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1
POWLER-BASED HARDWARE DIVERSITY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to provisional
application No. 60/496,734, entitled “Power-Based Hard-

ware Diversity” filed on Aug. 21, 2003, which 1s herein incor-
porated by reference for all intents and purposes related.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to wireless communications,
and more particularly to a packet-by-packet power based
hardware diversity scheme for selecting one of multiple
antennas to reduce the probability of poor reception and
improve reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

The benefits, features, and advantages of the present inven-
tion will become better understood with regard to the follow-
ing description, and accompanying drawings where:

FIG. 1 1s a simplified block diagram of a wireless trans-
ceiver implemented according to an exemplary embodiment
of the present invention;

FIG. 2 1s a figurative diagram of a portion of an OFDM
packet symbol structure with a preamble as provided in the
IEEE 802.11a standard;

FIG. 3 a figurative diagram 1llustrating exemplary division
of the dynamic power range or spectrum of the transceiver of
FIG. 1;

FIG. 4 15 a figurative diagram of an exemplary timeline
illustrating antenna measurement and selection within the SS
section of an incoming packet for two antennas; and

FIG. 5 15 a figurative diagram of an exemplary timeline
illustrating antenna measurement and selection within the SS
section of an incoming packet for 3 antennas.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

L1

The following description 1s presented to enable one of
ordinary skill in the art to make and use the present invention
as provided within the context of a particular application and
its requirements. Various modifications to the preferred
embodiment will, however, be apparent to one skilled in the
art, and the general principles defined herein may be applied
to other embodiments. Therefore, the present invention 1s not
intended to be limited to the particular embodiments shown
and described herein, but 1s to be accorded the widest scope
consistent with the principles and novel features herein dis-
closed.

Antenna diversity provides increased reliability to a com-
munication link for transceivers with multiple antennas in
which each antenna “sees” different channels. Diversity
reduces the probability of poor reception by mstantaneously
selecting the best antenna for each packet. Two types of
antenna diversity are known, including those based 1n firm-
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2

ware and those based in hardware. Firmware diversity may be
implemented 1n the media access controller (MAC) 1in which
the antenna 1s selected according to some algorithm 1mple-
mented 1n firmware based on a packet error metric, such as
packet error rate (PER) or the like. Firmware diversity meth-
ods are relatively slow and are effective for relatively simple
and static environments. For example, the antenna decision 1s
not made on a packet-by-packet basis but 1s instead made on
a cumulative packet metric over multiple packets, such as
when the PER becomes unacceptable over time.

Hardware diversity is relatively fast and makes antenna
decisions using high-speed hardware techniques. An antenna
decision 1s made every received packet (packet-by-packet) in
which two or more antennas are examined during the front
part of the preamble of each packet. The preferred antenna 1s
selected for use over the rest of the packet. The antenna
decision 1s made based on one or more hardware diversity
metrics, mncluding power or the Recerved Signal Strength
Indicator (RSSI), signal-to-noise ratio (SNR), multipath or
any suitable combination thereof. A power- or RSSI-based
solution chooses the antenna with best signal strength; an
SNR-based solution chooses the antenna with the best SNR:
a multipath-based solution chooses the antenna with most
benign multipath characteristic. The noise associated with the
SNR-based schemes can be thermal (e.g., radio generated) or
caused by interference, such as by other radio frequency (RF)
sources. The power-based scheme 1s generally the same as
SNR 1if the noise 1s the same on all antennas.

Utilization of each metric provides some degree of
improved reliability. Multipath schemes reduce the amount of
“echo” distortion on the signal provided to the receiver.
Power-based schemes increase average power provided to the
recelver, and are most effective when a communication link 1s
SNR-limited (e.g., not multipath limited) and 1n which the
noise 1s about the same on all of the antennas. Assume, for
example, that a receiver needs approximately 10 decibels
(dB) SNR for reliable performance so that the packet must be
at least 10 dB above the noise tloor for reliable detection and
reception. If the SNR level of each antenna 1s different, then
selecting the antenna with the highest SNR increases the SNR
provided to the baseband (BB) processor. The improvement
in link performance, however, depends upon whether the
communication link 1s SNR limited or not. If the link 1s
SNR-limited (e.g., rather than multipath intertference lim-
ited), then power-based hardware antenna diversity improves
link performance.

