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able media to enable a wireless communication device are described. In one
embodiment a wireless communication device is configured for phased array
communications. The wireless communication device comprises radar cir-
cuitry to detect objects that scatter a transmit radiated signal from the wire-
less communication device. Control circuitry is used to adjust the transmit
radiated power of the phased array communications based on information
provided by the radar circuitry.
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METHOD AND APPARATUS FOR PROXIMITY RADAR IN PHASED
ARRAY COMMUNICATION SYSTEMS

5
{001]  This application claims the benefit of priority to U.S. Patent Apphication
Serial No. 15/088.478, filed April 1, 2016, which is incorporated hergin by
reference in its entirety.
16

TECHNICAL FIELD

{002]  Embodiments pertain to wireless networks and wireless commumnication
devices. Some embodiments relate to wireless local area networks (WL ANSs) and
15 Wi-Fi networks mcluding networks operating in accordance with the IEEE
80211 family of standards, such as the TEEE 802.11ac standard, the IEEE
802.11ax study group (SG) (named DensiFi) and WiGig, Other Embodiments
pertain to mobile wireless communication devices such as the 4G and 5G
cellular communication standards. The technical field more specifically pertains
20 to regulatory Specific Absorption Rate (SAR) radiation requirements, RF
exposure and Total Radiated Power limits and methods for compliance with

those limits.

BACKGROUND

25 {0831 Wireless conumunications have been evolving toward ever increasing
data rates {e.g., from IEEE 802.11a/g to IEEE 802.11n to IEEE 802.11ac).
Currently, 5G and WiGig standards are being introduced for mobile wireless
devices and Wireless Local Area Networks (WLAN) respectively. In high-
density deployment situations, the utthization of available bandwidth becomes

30 increasingly troportant. Already, there are methods of multiple access which
allocate by frequency, time and code; Time Division Multiple Access (TDMA),
Frequency Division Multiple Access (FDMA} and Code Division Multiple
Access CDMA. A further method of multiple access ts available by position,

displacement or space. For example, the cellular system allows frequency re-use
I
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by mobile devices operating in different cells separated by a certain distance
(usually the cell adjacent to an adjacent cell). Another method of Space Division
Multiple Access (SDMA) is by using multiple antennas and directional antennas.

Phased array antenna svstems allow a device to electronically control the

[

direction of transmitied power or the direction in which an antenna is sensitive.

Since the direction is electronically variable, il can be adapted o a variety of

environments. It can also provide a method to avoid radiating energy into a

blocking object or a person. However, for that purpose, the wireless device has

some method of determinimg the location of blocking objects or a person.

10

BRIEF DESCRIPTION OF THE DRAWINGS
[804] FiG. 1 illustrates a wireless mobile device comprising six phased array
antenna modules for use with certain embodiments described herein,
{005]  FIG 2. lustrates a mobile wireless device with two phased array

15 anmtenna elements, each with a corresponding Remote Front End Module
(RFEM) i accordance with some embodiments described heremn.

[006] FIG. 315 a drawing of a mobile device containing a plurality of
proximity sensors 1o detect the location of nearby objects or of a person in
accordance with some embodiments described herein.

20 {087]  FIG. 4 shows a Radio Frequency (RF) phased array communication
module including circuitry for up and down conversion to the lnterrediate
Frequency {IF) in accordance with some embodiments described herein.

[008] FIG. 5 shows the baseband receiver for the phased array
commumications in accordance with some embodiments described herem.

25 {099 FIG. 6 a block diagram of a phased array Remote Front End Module
{RFEM) impiemented with radar circuitry for proximity detection in accordance
with some embodiments.

{0016] FIG. 7 15 a block diagram of a phased array RFEM that 1s utihized for
communications and for radar in accordance with some embodiments described

30 herein

{00131] FIG. 8 shows a basic radar system that can be configured for

Continyous Wave (UW) radar in accordance with some embodiments,

~
P
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{0012] FIG. 9 shows another embodiment of a radar svstem similar to that of
FIG. §, but using a separale transmit anlenna and receive antenna with no
directional coupler in accordance with some embodiments.

{0013] FIG 10 is an operational flow chart for the proximity detection and

[

adiustment of a phased array wireless communication system in accordance with
some embodiments described herein.

{0014] FIG. 11 itlustrates an example of a device 1100, which may be a phased
array communication system including circutiry 1o transmit and receive signals
and a short range proximity radar in accordance with some embodiments.

10 {0018] FIG 1215 a block diagram of a computer system machine that is used
to implement a device in some implementations of the various embodiments

described herein.

