes the payload using a 
known multiple stream communications standard when the 
one or more communication signals includes the multiple 
stream communications signal. 

14. The communications receiver of claim 13, wherein the 
known multiple stream communications standard includes an 
IEEE 802.11nTM Standard. 

15. The communications receiver of claim 12, wherein the 
baseband process module includes a single stream baseband 
processing module to processes the payload using a known 
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single stream communications standard when the one or more 
communication signals includes the single stream communi 
cations signal. 

16. The communications receiver of claim 15, wherein the 
known single stream communications standard includes at 
least one of: the Institute of Electrical and Electronics Engi 
neers (IEEE) 802.11aTM standard, the IEEE 802.11bTM stan 
dard, and the IEEE 802.11gTM standard. 

17. The communications receiver of claim 12, wherein the 
receiver filter selects the training sequence bandwidth from at 
least one of: 

the training sequence bandwidth, 
the single stream information payloadbandwidth, and 
the multiple stream information payloadbandwidth. 
18. The communications receiver of claim 12, wherein the 

receiver filter selects the single stream information payload 
bandwidth from at least one of: 

the training sequence bandwidth, 
the single stream information payloadbandwidth, and 
the multiple stream information payloadbandwidth. 
19. The communications receiver of claim 12, wherein the 

receiver filter selects the multiple stream information payload 
bandwidth from at least one of: 

the training sequence bandwidth, 
the single stream information payloadbandwidth, and 
the multiple stream information payloadbandwidth. 
20. The communications receiver of claim 12, wherein the 

one or more communications signals includes a preamble, 
and the receiver filter is further configured to filter the pre 
amble using the training sequence bandwidth 

21. The communications receiver of claim 20, wherein the 
receiver filter filters the payload and at least some of the 
preamble using the single stream information payloadband 
width when the one or more communications signals includes 
the single stream communications packet. 

22. The communications receiver of claim 20, wherein the 
receiver filter filters the payload and at least some of the 
preamble using the multiple stream information payload 
bandwidth when the one or more communications signals 
includes the multiple stream communications packet. 

c c c c c 


