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(57) Abstract: Embodiments allow awireless device configured to work with the 802. 11 n/ac standard to work in the communication
bands where 802. 11 p devices operate with little change. Embodiments may receive signals using areceiver adapted for the wider
bandwidth 802. 1In/ac signals. Embodiments may also increase the sensitivity of the receiver to reduce the likelihood of missing the
presence of alower bandwidth 802. 1l p signal. When a signal is detected, embodiments may process the incoming signal asif it were
an 802.1In/ac signal while also processing incoming signal samples in a way that effectively narrows the receiver bandwidth to
identify whether an 802.1ip signal is present. If the device detects the presence of an 802.1lln/ac signal, it may terminate the
802. 1l p signal processing and proceed with normal 802.1 I n/ac operation. If the device detects the presence of an 802.1 Ip signal, it
may terminate 802. 1in/ac processing and trigger collision avoidance processes.
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DETECTION OF 802.1Ip SIGNALS IN 802.1 Inflac ENABLED DEVICES

PRIORITY CLAIM

[0001] This application claims the benefit of priority to U.S. Provisional
Patent Application Serial No. 61/821,409, filed May 9, 2013, which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wireless communications. More
particularly, some embodiments relate to the detection of signals having a
narrower bandwidth by receivers that are enabled for the detection of signals

having awider bandwidth.

BACKGROUND

[0003] Aswireless spectrum becomes more crowded, the Federal
Communications Commission (FCC) sometimes proposes modification of
existing rules governing certain wireless bands to allow coexistence among
multiple uses as long as certain principles are followed. For example, the FCC
has proposed modification of the existing rules governing Unlicensed-National
Information Infrastructure (U-NII) use of the 5 GHz band of which 195 MHz of
additional spectrum is allocated for U-NII shared access. There are severd
current uses of the expansion bands, including use by the Intelligent
Transportation Systems, which adhere to the IEEE 802.1 | p standard. If existing
802. 1In/ac devices (meaning devices enabled for 802. 1In and/or 802. 1lac)
desire to take advantage of the expansion spectrum, they should be capable of
coexisting with 802.1 | p enabled devices.

PCT/US2013/071907
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. lillustrates an example physical layer protocol data unit.
[0005] FIG. 2 illustrates an example receiver.

[0006] FIG. 3illustrates an example receiver to detect both 802. 1l p
type signals and 802.1 In/ac signals.

[0007] FIG. 4 illustrates an example tradeoff between probability of
missed detection and probability of false alarm.

[0008] FIG. 5illustrates an example of apartial system to detect both
802.11p and 802.1 In/ac signals.

[0009] FIG. 6 illustrates an example flow diagram of a system to detect
both 802. 1l p and 802. 1In/ac signals.

[0010] FIG. 7 illustrates a system block diagram of awireless device,

according to some embodiments.

DETAILED DESCRIPTION

[0011] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may beincluded in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass al available equivalents of those claims.

[0012] Various modifications to the embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein may
be applied to other embodiments and applications without departing from the
scope of the disclosure. Moreover, in the following description, numerous
details are set forth for the purpose of explanation. However, one of ordinary
skill inthe art will realize that embodiments of the disclosure may be practiced

without the use of these specific details. In other instances, well-known
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structures and processes are not shown in block diagram form in order to not
obscure the description of the embodiments with unnecessary detail. Thus, the
present disclosure isnot intended to be limited to the embodiments shown, but is
to be accorded the widest scope consistent with the principles and features
disclosed herein.

[0013] The IEEE 802.1 1 p standard allows 5 MHz, 10 MHz, and 20
MHz channel bandwidths. The 20 MHz channel bandwidth isthe same asthe
IEEE 802.11aand, assuming alignment of the channel center frequency, the
physical signal coexistence is already addressed in the IEEE 802.1 I n standard.
However, in the case of the 5 MHz and 10 MHz bandwidths , the signals have
similar Orthogona Frequency Division Multiplexing (OFDM) structure, but
with smaller subcarrier spacing. Thus, new coexistence rules are needed. It may
be assumed that the devices already operating on recently released spectrum
(e.g., the 195 MHz of additional spectrum allocated for U-NII shared access)
will not change their operation. Therefore, future 802.1 In/fac devices will need
to detect 802.11p signals as afirst step for coexistence. Upon detection of an
802.11p signal, 802.1In/ac devices may take steps to avoid interference with any
802. 1l p devices or may use other mechanisms for coexistence.

[0014] 802.1 In/ac devices use 20MHz, 40MHz, 80MHz, and 160MHz
channel bandwidths. Embodiments described below enable 802. 1in/ac devices
to treat the 5SMHz and/or 10MHz 802.1 1 p signals (referred to as 5/10MHz
signals or 5/10MHz 802.1 | p signals) in its operating channel asif thereisa
20MHz reception. Embodiments may receive an 802. 1l p 5/10MHz signa using
alarger bandwidth RF front end of 20MHz, and may process it with higher
sampling rates typically associated with the wider front end. However, RF
filtering at the wider front end expands the noise relative to the signal and, thus,
decreases the Signal to Noise (SNR) performance by 3dB for the 10MHz signal
and by 6dB for the 5SMHz signal. Therefore, there may be cases where an