DETAILED DESCRIPTION

15 [00i6] Embodiments relate to systems, devices. apparatus, assemblies,
methods, and computer readable media to enhance wireless commumications,
and particularly to communication systems using phased array antenmas. The
following description and the drawings llustrate specific embodiments to enable
those skilled i the art to practice them. Other embodiments can mcorporate

20 structural, logical, elecirical, process, and other changes. Portions and features of
some emsbodimenis can be included n, or substituied for, those of other
embodiments, and are intended to cover all available equivalenis of the elements
described.
{0017] FIG. | illustrates a wireless mobile device 110 comprising six phased

25  array antenna modules for use with certain embodiments described herein. A
four of the six phased array antenna modules are side mounted dipole antenna
modules 120, 130, 140, and 150. The remainder of the six phased array antenna
modules are patch antenna phased array antenna modules 160 and 165. Using
the six antenna phased array modules, the device is capable of directed radiation

30 in all 6 directions {Up, Down, North, South, East and West). Wireless mobile
device also includes a Radio Frequency Integrated Circuit (RFICY 170 and a
coaxial connector 180. These elements of FIG. 1 illustrate an embodiment of

3
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[

10

13

20

30

how the phased array antenna modules can be arranged around other elements in
the mobile device and still retain the ability to radiate and receive in all six
directions.

{0018] FIG 2. illustrates a mobile wireless device 230 with two phased array
antenna elements, each with a corresponding Remote Front End Module
{(RFEM) 210 and 220 in accordance with some embodiments described herein
The screen is also shown as element 240, The plurality of phased array antenna
modules may be implemented to overcome blocking by a human body or an
object. If one antenna is blocked, there would still be a strong hkelihood that the
other antenna is not. While this solves, to some extent, the problem of a blocked
transmit signal, it does not stop the possibility of radiating power into a person.
Further it does not prevent the power waste incurred by radiating into a blocking
object.

{0019] Specific Absorption Rate (SAR) 1s a unit of measure for the amount of
Radio Frequency {RF} power absorbed by the body when using an R¥ device
operating below 6 GHz. SAR 1s used o measure the radiated power absorbed by
MRI scans, mobile phones, wireless access points, microwave ovens among
other devices. Uther methods are used to measure RF exposure and Total
Radiated Power above 6 GHz. The Federal Commmumications Commussion (FCC
and other federal governmental agencies around the world operate such that any
wireless device 18 evaluated to meet RF exposure limits.

{0020] One such method of addressing the SAR problem is to detect the
presence of a signal blocker {(such as a person) and alter the radiated power
accordingly. Upon the detection of a blocking object or person, the phased array
commmumication device could change the direction of the phased arrav antenna or
re-distribute the transmit power o different phased array antenna modules that
are not blocked. Various methods for proximity sensing exist that could be
employed to perform such a function.

{0021] FIG. 3 1s a drawing of a mobile device 330 containing a plurality of
proximity sensors {o detect the location of nearby objects or of a person in
accordance with some embodiments described herein. Mobile device 330
comprises a display 340, two phased array antenna modules 310 and 320 and a

4
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number of proximity sensors 1o determine if a blocking object is present. This
inchudes a capacitive proximity sensor 350, a camera 360 which may possibly be
used as some type of sensor, an infrared sensor 370 and another capacitive

proximity sensor 380.

[

{0022] Proximity sensors can be implemented in a vanety of ways. For

example, capacitive proximity sensors rely on the electric field between the

sensor and the target. The sensor is formed by one side of g paraliel plate

capacitor which is charged to produce an electric field. When a foreign object

comes close enough to disturb the electric field, a dynamic capacitance is formed

10 between the foreign object and the capacitive sensor. The disturbance 1s used to
detect the proximity of a foreign object or a person. An inductive proximity
sensor operates in much the same way except that the field is magnetic. There
are other types including ultrasonic proximily sensors and infrared proximity
sensors. However, they are impractical solutions for the intended application.

15 Specifically, the cost of the sensors, the physical size of the sensors and their
fimited directionality make them less suitable.
{0023] Short range radar or a short range phased array radar does not suffer
these drawbacks and is the preferred embodiment. A short range radar can emit
fow level radiation in a band that complies with FCC regulations {e.g. the ISM

20 bands like 24GHz or 61GHz). As with any radar, a signal can be radiated from a
transmit antenna and the echo or the reflected signal produced by a target can be
sensed by a receiver. The nature of the echoed signal may provide information
about the target inchuding range, type of material etc. If the radar is implemented
with a phased array system, it is capable of these measurements in nultiple

25 directions and can determine which phased antenna arrays are blocked and
which directions those phased arrav antennas are blocked in. With that
information, the gain of the phased array antenna module can be electronically
redirected or the transoit power can be adjusied or redistributed to a different
phased array antenna module so as to avoid the blocking object and ensure