The present invention 1s described in relation to a trans-
ceiver 100 (FIG. 1) configured 1n a Zero Intermediate Fre-
quency (ZIF) architecture for use in a wireless local area
network (WLAN) 1n accordance with any one or more of the
family of IEEE 802.11 standards, such as 802.11a, 802.11b,
802.11g, etc. It1s understood, however, that the present inven-
tion 1s not limited to ZIF architectures or WLAN configura-
tions or 802.11 operations, but mstead may be employed in
other types of radio or wireless communications for other
types of applications. A ZIF architecture, otherwise known as
direct conversion, 1s a wireless transceiver implementation
that 1s utilized to obtain suificient performance and higher
data throughput at lower cost and power consumption by
climinating IF components and external filters. The target
carrier frequencies are 1n the gigahertz (GHz) range, such as
for example, the 2-5 GHz range and higher, although the
present 1nvention 1s not limited to any particular frequency
range.

It 1s desired to use hardware diversity to make diversity
decisions on a packet-by-packet basis using packet preambles
since the 802.11 protocol 1s contention-based in which pack-
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ets can arrtve on a random basis from any direction at any
time. Firmware-based diversity cannot handle these situa-
tions. Hardware diversity schemes have been designed for
single-IF (intermediate frequency) (or non-ZIF) 802.11b
radios. Hardware diversity 1s more difficult to implement,
however, for radios that operate at higher data rates and/or
that employ the ZIF architecture. There 1s very little time
available during the packet preamble of an orthogonal fre-
quency division multiplexing (OFDM) packet used by trans-
ceivers operating according to the IEEE 802.11a or 802.11¢g
standards as compared to the time available during the packet
preamble of an 802.11b packet.

The time problem 1s exacerbated when operating with a
ZIF architecture, which suilers from excessive DC compo-
nents. The DC voltage levels can become excessively large in
the ZIF radio, so that the signals of interest become tempo-
rarily invisible and difficult to detect and acquire. The primary
problem with the ZIF architecture 1s the development of DC
offsets at baseband that degrade SNR, which 1s directly
related to performance of the system. All of the sources of DC
offset may be referenced to the input of the baseband ampli-
fier 1n the baseband signal path of the receive signal process-
ing chain. The gain range of the baseband amplifier must be
suificient to guarantee acceptable performance 1n a variety of
environments.

The gain range of traditional baseband amplifiers has been
configured to operate at gain levels over 50 dB, for example,
which was believed necessary to obtain the desired operating
range. It has been determined, however, that at such high
gains (50 dB or more), gain changes of as little as 10 dB can
cause an 1ncrease of DC level from essentially 0 to 3 V or
more. The analog to digital converter (ADC), however, 1s
generally limited to a relatively small voltage range (e.g.,
approximately 0.5V), so that excessive DC overwhelms (e.g.,
saturates) the ADC and causes potential operation failure. For
a radio implemented according to the IEEE 802.11a standard,
for example, the maximum allowed time to measure and
climinate DC 1s about 5 to 6 microseconds (us). The AGC
procedure must be configured to conserve time, which 1s a
valuable commodity in a wireless transceiver.

The present disclosure describes a packet-by-packet
power-based hardware antenna diversity scheme that 1s usetul
for radios implemented using a ZIF architecture and that
operate according to any of the IEEE 802.11 standards,
including 802.11a and 802.11g using OFDM. Such WLAN
radios typically have a relatively large dynamic range, such
as, for example, a dynamic power range from approximately
-92 dBm (decibels above or below 1 milliwatt) to approxi-
mately =10 dBm. It 1s determined that providing a power-
based hardware diversity scheme over the full dynamic power
range 1s not necessary. Instead, the full dynamic range 1s
divided 1into three ranges or power stories for acquisition
including a 30 dB range first story 301 (FIG. 3). During noise
tfloor tracking, the gain 1s limited to a maximum value and the
ADC back-off 1s large and provides power visibility within
this entire 30 dB range down to the noise tloor. There 1s less of

a need to switch the antenna if the signal power 1s significant
(e.g., above the back-ofl range of the ADC causing ADC
clipping).