802.1 In/ac device operating in the bands of the 802.1 I p 5/10MHz signals will
have a 3-6dB higher Clear Channel Assessment (CCA) level for the 5/10MHz
802.11p signal compared to a20MHz 802.1 In/ac signal. This could cause the
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802.1 In/ac device to miss the presence of the 802.1 1 p signal and begin
transmission, resulting in acollision. Asexplained below, some embodiments
may allow an increased false alarm rate in order to make it more likely that
802. 1l p 5/10MHz signals are detected. The impact of ahigher false alarm rate
may be mitigated with further processing of recelved signals. Many of the
embodiments may be implemented without significant hardware changes to
current 802. 1in/ac devices allowing them to operate within the 802. 11 p bands.
To the extent that changes may be implemented through firmware and/or
processing changes, existing devices may take advantage of the newer bands by
updating software and/or firmware within the device. This not only extends the
capability and useful life of existing devices, but also allows increased
functionality and utility.
[0015] FIG. lillustrates an example physical layer protocol data unit
(PPDU) 100. The PPDU 100 isnot specific to any particular IEEE 802.1 1
standard, but is ageneral representation that is sufficient for the purposes of this
disclosure. The PPDU 100 comprises apreamble sequence 102, other
information 104, and a Physical Layer Service Data Unit (PSDU) 106. The
preamble sequence 102 isused, among other things, to aid in the detection of an
incoming signal. Other information 104 may contain different things, depending
on the exact type of PPDU and standard. In one example, other information 104
may contain a SIGNAL field designed to help the receiver decode the PSDU
106. The PSDU 106 contains the frame being sent (e.g., the payload).
[0016] The preamble sequence 102 isillustrated in expanded form as
shown in FIG. 1. The preamble sequence 102 has aplurality of training
sequences, sometimes referred to as Short Training Sequences (STS). The STS
of FIG. lareillustrated as STS 112, with the final STS (Tn) illustrated as 110.
The preamble sequence 102 may also contain other information, represented by
other information 114. The length of each STS 112 is dependent on the 802. 11
variant being considered. In the case of 802. 1in/ac, each STSis0.8 us long. In
the case of 802. 1lp, the length of the STS 112 may be different for different
bandwidth signals. Inthe case of a 10MHz bandwidth signal, the length of the
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STS 112 would be 1.6 us long and for a 5SMHz bandwidth signal, the length of
the STS 112 would be 3.2 us long.
[0017] FIG. 2 illustrates an example receiver 200 that may receive, for
example, 802. 1lin/ac signals. Detection of asignal is accomplished by making
use of the periodicity of the STS 112 in the PPDU 100. The example receiver
200 of FIG. 2 uses adelay and correlate mechanism to detect the presence of the
repeating STS 112 in the PPDU 100. For purposes of this discussion, the
receiver 200 may be broken into two portions 234 and 222.
[0018] In the first portion of the receiver 234, areceived signal is
delayed by the STS length (0.8 us) in operation 202. The signal isthen
conjugated in operation 204 and correlated with itself by mixing operation 206.
A scaling factor may be applied in mixing operation 208 and amoving average
over the STS length (0.8 us) istaken in operation 210.
[0019] In the other branch of the first portion of the receiver 234, the
square magnitude of the delayed and conjugated signal (output of operation 204)
istaken in operation 212. The square magnitude of the received signal istaken in
operation 214. These factors are added together (operation 216) and the moving
average over the STS length (0.8 us) istaken in operation 220.
[0020] In the second portion of the receiver 222, the two signals (output
of operation 210 and 220) are averaged over N sequences in operation 224 and
228, respectively. For atypical 20MHz 802. 1In/ac signal, N isequal to 4 (0.8
us). The magnitude of the output of averaging operation 224 is divided by the
output of averaging operation 228 asillustrated by operations 226 and 230 to
produce output signal 232. Output signal 232 may then be input into a detector
to detect the presence of an incoming signal. In many embodiments, athreshold
detector may be used such that if an output signal 232 exceeds a given threshold,
detection is declared and the device performs additional operations associated
with an incoming signal.
[0021] The operations illustrated in the receiver 200 may be performed
in hardware, with aprocessor programmed by firmware/software, or some

combination thereof. A typical receiver will have an RF front end where
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processing is performed by hardware. At some point, the incoming signal is
usually sampled and processing proceeds digitally from that point.
[0022] For receivers, such asthe receiver in FIG. 2, there are generally
severa parameters that can be adjusted to trade off probability of missed
detection (and probability of detection) and probability of false alarm.
Typically, as parameters are adjusted to lower the probability of false alarm (for
agiven SNR), the probability of missed detection increases. However,
depending on the particular receiver design, the particular hardware used, the
particular parameter adjusted, and the particular goals, it may be desirable to
allow false alarm rates to rise to get aparticular detection characteristic or lower
false alarm rates and allow the probability of missed detection to rise somewhat.
[0023] FIG. 3illustrates an example receiver 300 to detect both 802.11p
type signals and 802.1 In/ac signals. Such areceiver 300 may have, for example,
awider band front end to receive the wider band 802. 1lin/ac signals. The
receiver 300 isillustrated as having afirst portion, receiver portion A 302, and a
second portion, receiver portion B 304. In this embodiment, the receiver portion
A 302 represents portions of the receiver 300 where adjustments will not be
made to tradeoff false alarm rates and probability of missed detection, and
receiver portion B 304 represents portions of the receiver where adjustments will
be made to tradeoff false alarm rates and probability of missed detection.
Adjustment 306 represents these adjustments.
[0024] If receiver 300 isimplemented using adelay and correlate
mechanism such asthat illustrated in detail in FIG. 2, receiver portion A may
include such functions as delaying areceived signal an STS length such as that
illustrated by operation 202 of FIG. 2. The signal may then conjugated by an
operation like operation 204 of FIG. 2 and correlated with itself by amixing
operation like mixing operation 206 of FIG. 2. A scaling factor may be applied
in amixing operation like mixing operation 208 of FIG. 2. The output of al
these operations may be afirst branch of the receiver, labeled 303 in FIG. 3.
[0025] In a second branch of the receiver portion A 302, the square