30 compliance with SAR regulations. Not only does this solution afford compliance

with SAR regulations, 1t provides a method to avoid the reduction in the radiatec

power efficiency that would otherwise be incurred by radiating energy into a

5
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blocking objecting.
[0024] Since the phased array antenna may be blocked by an object or person
within close proximuty, the radar may be operating inside the near field radiation

pattern. For example, at 24 GHz the wavelength in free space 1s 1.25

[

centimeters. Since a person could be as close or closer to the antenna array, near
field coupling is likely. The near field coupling will produce a change or
nustoatch in the driving point antenna imapedance. The incident wave upon the
antenna would then be reflected instead of radiated due to the impedance
mismatch. Tn etther case of near field coupling or far field radiation, the
10 detection of a reflected signal would indicate the presence of a blocking object.
{0025] The phased array radar can be implemented to cover some or all
directions with inexpensive components and with a minimal physical foot print.
Also, the phased array radar being deseribed below in various embodiments uses
sinmilar devices as a wireless communication svstem. This allows for the
15  practical incorporation and re-use of material, RF components, and antennas
which will reduce the implementation cost. Further, by using the same phased
array antenna, the radar can emulate the operating conditions that exist while
conumunicating which may cause a SAR violation. The operating conditions
while commumnicating include the location of the radiated source, the directivity
28 of the radiated source and the type of radiation being emitted. This reduces the
possibility of a missed detection or a false alarm. In some embodiments, other
types of proximity sensors are placed in different locations within the wireless
device and with a different directional sensitivity than the communication
phased array antenna modules. Also other types of proxinuty sensors do not have
25 the capability to range as accuratelv as the radar system described.
{0026] FIG. 4 shows a Radio Frequency (RF} phased array communication
module including circuitry for up and down conversion to the Intermediate
Frequency (IF) in accordance with some embodiments described herein. The
phased array antenna module 410 comprises a number of antenna elements, each
30 of which can be connected through a switch matrix 420 to the transmit and
recetve chains. This way, each antenna element can be dynamically configured
for transmitting or receiving. The switch matrix 420 is connected to a bank of

6
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Low Noise Amplifiers (LNA}) 430 and a bank variable phase shifters 440 The
outputs of the phase shifiers are added together in the RF combiner 450. The
output of the combiner is further amplified by the RF amplifier 460, down

converted to the IF frequency by the down conversion mixer 462 and further

[

amplified by the IF amplifier 464. Filtering stages that may be mntroduced
anvwhere through the receive chain are not shown. The down converted IF
signal 1s passed through the triplexer to the baseband module shown i FIG. 3.
The triplexer also feeds the IF transmit signal from the baseband module to the
RFEM. The IF transmit signal 15 amplified through the IF amplifier 474, up
10 converted through the up conversion mixer 472 and amplified again by the RF
amplifier 470. Here the RF {ransnut signal is split into a plurality of transmit
signal paths by the RF splitter 455. Each transmit signal path is adjusted by the
phase shifters 445 and passed through RF power amplifiers 435. The RF transmit
signals are then passed through the TX/RX switch roatrix 420 to be radiated by
15 elements in the phased array antenna module 410, As with the receive path,
filtering may be introduced anywhere along the transmit chain and 1s not shown,
Finally, the Local Oscillator (1.0} signal 1s generated by the RF synthesizer 480
using a reference derived from the baseband module through the triplexer 490.
The IF LO amplifiers 468 and 478 boost the LO signal to an appropriate level to
28 drive the mixers. 15 also possible to use dedicated antenna elements directly
connected to the LNAs 430 and the Power amplifiers 435 and omut the swiich
matrix 420,
[0027] FIG. 5 shows the baseband receiver for the phased array
conwnunication svstem in accordance with some embodiments described herein.
25 The triplexer 510 is used to pass a reference signal and a transmit signal to the
RF module and also used 1o receive the receive signal from the RF module. The
received signal is passed through another IF amplifier 510, through the down
conversion mixers 520 and 530, filtered by the low pass filters 524 and 534 and
converted through the Analog to Digital Converters (ADC) 528 and 534, The
30 recetve signal paths through 520 and 530 are for the in-phase and quadrature
signal components respectivelyv. These signals are passed to baseband moderm
560 for detection. The baseband modem 560 also generaies the baseband

7
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transmit signal which is converted to analog through the Digital to Analog
Counverters (BAC) 548 and 358, filtered by the low pass reconstruction filters
544 and 554, through the up conversion mixers 540 and 550, The In-Phase and