FIG. 1 1s a simplified block diagram of a wireless trans-
ceiver 100 implemented according to an exemplary embodi-
ment of the present invention. The transcerver 100 1s config-
ured for dual-band operation in which 1t can operate at 2.4
GHz for 802.11b or 802.11g or 5 GHz for 802.11a. The
transceiver 100 includes a radio 101, a baseband processor
103, and a MAC 105. The radio 101 generally converts

between RF and baseband, and the baseband processor 103
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4

converts between baseband data and MAC packets provided
from, or otherwise for processing by, the MAC 103. The
transcerver 100 includes at least two antennas, where 1t 1s
understood that any number of antennas 1s contemplated. The
antennas are coupled to a diversity switch within the radio
101, where the diversity switch 1s further coupled to an RX
diplexer for receive operations. The RX diplexer 1s coupled to
a 5 GHz low-noise amplifier (LNA) for 5 GHz operation
according to 802.11a and to a 2.4 GHz LNA for 2.4 GHz
operation according to either 802.11b or 802.11g. The LNAs
are both coupled to in-phase (I) and quadrature-phase (Q)
channel mixers, low pass filters (LPFs), variable gain ampli-
fiers (VGAs) and corresponding ADC:s.

The radio 101 turther includes a pair of transmit (1TX)
digital to analog converters (DACs) respectively coupled to a
pair of TX LPFs, which are further respectively coupled to a
pair of transmitter mixers for up-conversion to RF. The I and

Q channel transmit RF signals are each provided to a 5 GHz
power amplifier (PA) for 802.11a and 802.11¢g modes and a
2.4 GHz PA for 802.11b mode. The 5 and 2.4 GHz PAs are
coupled to a TX diplexer, which 1s coupled to the antenna
diversity switch. The baseband processor 103 includes an
OFDM processor or kernel for 802.11a or 802.11g operation,
an 802.11b kernel, and AGC/DC control logic. As shown, the
baseband processor 103 asserts a hardware diversity control
signal to the radio 101 for selection of an antenna via the
diversity switch. The diversity control signal directly or indi-
rectly (e.g., via a register or the like) controls the diversity
switch for controlling selection of one of the antennas.
Although only two antennas are shown, it 1s understood that
any number of antennas may be employed.

FIG. 2 1s a figurative diagram of a portion of an OFDM
packet symbol structure 200 with a preamble as provided in
the IEEE 802.11a standard. The standard OFDM packet sym-
bol structure 200 includes a short sync (SS) section 201,
followed by a long sync (LS) section 203, followed by
remaining packet portions 2035 (only partially depicted). The
SS section 201 includes 10 consecutive short syncs labeled t1,
2,13, ...,110 each being 800 nanoseconds (ns) in duration for
a total of 8 microseconds (Rs). The LS section 203 includes a
1.6 us guard interval GI2 followed by a pair of 3.2 us long
syncs labeled T1 and T2. In accordance with a standard time
budget, signal detect, AGC and antenna diversity functions
are allotted to occur during the first 7 short syncs or within 5.6
us of packet onset, which 1s msuificient time for antenna
diversity. The course frequency oifset (CFO) estimation and
timing synchronization functions normally occur during the
last 3 short syncs between 5.6 and 8 us. The channel and fine
frequency offset (FFO) estimation normally occur during the
LS section 203.