magnitude of the delayed and conjugated signal (output of the operation such as
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operation 204 of FIG. 2) may be performed in an operation like operation 212 of
FIG. 2. The square magnitude of the received signal may also be performed in an
operation like operation 214 of FIG. 2. These factors may be added together
(such asin operation 216 of FIG. 2) in order to produce the second output 305 of
the receiver portion A 302.
[0026] Receiver portion B 304 may include those portions of the
receiver where adjustments may be made to trade off false alarm and probability
of detection. For areceiver structure such asthat illustrated in FIG. 2, that may
include the moving average of both branches of the output of receiver portion A
302 (e.g., outputs 303 and 305). These moving average may be operations such
asthose described in conjunction with moving average 210 and moving average
220 of FIG. 2. Additionally, as described above in conjunction with FIG. 2,
averaging over N STS sequences aswell asthe operations to generate the output
(e.g., 232 of FIG. 2) into a detector may also beincluded in receiver portion B
304. Thus, operations like operation 224, 226, 228, 230 and the mixer to
generate output 232 of FIG. 2 may all be included in receiver portion B 304.
Thus, the output 307 of receiver portion B 304 may be generated in like manner
to output 232 of FIG. 2.
[0027] Detector 308 istypically athreshold detector that employs a
threshold to determine whether or not asignal ispresent. In FIG. 3, detector
output 309 represents the "signal present” determination that may then kick off
operation of first signal processor 310 and second signal processor 314.
[0028] With awider band front end, as explained above, incoming
802.1 1 p signals may have a 3-6dB disadvantage over asimilar 802.1 In/ac signal
due to the narrower band signal of the 802. 1l p and the wider front end. The
receiver 300 may ensure that the probability of missed detection of an 802.11p
signal is acceptable by adjustment 306 which may allow the false alarm rate to
rise in order to get acceptable probability of missed detection for an incoming
802.11p signal.
[0029] While not specifically illustrated in FIG. 3, it may also be
possible to trade off probability of false alarm with probability of missed
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detection by adjusting parameters within the detector 308. Thus, if the detector
308 employs athreshold, adjusting the threshold will also adjust the probability
of false alarm and probability of missed detection of the receiver 300. Such
changes may be made as an alternative to, or in addition to the adjustment 306.
In some embodiments of the receiver 300, the detector 308 may employ a
threshold as part of the detection process.

[0030] The receiver 300 may also comprise afirst signal processor 310
and a second signal processor 314, which may each be targeted toward
processing adifferent signa (e.g., 802. 1in/ac or 802. 1lp). For example, if the
receiver 300 isan 802.1In/ac receiver, then first signa processor 310 may
include the typical processing the device performs after detection of apossible
incoming 802. 1In/ac communication. In addition, the first signal processor 310
may comprise functionality to terminate the processing of the second signal
processor 314 in the event that the first signal processor 310 positively identifies
an incoming 802.1 Infac communication. Asan aternative, such functionality
may be implemented in a different location so that the first signal processor 310
may notify that location in order to initiate termination of the processing of the
second signal processor 314. Example details on how such aprocessor may be
implemented are discussed in greater detail below.

[0031] The second signal processor 314 may represent processing
performed when an 802. 1l p signal has been detected by the detector 308. Since
802.1In/ac signals are wider in bandwidth than the 5/10MHz signals of 802.1 Ip,
such processing may include, for example, processing incoming signal samples
to place afilter (or multiple filters) of an appropriate bandwidth across the
receiver bandwidth. By way of example, and not limitation, assuming a 20MHz
receiver bandwidth, signal samples may be processed to place a 5MHz
bandwidth filter (or multiple such filters) across the 20MHz bandwidth to
determine whether asignal isactually present in an appropriate 5SMHz band.
Similar examples exist for 10MHz bandwidth 802.11p signals.

[0032] As another example, additional samples may be processed to see
whether detection of an STS 112 (or multiple STS) occurs. Because of the

PCT/US2013/071907
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different bandwidths, the STS 112 of a802.11p 5MHz signal is four times
longer than the STS 112 of the 802. 1Infac 20MHz signal. Thus, four times the
length of processing needs to be considered before the detection of the STS 112
of the narrower band 5MHz signal may be declared. These approaches may be
combined, and other approaches may betaken aswell.
[0033] Although the first signal processor 310 and the second signal
processor 314 have been described in conjunction with 802.1 lac and 802.11p
signals processed by each, the concept may be applied to different signals with
similar signal structure where one signal has alarger bandwidth than the other.
[0034] FIG. 4 illustrates an example tradeoff between probability of
missed detection and probability of false alarm in, for example, areceiver
suitable for use herein. The example in FIG. 4 isnot intended to predict specific
performance of any particular receiver embodiment, but to illustrate the types of
tradeoffs that are possible with the receivers disclosed herein.
[0035] The basic structure of the receiver islikethat illustrated in FIGs.
2, 3 and/or 5where an average over N STS sequences may be used to tradeoff
false alarm rates and probability of missed detection (or probability of detection)
for signals a agiven SNR. In FIG. 4, curve 402 represents the probability of
missed detection when an average of N=4 STS sequences are taken. As
expected, the probability of missed detection falls off asthe SNR increases.
Also, the probability of false larm islow at about 2x10* as shown by curve
404. If the number of STS averaged changes from N=4 to N=2, the probability
of missed detection for a given SNR falls as shown by curve 406. However, the
price of the change isthat the probability of false alarm increases as shown by
curve 408. Should the curves for N=I be plotted, we would expect another
increase in the probability of false alarm, but continuing decreases in the
probability of missed detection. In this case, to keep the probability of false
alarm to an acceptable level, the threshold may be adjusted. Adjustment of
threshold levels was discussed above.
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[0036] FIG. 5illustrates an example of a system 500 to detect both
802.11p and 802.1 In/ac signals. The system 500 shows areceiver 502, a
detector 516, an 802.1 | p processor 520 and an 802.1 In/ac processor 522.
[0037] Compared to FIG. 2, operation 508 has been added to adjust the
number of STS sequences, N, that operation 510 averages over. Operation 508
may also adjust the correlation delay in delay operation 506 and the length of
time of any moving averages such asmoving average 504 and moving average
506. Asillustrated in FIG. 4, adjusting N allows tradeoffs between the
probability of false alarm and the probability of missed detection (or probability
of detection). In many embodiments, adjusting N may be accomplished via a
firmware update. In the alternative, firmware may be modified so that N may be
dynamically modified according to aparticular process. In some embodiments,
N may be set so N=2 or N=1.
[0038] In addition to adjusting N, it may also be desirable to adjust
other portions of the receiver to account for the equivalent length of time when
receiving signals of different bandwidths, such asa5MHz or 10MHz bandwidth
802. 1l p signals (as opposed to the 802. 1Infac 20MHz bandwidth signal. For
example, it may be desirable to adjust the length of time of delay operation 505
aswell asmoving average 504 and moving average 506. In atypical correlation
receiver, these are matched to the time length of an STS. Aspreviously
discussed, a 5SMHz bandwidth signal has an STS length of 3.2 yus and a 10MHz
bandwidth signal has an STS length of 1.6 us. Thus, when setting N=I for a
5MHz bandwidth signal, the correlation delay of operation 505 and the moving
averages 504 and 506 may be set 3.2 us. When setting N=2 for a 10MHz
bandwidth signal, the correlation delay and moving averages may be set a 1.6
us. These adjustments are indicated by arrow 524. In some embodiments, the
delay and moving averages may be performed digitally so it may be possible to
adjust the delay and moving average via firmware/software. Processing received
signals digitally may also allow for multiple delays to be processed, such as
processing a 10MHz and a20MHz delay and moving average to detect both
802.11p and 802.1 In/ac signals.