FIG. 3 a figurative diagram 1llustrating exemplary division
of the dynamic power range or spectrum of the transcerver
100. The dynamic spectrum has a noise floor at approxi-
mately =92 dBm, which defines the bottom or tloor of a 28 dB
first story 301 from -92 dBm to approximately —64 dBm. A
24 dB second story 303 1s defined between approximately
—-64 dBm to approximately —40 dBm and a 30 dB third story
3035 1s defined between approximately —40 dBm to approxi-
mately =10 dBm. After each packet ends, the AGC/DC con-
trol circuit of the transcerver 100 re-acquires the noise floor
and waits for the onset of the next packet. The baseband
amplifiers (e.g., including the radio VG As) are set to a maxi-
mum of about 40 dB (assuming the noise floor 1s within the
first story 301) so that the radio ADCs have an equivalent
noise tloor value roughly at about the —-92 dBm noise floor
level. The ADCs have a relatively large operating range of
about 30 dB and thus have instantaneous power visibility of
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the entire power range of the first story 301. This corresponds
to arather large ADC back-oif setting of the ADCs of approxi-
mately 28 dB spanning the first story 301. A normal back-oif
level, for example, 1s about 12 dB, which 1s otherwise desir-
able for lower-resolution ADC:s.

The resolution or number of bits of the ADCs depend upon
the particular configuration and expected signal types to be
received. For example, 1n an 802.11a application, the ADCs
are sized to sufliciently distinguish 64 quadrature amplitude
modulation (QAM) signals which typically require relatively
large SNR (e.g., such as an SNR greater than 18 dB). In the
embodiment shown in which 802.11a and 802.11g signal
types are contemplated, the ADCs includes 8-10 actual bits,
although it 1s appreciated by those of ordinary skill 1n the art
that the “effective” number of bits may be less, such as 7
elfective bits or the like.

After acquiring the noise tloor, the transcerver 100 mea-
sures the power level of the wireless medium over predeter-
mined time 1ntervals, such as, for example, 800 ns time inter-
vals. An increase 1n power level indicates the onset of a packet
in the wireless medium. The radio includes an over-voltage or
over-power detector that has an OVD threshold approxi-
mately at the —40 dBm level (threshold between the second
story 303 and the third story 305) when the baseband ampli-
fiers are set to a predetermined maximum level of approxi-
mately 40 dB. At this level, the ADCs have a maximum level
or window set approximately at the —64 dBm level (threshold
between the first story 301 and the second story 303). In this
manner, a packet having a very strong power level exceeding
the OVD threshold and causing an OVD signal indicates that
the power range of the signal 1s within the third story 305. A
signal that does not exceed the OVD threshold but that causes
clipping of the ADCs indicates that the power range of the
signal 1s within the second story 303. An increase in the power
level by a predetermined amount above the tracked noise floor
level, such as a power rise ol between 4-6 dB, but that does not
cause clipping of the ADCs indicates a relatively weak signal
within the first story 301.

It 1s appreciated that operation 1n the first story 301 1s
unique to operation 1n the other two stories 303 and 30S. The
ADC back-off for the first story 301 1s relatively large and
provides power visibility over the entire power range of the
first story 301. The signal power back-oil into the ADCs can
be as large as 30 dB with reliable reception. This provides a
rather large power aperture for fast antenna diversity scan-
ning. As previously described, for OFDM-type packets, the
normal time budget allows only up to about 5-6 us of pre-
amble for AGC and antenna diversity. Furthermore, ZIF-
based AGC/DC algorithms must contend with changing DC
versus gain. The relatively high resolution ADCs help to
mitigate the DC 1ssue. High resolution ADCs provide wide
signal gain aperture for weak to strong signals. The high
resolution of the ADCs 1s exploited allowing limiting the
maximum baseband amplifier gain (e.g., max of 40 dB) and
utilizing a large signal back-oif for weak signals. Limited
gain reduces the DC budget with which the AGC functions
must contend. The high resolution of the ADCs results 1n a
relatively broad visibility of the AGC, so that the AGC can
instantancously see signals over a larger dynamic range.

In particular, the large visibility of the ADCs enable instan-
taneous power observations over a power range of up to 30 dB
above the =92 dBm noise floor, or up to approximately —62
dBm. It has been determined that this 1s the beneficial region
for power-based hardware diversity. The spectral limit for
receiver sensitivity of a 54 megabait per second (Mbps) signal
1s —65 dBm. Signals with greater power levels operative
within the second or third stories 303, 305 are detected and
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acquired with either antenna so that diversity 1s less of an
1ssue. At the weaker power levels of the first story 301, how-
ever, antenna selection 1s most beneficial.

FIG. 4 1s a figurative diagram of an exemplary timeline
illustrating antenna measurement and selection within the SS
section 201 of an incoming packet for two antennas 1 and 2.
Each block represents an 800 ns timing 1nterval. The timeline
1s 1mitiated at a first block 1 indicating a power level measure
trip 1n which the transceiver 100 detected a rise in the power
level relative to the measured noise floor by the threshold
amount. In an exemplary embodiment, for example, the
threshold power level differential 1s approximately 4-6 dB
indicative of the presence of a packet, so that any rise 1n power
level above the threshold initiates AGC and antenna diversity
selection. It 1s noted, however, that 1f the signal power level 1s
significant enough to cause clipping of the ADCs and/or the
OVD condition, that the antenna diversity functions may be
considered unnecessary.

At next block 2, the transcerver 100 measures the power
level using a first antenna 1 assuming a power level range
between approximately —92 to —62 dBm. At next block 3, the
transcerver 100 switches to antenna 2, switches DC compen-
sation level for antenna 2, and allows any transients to settle.
At next block 4, the transceiver 100 measures the power level
using antenna 2. At next block 5, the transceiver 100 selects
the antenna having the higher power level, switches the
antenna and DC compensation, if necessary, and allows tran-
sient settling. At next block 6, the transcerver 100 measures
the power level and the DC level using the selected antenna
for fine gain and DC adjustments. At next block 7, the trans-
ceiver 100 performs fine gain and DC adjustments based on
measured power and DC levels, and allows transients to
settle. In one embodiment, for example, the gain of a digital
teed-forward gain amplifier (not shown) 1s determined for
fine gain adjust. The equivalent duration for hardware diver-
sity selection 1s 5.6 us corresponding to 7 short syncs, which
1s within the allocated time budget.

FIG. 5 1s a figurative diagram of an exemplary timeline
illustrating antenna measurement and selection within the SS
section 201 of an incoming packet for 3 antennas. The power
measure trip occurs in block 1 and a power measurement 1s
taken using antenna 1 1n block 2. In block 3, the transceiver
100 switches to antenna 2 and switches DC compensation
level appropriate for antenna 2 and allows transients to settle.
At next block 4, a power level measurement 1s taken using
antenna 2. At next block 5, the transceiver 100 switches to
antenna 3 and switches DC compensation level appropriate
for antenna 3 and allows transients to settle. At next block 6,
a power level measurement 1s taken using antenna 3. At next
block 7, the transceiver 100 selects the antenna with the
highest power level, switches the antenna and corresponding
DC compensation level, if necessary, and allows transient
settling. At next block 8, the power and DC levels are mea-
sured using the selected antenna. At next block 9, the trans-
ceiver 100 performs fine adjust and settling as previously
described. The equivalent duration for hardware diversity
selection 1n this case 1s approximately 7.2 us corresponding to
9 short syncs. In this case, the time budget of the acquisition
process 1s modified to a maximum time budget range of about
10 short syncs or about 8 us.

As described above, utilizing the full capability of the ADC
to provide large signal back-olfs provides increased visibility.
An alternative method for increased visibility is to stack the
ADCs to effectively double the cumulative visibility of the
AGC. At baseband, there are two ADCs including an I-chan-
nel ADC and a Q-channel ADC. In this case, one of the ADCs,

such as the I-channel ADC, 1s set at a gain level to monitor the
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first story 301 of the dynamic power range. The other ADC 1s
set at a different gain level to monitor the second story 303
dynamic range.