WO 2014/182335

10

15

20

25

30

PCT/US2013/071907
11

[0039] Asin FIG. 2, the magnitude of the upper output of the average
over N sequence of operation 510 is divided by the output of the lower average
over N sequence of operation 510 as shown by operations 512 and 514. This
signal may be passed to the detector 516. The detector 516 may employ a
threshold to decide when asignal ispresent such that if some value exceeds a
threshold, the detector 516 determines that the incoming signal is present.

[0040] FIG. 5 also includes the 802. 1l p processor 520 which may begin
processing signals once the detector 516 determines a signa isincoming. The
802.1 | p processor 520 may perform various functions including, but not limited
to, determining whether the incoming signal isan 802.11p signal. Once the
presence or absence of an 802.1 | p signal is determined, the 802.1 | p processor
520 may perform other functions depending on various factors and
embodiments. For example, if the 802.1 | p processor 520 detects the presence of
an 802.11p signal, this information may be passed to other processors and/or
processes. Thus, the presence of an 802.1|p signal may trigger various actions
such as suspending the processing of incoming signals by the 802.1 In/ac
processor 522 or other processes/processors, triggering collision avoidance
behavior for the device, and so forth. Collision avoidance behavior may include
such behavior as switching to a different channel, suspending transmission
activity for some period of time, and so forth.

[0041] FIG. 5 aso includes the 802. 1in/ac processor 522 which may
begin (or continue) processing signals once the detector 516 determines asignal
isincoming. The 802.1 In/ac processor 522 may perform various functions
including, but not limited to, determining whether the incoming signal is an
802. 1lin/ac signal. One the presence or absence of an 802. 1In/ac signal is
determined, the 802.1 Infac processor 522 may perform other functions
depending on various factors and embodiments. For example, if an 802.1 In/ac
signal ispresent, the 802. 1In/ac processor 522 may terminate (or cause to be
terminated) any processing performed by the 802.1 | p processor 520 since no
further 802.1 | p actions may be appropriate once the presence of an 802.1 In/ac
signal has been detected.
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[0042] The presence of an 802. 1lIn/ac signal may be detected in the
typical way: determining whether the incoming signal has avalid SIGNAL field.
If so, normal 802.1 In/ac processing may continue with packet decoding,
followed by a Cyclical Redundancy Check (CRC), and other normal 802.1 In/ac
operations.
[0043] If the 802.1 In/ac processor 522 determines that the incoming
signal isnot avalid 802. 1lin/ac signal, through, for example, being unable to
decode avalid SIGNAL field, the system may assume that the incoming signal is
one that should trigger collision avoidance (such as assuming the incoming
signal isa802.11p signal). Additionally, or aternatively, the system may wait
until the results from the 802. 1l p processor 520 are available to determine what
to do. In one embodiment, once the 802. 1In/ac processor 522 determines that
no valid 802. 1lin/ac signal is present, the system may delay transmission activity
until the 802.1 1 p processor 520 decides whether or not an 802.11p signal is
present. If it ispresent, then the system may trigger collision avoidance
behavior. If it isnot present, then the system may determine that the incoming
signal was afalse alarm and resume normal 802.1 In/ac operation, including
transmission activities.
[0044] The devices of FIG. 5may be implemented in hardware or a
combination of hardware and firmware/software or some combination thereof
where parts are implemented in hardware and other parts in hardware and
firmware/software. For example, the 802.1 In/ac processor 522 may be
implemented in hardware or a combination of hardware and firmware/software,
depending on some existing 802. 1In/ac device implementation. The 802. 1l p
processor 520 may beinitially implemented by changing the firmware/software
of the current implementation to process additional samplesin adigital fashion
using aprocessor such as amicroprocessor, signal processor, and so forth. In
this way, an existing 802. 1In/ac device may be adapted to operate in an
environment where 802.1 | p devices are present. Over time, other embodiments
may be developed that implement the 802. 1l p processor 520 in some