The fundamental 1ssues when switching antennas include
transients induced by antenna switching, DC changes due to
new signal path, and gain changes due to new signal path. A

few 1ssues that enable success of power-based, hardware
diversity for OFDM WLANs with ZIF include the ability of
the baseband AGC to see the dynamic range of interest in
minimal time, the elimination of DC in minimum time, maiti-
gation techniques for DC changes with antenna switching,
and mitigation techniques for gain changes with antenna
switching. In another embodiment, the AGC time budget 1s
re-allocated to provide more time and/or to enable diversity
among 3 or more antennas.

It 1s noted that DC elimination 1s important to maintaining,
signal visibility at baseband in ZIF implementations. DC
budgets indicate that DC could change significantly as a result
of antenna switching. A significant amount of unexpected DC
can saturate the ADC regardless of the actual power level of
the signal, which would otherwise require time to track out
and resolve. There may not be enough time for hardware
diversity to resolve unexpected DC. In one embodiment, the
amount ol DC correction 1s predetermined and known at the
time of antenna switching. In this case, the transceiver 100 1s
able to switch the antenna while immediately applying a new,
predetermined DC correction term. The DC DACs (not
shown) are essentially instantanecous and thus allow for
instantaneous changes in DC correction without significant
delays. In one embodiment, relatively large DC DACs (e.g.,
12-bit DACs) are employed to handle a wide range of DC
offsets. Settling through the radio 1s very quick. If a high-pass
filter (HPF) 1s employed, however, the bandwidth-dependent
settling time must be accounted for during each switch, so
that settling time may consume too much time.

A first approach for DC compensation is calibration at time
of manufacture to determine the DC levels for each antenna
path. This method sutfers, however, over time from errors due
to factors such as drift, aging, heat, etc. Alternatively, an
antenna DC table 1s dynamically maintained during radio
operation storing a DC value for each antenna. Alternating
between the antennas allows maintenance/updating of the
measured DC values stored 1n the antenna DC table. In one
embodiment, the DC values are measured during noise track-
ing while receiving noise level in the absence of a packet. The
DC through one of the antennas 1s measured while tracking
noise, and the transceiver 100 switches to the other antenna
while 1dle to determine the DC on the other path. The rate at
which the antennas are visited 1s based on expected DC versus
time characteristic.

In a more specific embodiment, the DC per antenna 1s
determined at end-of-packet (EOP) (e.g., just after comple-
tion of a packet transmission in the wireless medium). At
EOP, the AGC performs stepped-gain descent to acquire the
noise tloor to determine DC. At this gain level, the EOP
alternates between the antennas to determine the DC level for
cach antenna. The measured DC values are stored in the
antenna DC table. The stored DC values are used by the
hardware to correct DC instantancously when switching
antennas during packet onset.

(Gain variations associated with antenna switching are
more stable. Antenna switches typically have different loss
characteristics between signal paths, which are relatively
stable over time. Measurement at time of manufacture pro-
vides calibration data for antenna power measures, which
may be stored (e.g., 1n a look-up table) and used during gain
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switching. In an alternative embodiment, the gain and/or
noise floor difference between the antennas 1s measured for
cach antenna. For example, the noise floor 1s measured for
cach antenna and the corresponding gain values are used to
determine the relative gain differences based on measured
noise tloor differences. In one embodiment, for example, the
gain per antenna 1s maintained by alternating between anten-
nas while receiving noise. In a more particular embodiment,
the gain per antenna i1s maintained by alternating between
antennas and measuring gain after EOP.

Normally, the AGC and diversity functions are allotted
approximately 5.6 us from the onset of a packet. The final 2.4
us 1s allocated to CFO acquisition, which relieves the pro-
cessing required for LS processing. The long sync time esti-
mation and the FFO estimation each only have to handle

approximately +/-156 kilohertz (kHz). In an alternative
embodiment, the AGC 1s allocated the full 8 us of the SS
section 201 11 the long sync processing instead handles an
olfset of approximately +/-276 kHz. In particular, the long
sync correlator 1s modified to a bank of correlators, such as,
for example, at least two correlators. In the two correlator
configuration, each 1s tuned to a different frequency oiiset,
such as, for example, +120 kHz and -120 kHz, and each
handles an offset range of approximately +/—156 kHz. In this
manner, each correlator handles an offset range of +/-156
kHz relative to 1ts frequency offset position (+120 kHz or
—-120 kHz), for a combination frequency range of approxi-
mately +/-276 kHz. The outputs of the two offset correlators
are used to determine the frequency offset within +/-276 kHz.
For example, the outputs are combined to interpolate or oth-
erwise extrapolate the CFO estimation within the +/-276 kHz
range. The CFO estimation may be performed at the begin-
ning of the LS section 203 including overlapping the GI2
guard interval. The FFO estimation operates as normal and
can be completed within the remaining time of the LS section
203.

Although the present invention has been described 1n con-
siderable detail with reference to certain preferred versions
thereol, other versions and variations are possible and con-
templated. Those skilled in the art should appreciate that they
canreadily use the disclosed conception and specific embodi-
ments as a basis for designing or modilying other structures
for providing out the same purposes of the present invention
without departing from the spirit and scope of the mvention.

The invention claimed 1s:
1. A power-based hardware antenna diversity method for a
wireless transcerver with multiple antennas, comprising:
setting gain at a maximum level to establish a first story of
dynamic power range above a noise tloor level;

[using a high-resolution ADC at a large back-off level
relative to the noise floor to detect]detecting weak sig-
nals within the first story of the dynamic power range;

switching antennas and measuring power level for each
antenna during signal onset; and

selecting an antenna having a largest power level.

2. The power-based hardware antenna diversity method of

claim 1, further comprising:

measuring a DC characteristic for each antenna;

storing each measured DC characteristic; and

applying a corresponding DC characteristic during said
step of switching antennas and measuring power level
for each antenna.

3. The power-based hardware antenna diversity method of

claiam 2, wherein said measuring comprises measuring at

EOP.
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4. The power-based hardware antenna diversity method of
claim 1, further comprising measuring gain characteristics of
cach antenna and storing corresponding gain mitigation val-
ues.

5. The power-based hardware antenna diversity method of
claim 1, further comprising measuring relative noise tloor
gain differences between each antenna and storing corre-
sponding gain mitigation values.

6. The power-based hardware antenna diversity method of
claim 1, further comprising employing at least two long sync
correlators for performing course frequency offset estimation
at the beginnming of a long sync section of an incoming packet.

7. A method for performing hardware diversity based on
power 1n a wireless transcerver having multiple antennas,
comprising:

setting a transcerver gain at a maximum level to establish a
first story of dynamic power range above a noise tloor
level;

[using a high-resolution ADC at a large back-off level
relative to the noise floor to detect] detecting weak sig-
nals within the first story of the dynamic power range;

switching antennas and measuring power level for each
antenna during signal onset; and

selecting an antenna having a largest measured power
level.

8. The method of claim 7, further comprising:

measuring a DC characteristic for each antenna;

storing each measured DC characteristic 1n a memory; and

for each antenna, applying a corresponding DC character-
1stic during said step of measuring the power level.

9. The method of claim [7] 8, wherein said measuring

comprises measuring at EOP.

10. The method of claim 7, further comprising measuring
gain characteristics of each antenna and storing correspond-
ing gain mitigation values 1n a memory.

11. The method of claim 7, further comprising measuring
relative noise floor gain differences between each antenna
and storing corresponding gain mitigation values 1 a
memory.

12. The method of claim 7, turther comprising employing
at least two long sync correlators for performing course ire-
quency oifset estimation at the beginning of a long sync
section of an incoming packet.

13. The power-based harvdware antenna diversity method
of claim 1, further comprising:

setting gain at a second maximum level different from the

first maximum gain level to establish a second story of

dynamic power range above the first story; and

using one or morve second high-resolution ADCs to detect
signals within the second story of the dynamic power
range.