combination of hardware and/or hardware and firmware/software so that
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functions previously implemented in firmware/software are implemented using
specialized hardware. Furthermore, for portions implemented on hardware (such
as aprocessor) and firmware/software, the 802.1 | p processor 520 and the
802. 1In/ac processor 522 may be implemented using at least some shared
hardware.
[0045] FIG. 6 illustrates an example flow diagram 600 of a system to
detect both 802. 1l p and 802. 1lIn/ac signals. Such a system may comprise
various implementations, such asthe first signal processor 310 and/or the second
signal processor 314 of FIG. 3 and/or the 802.1 | p processor 520 and/or
802.1 In/ac processor 522 of FIG. 5. Thus, parts of the flow diagram may be
implemented in these processors or may be implemented in a different processor
such asthe processor 704 of FIG. 7 discussed below.
[0046] In operation 602, the receiver is configured to have sufficient
probability of false alarm and probability of missed detection (or probability of
detection) characteristics, if needed. This may be accomplished, for example, by
setting the number of STS averaged to adesired N such asN=2 or N=I .
Additionally, or aternatively, one or more thresholds of a detector may be
adjusted.
[0047] Once the receiver isproperly configured, the system may do
whatever it is designed to do until detection of an incoming signal isindicated.
This process isrepresented by detection indicated operation 604 along with
loopback path 606. Detection may be performed asindicated in conjunction
with FIG. 3 and/or FIG. 5 as previously described. Detectors may be
implemented in specialized hardware and/or a combination of hardware (such as
aprocessor) and firmware/software.
[0048] When detection isindicated 604 as represented by the "yes' path
608, processing proceeds to sort out exactly what type of detection has been
indicated. In the represented embodiment, processing proceeds along two paths
that may be performed serially or in parallel. In operation 610, the system
identifies whether an 802.1 In/ac signal ispresent and in operation 612, the

system identifies whether an 802. 1l p signal is present.
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[0049] Turning to operation 610 first, the system may detect the
presence of an 802. 1In/ac signa in the normal way, such as by attempting to
decode the SIGNAL field of the PPDU 100. If the SIGNAL field isvalid, the
system may determine that the incoming signal is an 802. 1in/ac signal and
proceed in accordance with the received 802. 1In/ac signal. In this case,
operation 614 would take the "yes" branch.
[0050] Once avalid 802. 1lin/ac signal has been identified, there isno
further need to continue to process the signal to determine whether it isan
802.11p signal. Thus, any processing that relates to 802.1 | p signals, such as
attempting to determine whether the incoming signal is an 802. 1l p signal, may
beterminated. Operation 616 illustrates this function. Finally, normal system
operations in connection with an 802. 1in/ac signal may betriggered and/or
continued asillustrated in operation 620, including transmission of messages as
desired.
[0051] If avalid 802.11n/ac signal isnot identified, the "no" branch of
operation 614 istaken. In this situation, either the incoming signal isan 802. 1l p
signal or afalse darm has occurred. To identify which one, the system may wait
in operation 618 for the system to determine whether an 802.11p signal was
identified.
[0052] Returning now to operation 612, the system may identify
whether an 802. 1l p signal isincoming. This may be performed in avariety of
ways. One way to detect an incoming 802. 1l p signa will beto place one or
more filters of the appropriate bandwidth in the receiver band. In one such
embodiment, assuming a20MHz receiver bandwidth, samples of the incoming
signal may be processed to place a5MHz or 10MHz bandwidth filter in the
20MHz receiver band to detect whether there isa5MHz or 10MHz signal
concentration. Such processing may also place multiple filters across the
receiver bandwidth. As another example, samples may be processed to see
whether detection of an STS (or multiple STS) occurs. Because of the different
bandwidths, the STS of a5MHz 802.11p signal is four times longer than the STS
of the 20MHz 802. 1in/ac signal. Thus four times the length of processing is
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required needs to be considered before the detection of the STS of the narrower
band 5MHz signal may be declared. The STS 10MHz 802.11p signal istwice as
long asthe STS of the 20MHz 802.1 In/ac signal so twice as many the length of
processing may need to be considered over the 802.1 In/ac signal to declare
detection of an STS in the 10MHz 802.11p signal. Various approaches may be
combined, and other approaches may betaken aswell.

[0053] Operation 624 determines whether an 802.11p signal has been
identified. If so, then the "yes" branch istaken and any ongoing 802. 1In/ac
processing may beterminated asindicated in operation 626. Finally, the system
may perform any operations associated with the detection of an 802.11p signal
asillustrated in operation 628. Such operations may be, for example, to
implement any collision avoidance strategies to keep from interfering with the
802. 1l p signals. These strategies may include, but are not limited to, precluding
transmission where the transmissions will interfere with the 802.11p signa
and/or switching channels.

[0054] If an 802. 11 p signal was not detected in operation 624, the "no”
branch istaken and the system will wait (if necessary) until the system decides
whether an 802.1 In/ac signal was detected in operation 630.

[0055] When the system decides that neither an 802. 1in/ac signal nor
an 802.11p signa was detected, the system may declare afalse alarm and resume
processing asindicated in operation 622. Such afalse alarm event may be one
tradeoff made to ensure appropriate detection of apotentially interfering 802.1 1 p
signal. The false alarm may result in atransmission delay for the system. In
other words, the system may have transmitted a message slightly sooner had a
false alarm not occurred. However, the benefit obtained isthat the system may
appropriately coexist with 802.1 | p systems.

[0056] Although not covered in the flow diagram of FIG. 6, certain
embodiments may want to account for what happens if the system decides that
both an 802. 1In/ac signal and an 802. 1l p signal are detected. Such an event
may represent colliding incoming signals or may represent some sort of error

condition. In such an instance, the system may take avariety of actions. One
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representative example system treats such an event asif an interfering 802.11p
signal was received and performs the same actions as that case (e.g. reception of
an interfering 802. 1l p signal). In another representative example, the system
refrains from doing anything during the period of collision and treats the
situation as ambiguous. Additionally, or aternatively, other actions may be
performed.
[0057] FIG. 7 illustrates a system block diagram, according to some
embodiments. FIG. 7 illustrates ablock diagram of a device 700 that may
represent any of the wireless devices discussed herein and may implement any of
the flow diagrams or processing discussed herein. Such a device 700 could be,
for example, a station designed to coexist in the presence of 802. 11 p devices.
Thus, the device 700 may implement the receiver 302, 304 of FIG. 3, the
receiver portion 502 of FIG. 5, and/or the flow diagram 600 of FIG. 6.
[0058] The device 700 may include aprocessor 704, amemory 706, a
transceiver 708, antennas 710, instructions 712, 714, and possibly other
components (not shown).
[0059] The processor 704 comprises one or more central processing
units (CPUs), graphics processing units (GPUs), accelerated processing units
(APUs), signal processors, or various combinations thereof. The processor 704
provides processing and control functionalities for the device 700 and may
implement the flow diagrams and logic described above.
[0060] The memory 706 comprises one or more transient and/or static
memory units configured to store instructions 712, 714 and data for the device
700. The transceiver 708 comprises one or more transceivers including, for an
appropriate station or responder, amultiple-input and multiple-output (MIMO)
antenna to support MIMO communications. For the device 700, the transceiver
708 receives transmissions and transmits transmissions. The transceiver 708
may be coupled to the antennas 710, which represent an antenna or multiple
antennas, as appropriate to the device 700. The transceiver 708 may also
implement all or portions of the receivers described above to receive (or to help
receive) the 802.1 In/ac and 802.1 | p signals described above.
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[0061] The instructions 712, 714 comprise one or more sets of
instructions or firmware/software executed on a computing device (or machine)
to cause such a computing device (or machine) to perform any of the
methodologies discussed herein. The instructions 712, 714 (also referred to as
computer- or machine-executable instructions) may reside, completely or at least
partially, within the processor 704 and/or the memory 706 during execution
thereof by the device 700. While the instructions 712 and 714 are illustrated as
separate, they can be part of the same whole. The processor 704 and the
memory 706 also comprise machine-readable storage media. The instructions
712 and 714 may implement, for example, all or part of the flow diagram 600 of
FIG. 6. Additionaly, or alternatively, the instructions 712 and 714 may
implement other processing and functionality discussed in conjunction with the
other embodiments above such as FIG. 3 and/or FIG. 5.
[0062] In FIG. 7, processing and control functionalities are illustrated as
being provided by the processor 704 along with the associated instructions
712and 714. However, these are only examples of processing circuitry that
comprise programmable logic or circuitry (e.g., as encompassed within a
general-purpose processor or other programmable processor) that istemporarily
configured by software or firmware to perform certain operations. In various
embodiments, processing circuitry may comprise dedicated circuitry or logic that
ispermanently configured (e.g., within a special-purpose processor, application
specific integrated circuit (ASIC), or array) to perform certain operations. It will
be appreciated that a decision to implement a processing circuitry mechanicaly,
in dedicated and permanently configured circuitry, or in temporarily configured
circuitry (e.g., configured by software) may be driven by cost, time, energy-
usage, package size, or other considerations.
[0063] Accordingly, the term "processing circuitry" should be
understood to encompass atangible entity, bethat an entity that isphysically
constructed, permanently configured (e.g., hardwired), or temporarily configured
(e.g., programmed) to operate in a certain manner or to perform certain

operations described herein.
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[0064] The Abstract is provided to comply with 37 C.F.R. Section
1.72(b) requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the understanding that it will
not be used to limit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detailed description, with each
claim standing on its own as a separate embodi ment.
[0065] The term "computer readable medium,” "machine-readable
medium" and the like should be taken to include a single medium or multiple
media (e.g., a centralized or distributed database, and/or associated caches and
servers) that store the one or more sets of instructions (e.g., 712, 714). The
terms shall also betaken to include any medium that is capable of storing,
encoding or carrying a set of instructions (e.g., 712, 714) for execution by the
machine and that cause the machine to perform any one or more of the
methodologies of the present disclosure. The term "computer readable
medium,” "machine-readable medium" shall accordingly betaken to include
both "computer storage medium,” "machine storage medium" and the like as

well as "computer communication medium,” "machine communication medium"

and the like. The terms "computer storage medium,” "machine storage medium"
and the like shall betaken to include physically tangible sources including, solid-
state memories, optical and magnetic media, or other tangible devices and
carriers. These terms specifically exclude signals per se, carrier waves and other
such physicaly intangible sources. The terms "computer communication
medium,” "machine communication medium” and the like shall betaken to
include the physically intangible sources including, signals per se, carrier wave
signals and the like that are specifically excluded by the terms "computer storage

medium,” "machine storage medium" and the like.

[0066] It will be appreciated that, for clarity purposes, the above
description describes some embodiments with reference to different functional
units or processors. However, it will be apparent that any suitable distribution of
functionality between different functional units, processors or domains may be

used without detracting from the embodiments of the disclosure. For example,
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functionality illustrated to be performed by separate processors or controllers
may be performed by the same processor or controller. Hence, references to
specific functiona units are only to be seen as references to suitable means for
providing the described functionality, rather than indicative of a strict logical or
physical structure or organization.
[0067] Although the present embodiments have been described in
connection with some embodiments, it isnot intended to be limited to the
specific form set forth herein. One skilled in the art would recognize that
various features of the described embodiments may be combined in accordance
with the disclosure. Moreover, it will be appreciated that various modifications
and alterations may be made by those skilled in the art without departing from

the scope of the disclosure.

[0068] The following represent various example embodiments.
[0069] Example 1. A wireless device comprising:

[0070] at least one antenna;

[0071] transceiver circuitry coupled to the a least one antenna, the

transceiver circuitry configured to receive an 802.1 1 p communication and an

802. 1In/fac communication;

[0072] memory;
[0073] aprocessor coupled to the memory and transceiver circuitry; and
[0074] instructions, stored in the memory, which when executed cause

the processor to:

[0075] initiate aplurality of processes upon detection of an incoming

signal, the plurality of processes comprising afirst process associated with the
802. 1Infac communication and a second process associated with the 802. 1l p

communication;

[0076] upon identification of the 802. 11 p communication:
[0077] terminate the first process; and

[0078] trigger 802. 11 p collision avoidance;

[0079] upon identification of the 802.1 Infac communication:

[0080] terminate the second process; and

PCT/US2013/071907
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[0081] continue 802.1 In/ac processing.
[0082] Example 2. The wireless device of example 1wherein the

transceiver circuitry averages N Short Training Sequence intervals and uses a

resultant average to detect an incoming signal.