14. A wireless communications device for communicating

over a wireless medium, the device comprising:

a plurality of antennas,

a baseband processor configured to generate a hardware
diversity control signal to select one ov more of the
plurality of antennas;

a receiver selectively coupled to the plurality of antennas
based at least in part on the havdware diversity control
signal and having a dynamic range between a largest
expected input signal power level and a minimum noise
floor power level;

one ov move amplifiers coupled to the veceiver and config-
ured at a first maximum gain level to establish a first
story of dynamic power range above a noise floor level
as a sub-range of the dynamic range; and
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one or more analog to digital converters (ADCs) coupled
to the one ov more amplifiers and configured to detect
signals within the first story of dynamic power range;

wherein the baseband processor is further configured to,
upon onset of a data packet signal, determine whether
the data packet signal causes an over power signal con-
dition in the one or more amplifiers indicating a signal
power level above the first story, determine whether the
data packet signal causes a clipping signal condition in
the one or morve ADCs indicating a signal power level
above the first story, and if no over power signal condi-
tion or clipping signal condition is present, determine
that the power level of the data packet signal is within the
first story of the dynamic power vange and switch to
another of the plurality of antennas to measure a power

level during packet onset.

15. The device of claim 14, wherein the baseband proces-
sor is further configured to:

measure a DC characteristic for each antenna;

store each measured DC characteristic in a memory; and

apply a corresponding DC characteristic when measuring

the power level for the corresponding antenna.
16. The device of claim 15, wherein the baseband proces-
sor is configured o measure the DC characteristic for each
antenna at end of packet (EOP).
17. The device of claim 14, wherein the baseband proces-
sor is configured to measure gain characteristics of each
antenna and storve corresponding gain mitigation values in a
Memory.
18. The device of claim 14, wherein the baseband proces-
sor is configured to measure relative noise floor gain differ-
ences between each antenna and stove corresponding gain
mitigation values in a memory.
19. The device of claim 14, further comprising at least two
long sync correlators for performing course frequency offset
estimation at the beginning of a long sync section of the onset
data packet.
20. The device of claim 14, further comprising:
one or move second amplifiers cooled to the receiver and
configured at a second maximum gain level different
from the first maximum gain level to establish a second
story of dynamic power range above the first story, and

one or more second analog to digital converters (ADCs)
coupled to the one or more second amplifiers and con-
figured to detect signals within the second story of
dynamic power range.
21. A method, comprising:
detecting veceipt of a data packet signal via at least one of
a plurality of antennas;

setting gain of one or move amplifiers coupled to the at
least one of the plurality of antennas at a first maximum
level to establish a first story of dyramic power range
above a noise floor level as a sub-range of a larger
dynamic vange supported by the wireless transceiver,

determining whether a signal power level is above the first
story by detecting if the data packet signal causes an
over power signal in the one or more amplifiers;

detecting signals within the first story of the dynamic
power range;
determining whether the signal power level is above the
first story by detecting a clipping signal condition; and

measuring the signal power level upon data packet veceipt
using another antenna of the plurality of antennas if the
power level of the data packet signal is within the first
story power range, and if no over power signal condition
or clipping signal condition is met.
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22. The method of claim 21, further comprising: 26. The method of claim 21, further comprising employing

measuring a DC characteristic for each antenna; at least two long sync correlators for performing course

storing each measured DC characteristic in a memory; and  frequency offset estimation at the beginning of a long sync
applying a corresponding DC characteristic when measur- section of the onset data packet.
ing the power level for the corresponding antenna. 5 27. The method of claim 21, further comprising:

23. The method of claim 22, wherein the step of measuring setting gain of one or move second amplifiers coupled to
the DC characteristic for each antenna occurs at end of the at least one of said antennas at a second maximum
packet (EOP). level diffevent from the first maximum gain level to estab-

24. The method of claim 21, further comprising measuring lish a second story of dynamic power range above the
gain characteristics of each antenna and stoving correspond- 10 first story; and
ing gain mitigation values in a memory. using one or more second high-resolution ADCs to detect

25. The method of claim 21, further comprising measuring signals within the second story of the dvnamic power
relative noise floor gain differences between each antenna range.

and storing corresponding gain mitigation values in a
Memory. £ ok k¥ ok
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