[0083] Example 3. The wireless device of example 2 wherein N is either
one or two.
[0084] Example 4. The wireless device of examples 1, 2 or 3wherein

the 802.1 | p collision avoidance comprises switching channels.

[0085] Example 5. The wireless device of examples 1, 2, 3 or 4 wherein
the 802.1 1 p collision avoidance comprises refraining from transmission for a

period of time.

[0086] Example 6. A method comprising:

[0087] receiving an incoming signal occupying one of aplurality of
bandwidths;

[0088] upon detection of the incoming signal, initiating afirst
processing of the incoming signal and a second processing of the incoming
signa;

[0089] the first processing of the incoming signal comprising:
[0090] determine whether the incoming signal is an 802. 1in/ac
communication occupying afirst bandwidth of the plurality of bandwidths;
[0091] upon determining that the incoming signal is an 802. 1In/ac
communication then:

[0092] terminating the second processing; and

[0093] initiating actions in accordance with the received

802. 1In/ac communication;

[0094] the second processing of the incoming signal comprising:
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[0095] determine whether the incoming signal isan 802. 1lp
communication occupying a second bandwidth of the plurality of bandwidths;
[0096] upon determining that the incoming signal isan 802. 1l p
communication then:

[0097] terminating the first processing; and

[0098] initiating a collision avoidance processing.

[0099] Example 7. The method of example 6 wherein the second
bandwidth isless than the first bandwidth and wherein identifying the incoming
signal comprises processing received signal samples to place afilter of the
second bandwidth within the first bandwidth and evaluating an output of the
filter to determine whether a signal of the second bandwidth exists within the
first bandwidth.

[00100] Example 8. The method of examples 6 or 7 wherein aplurality
of filters of the second bandwidth are placed within the first bandwidth.

[00101] Example 9. The method of examples 6, 7 or 8 further comprising
forming an average over N short training sequence intervals and using the

average to detect the incoming signal.

[00102] Example 10. The method of example 9 wherein N is either one

or two.

[00103] Example 11. A wireless communication device comprising:
[00104] areceiver configured to receilve communication signals
occupying aplurality of bandwidths; and

[00105] adetector, in communication with the receiver, configured to
detect apresence of an incoming signal;

[00106] afirst incoming signal processor configured to:
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[00107] determine whether the incoming signal is afirst signa occupying
afirst of the plurality of bandwidths;
[00108] when the incoming signal isthe first signal, terminate processing

performed by a second incoming signal processor; and
[00109] when the incoming signal is not the first signal, execute a
collision avoidance process associated with a second signal occupying a second

of the plurality of bandwidths;

[00110] the second incoming signal processor configured to:
[00111] determine whether the incoming signal isthe second signal;
[00112] when the incoming signal isthe second signal, terminate

processing performed by the first incoming signal processor; and
[00113] when the incoming signal is not the second signal, terminate

processing associated with the second signal.

[00114] Example 12. The wireless communication device of example 11
wherein a least aportion of the first incoming signal processor isimplemented

using aprocessor and instructions.

[00115] Example 13. The wireless communication device of examples 11
or 12 wherein at least aportion of the second incoming signal processor is

implemented using aprocessor and instructions.

[00116] Example 14. The device of examples 11, 12 or 13 wherein the
first signal is associated with an 802.1 Infac communication and the second

signal is associated with an 802. 11 p communication.

[00117] Example 15. The device of examples 11, 12, 13 or 14 wherein
the first of the plurality bandwidths is greater than or equal to about 20 MHz.
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[00118] Example 16. The device of examples 11, 12, 13, 14, or 15
wherein the second of the plurality of bandwidths is either about 10 MHz or
about 5 MHz.

[00119] Example 17. The device of examples 11, 12, 13, 14, 15 or 16
wherein the receiver comprises circuitry to compute an average over N short

training sequences.

[00120] Example 18. The device of example 17 wherein N is either one
or two.
[00121] Example 19. The device of examples 11, 12, 13, 14, 15, 16, 17

or 18 wherein the first incoming signal processor is further configured to trigger
processing associated with an 802.1 In/ac standard when the incoming signal is
the first signal.

[00122] Example 20. The device of examples 11, 12, 13, 14, 15, 16, 17,
18 or 19 wherein the second incoming signal processor is further configured to
trigger a collision avoidance process when the incoming signal isthe second

signal.

[00123] Example 21. A computer readable storage media having
executable instructions encoded thereon, which when executed, cause a system

to perform amethod comprising:

[00124] receiving an incoming signal occupying one of aplurality of
bandwidths;
[00125] upon detection of the incoming signal, initiating afirst

processing of the incoming signal and a second processing of the incoming
signa;

[00126] the first processing of the incoming signal comprising:

PCT/US2013/071907
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[00127] determining whether the incoming signal is an 802. 1lin/ac
communication occupying afirst bandwidth of the plurality of bandwidths;
[00128] upon determining that the incoming signal is an 802. 1in/ac
communication then:
[00129] terminating the second processing; and
[00130] initiating actions in accordance with the received

802. 1lInfac communication;

[00131] the second processing of the incoming signal comprising:
[00132] determining whether the incoming signal is an 802. 1l p
communication occupying a second bandwidth of the plurality of bandwidths;
[00133] upon determining that the incoming signal isan 802. 1l p
communication then:

[00134] terminating the first processing; and

[00135] initiating collision avoidance processing.

[00136] Example 22. The computer readable storage medium of example

16 wherein the detection of the incoming signal comprises forming an average
over N short training sequence intervals and using the average to detect the

incoming signal.
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CLAIMS
What isclaimed is:
1. A method comprising:
receiving an incoming signal occupying one of aplurality of bandwidths;
5 upon detection of the incoming signal, initiating afirst processing of the
incoming signal and a second processing of the incoming signal;
the first processing of the incoming signal comprising:
determining whether the incoming signal is an 802.1 In/ac
communication occupying afirst bandwidth of the plurality of
10 bandwidths;
in response to determining that the incoming signal is an
802.1In/ac communication then:
terminating the second processing; and
initiating actions in accordance with the received
15 802.1 Infac communication;
the second processing of the incoming signal comprising:
determining whether the incoming signal isan 802.11p
communication occupying a second bandwidth of the plurality of
bandwidths;
20 in response to determining that the incoming signal isan 802.11p
communication then:
terminating the first processing; and

initiating collision avoidance processing.

25 2. The method of claim 1wherein the second bandwidth is less than the
first bandwidth and wherein identifying the incoming signal comprises
processing received signal samples to place afilter of the second bandwidth
within the first bandwidth and evaluating an output of the filter to determine
whether asignal of the second bandwidth exists within the first bandwidth.

30

3. The method of claim 2 wherein aplurality of filters of the second
bandwidth are placed within the first bandwidth.
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4. The method of claims 1, 2 or 3 further comprising forming an average
over N short training sequence intervals and using the average to detect the

incoming signal.

5 5. The method of claim 4 further comprising computing amoving
average across one STS interval and wherein the STS interval is adjusted
depending at least in part on N.

6. A wireless communication device comprising:
10 areceiver configured to receive communication signals occupying a
plurality of bandwidths;
afirst incoming signal processor configured to:
determine whether the incoming signal is afirst signal
occupying afirst of the plurality of bandwidths;
15 when the incoming signal isthe first signal, terminate
processing performed by a second incoming signal processor; and
when the incoming signal isnot the first signal, execute a
collision avoidance process associated with a second signal
occupying a second of the plurality of bandwidths; and
20 the second incoming signal processor configured to:
determine whether the incoming signal isthe second
signa;
when the incoming signal isthe second signal, terminate
processing performed by the first incoming signal processor; and
25 when the incoming signal is not the second signal,

terminate processing associated with the second signal.

7. The wireless communication device of claim 6 wherein at least a
portion of the first incoming signal processor isimplemented using a processor

30 andinstructions.
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8. The wireless communication device of claim 6 wherein a least a
portion of the second incoming signal processor isimplemented using a

processor and instructions.

9. The wireless communication device of claim 8 wherein the first signal
is associated with an 802. 1In/fac communication and the second signal is

associated with an 802.1 | p communication.

10. The wireless communication device of claims 6, 7, 8 or 9 wherein the
first of the plurality bandwidths is greater than or equal to about 20 MHz.

11. The wireless communication device of clam 10 wherein the second
of the plurality of bandwidths is either about 10 MHz or about 5 MHz.

12. The wireless communication device of claim 6 wherein the receiver

comprises circuitry to compute an average over N short training sequences.

13. The wireless communication device of claim 12 wherein the receiver
circuitry computes amoving average across one STS interval and wherein the
STS interval isadjusted depending at least in part on N.

14. The wireless communication device of claims 6, 7, 8,9, 12 or 13
wherein the first incoming signal processor is further configured to trigger
processing associated with an 802.1 In/ac standard when the incoming signal is
the first signal.

15. The wireless communication device of clams 6, 7, 8,9, 12 or 13
wherein the second incoming signal processor is further configured to trigger a

collision avoidance process when the incoming signal isthe second signal.
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16. A computer readable storage media having executable instructions
encoded thereon, which when executed, cause a system to perform amethod
comprising:

receiving an incoming signal occupying one of aplurality of bandwidths;

5 upon detection of the incoming signal, initiating afirst processing of the
incoming signal and a second processing of the incoming signal;

the first processing of the incoming signal comprising:

determining whether the incoming signal is an 802.1 In/ac
communication occupying afirst bandwidth of the plurality of
10 bandwidths;
in response to determining that the incoming signal is an
802.1In/ac communication then:
terminating the second processing; and
initiating actions in accordance with the received
15 802. 1Infac communication;
the second processing of the incoming signal comprising:
determining whether the incoming signal isan 802.11p
communication occupying a second bandwidth of the plurality of
bandwidths;
20 in response to determining that the incoming signal isan 802.11p
communication then:
terminating the first processing; and

initiating collision avoidance processing.

25 17. The computer readable storage medium of claim 16 wherein the
detection of the incoming signal comprises forming an average over N short

training sequence intervals and using the average to detect the incoming signal.

18. A wireless device comprising:
30 at least one antenng;
transceiver circuitry coupled to the a least one antenna, the transceiver
circuitry configured to receive an 802.1 1 p communication and an 802.1 In/ac

communication as an incoming communication,
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memory;
aprocessor coupled to the memory and transceiver circuitry; and
instructions, stored in the memory, which when executed cause the
processor to:

5 initiate aplurality of processes upon detection of the incoming
communication, the plurality of processes comprising afirst process
associated with the 802.1 Infac communication and a second process
associated with the 802.1 1 p communication;

upon identification of the incoming signal as an 802. 1l p
10 communication :
terminate the first process; and
trigger 802.11p collision avoidance;
upon identification of the incoming signal as an 802.1 In/ac
communication:
15 terminate the second process; and

continue 802.1 In/ac processing.

19. The device of claim 18 wherein the transceiver circuitry averages N
Short Training Sequence (STS) intervals and uses aresultant average to detect

20  anincoming signal.

20. The device of claim 19 wherein the transceiver circuitry computes a
moving average across one STS interval and wherein the STS interval is
adjusted depending at least in part on N.

25
21. The device of claims 18, 19 or 20 wherein the 802.1 | p collision

avoidance comprises switching channels.

22. The device of claims 18, 19 or 20 wherein the 802.1 | p collision

30  avoidance comprises refraining from transmission for aperiod of time.
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