Quadrature-Phase signal components from the up-conversion nixers 540 and

[

550 are added and amplified through the IF amplifier 518 and finally passed to
the RF module through the triplexer 518, Finally, the local oscillator signals are
generated from the crvstal oscillator 570 and the IF synthesizer 580. The
reference signal is generated from the IF synthesizer 580 through the frequency
divider 515 and passed {0 the RF module through the inplexer 510 F1Gs. 4 and
10 5 together show a representative phased array wireless communication systent
This is not to exclude the multitude of vartations that could be used such as a
digital IF architecture or a direct conversion architecture. The functionality can
be divided into various modules (here 1t 18 divided into a baseband module and
an RF module) or it can be combined all together without using a triplexer to
15 communicate between modules. The RF, IF and baseband devices can also be
combined into multiple Integrated Circwnts (ICs) in a number of different ways
or can be all corbined into a single RFIC.
{0028] Phased array communication Systems are becoming more and more
profific in wireless commumnications most notably in the WiGig and 5G standards
20 for smartphones, tablets, laptops, WLAN access points and other wireless
devices. A phased array cornmunication system uses an array of antennas to sicer
the transomt signal in particular direction. The directional conirol is achieved by
phase shifting the signal to each antenna so that in a certain direction, the
transmutted signals add coherently or constructively. In other directions the
25 transmitted signals add destructively, and the radiated power in those diractions
is reduced or nulled. In this way, the radiated energy can be focused and
directionally controlled towards the target, or towards the receiver.
{0029] In a sitmlar way the received signals from each antenna are phase
shifted such that they add constructively when received from one direction, and
30 they add destructively when received from another direction. It is the
combination of the phase shift incurred by the difference in path delay between
antennas and the phase shift introduced by the phase shifters that determine

8
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whether a signal in a particular direction is constructively or destructively added.
In this manner the directionality of the anienna can be adjusted by changing the

phase delay 1ntroduced by each phase shifter. The phased array antenna system is

essentially a directional antenna in which the directivity of the antenna can be

[

electronically altered or controlled. The control comes at a hardware cost of the

additional antenna elements that compnse the phased array antenna module, the

plurality of armphifiers (either LNAs or PAs), the plurality of variable phase
shifters along with a power splitier on the transmit side and a power combiner to
add the signals on the receive side. Further costs are to conirol the additional

10 hardware. Never the less, the antenna elements are inexpensive and can be easily
integrated into a wireless mobile device. And the additional circuit components
can be incorporated into the Communication Radio Frequency Integrated Circuit
(RFIC) making this a practical and beneficial method to implement a wireless
communication system.

15 [0036] FIG. 6 a block diagram of a phased array Remote Front End Module
(RFEM) implemented with a radar systern for proximity detection in accordance
with some embodiments. The phased arrav RFEM consists of a phased array
antenna module 610, a bank of switches 620 to connect the phased arrav module
elements 610 for transmutting or receiving. It finther comprises a bank of LNAs

20 and PAs 630, a bank of phase shifters 640 o control the directivity, a Transmit
(TX} power splitter 630 to divide the transnut signal into a plurality of transroit
paths and a receive (RX) power combiner 660 to add the received signals from
the phased array antenna module 610. The system also includes a radar antenna
615 and radar hardware 670. The radar antenna element 615 13 drawn together

25  with the antenna phased array 610 in a combined antenna module 680 to indicate
stmilarity in material, size and position within the wireless conmmunication
device. Specifically, the radar antenna 615 could be physically built as part of the
phased array antenna module 610, The radar hardware 670 is also drawn to
indicate the simularity in circuit components with the communication svstem

30 RFEM. Specifically, part of the radar system could be integrated into the radio

frequency integrated circuit (RFIC) 690. 1t 1s clear that the additional antenna

and the additional hardware could be included with very little additional cost and

g



WO 2017/172198 PCT/US2017/020116

with a very small physical footprint,
[0033] FIG. 7 18 a block diagram of a phased array RFEM that is utilized for
communications and for radar in accordance with some embodiments described

herein. In this embodiment, the radar system re-uses the communication phased

[

array antenna module for the radar antenna. It also re-uses the RFEM of the

phased array communication system. The phased array commumication system is

comprising a phased array antenna 710, a switch matrix 715 to connect different

antenna elements for fransmit or receive mode of operation, a bank of LNA’s and

PA’s 720, a bank of phase shifiers 7235, an RX combiner 730, and a TX splitter

10 735 The operation of these elements i1s the same as that described in FIG. 4.
However, the input of the TX power splitter 735 is connected to an RF switch
746 through an RF ampiifier 740. Sumularly, the output of the RX power
combiner 730 15 connected to an RF switch 748 through an RF amplifier 742,
The RF switches 746 and 748 can be set to allow the phased array antenna

15 module and the RFEM 1o be used by either the communication system or the
Radar system. The communication system operates as described earlier with
FIG. 4. It 15 comprising IF arophifiers 750 and 760, Mixers 754 and 764, RF
amplifiers 758 and 768, an RF synthesizer 770, a Triplexer 780 and a radar
hardware module 790. Clearly, the re-use of the phased array antenna module

20 and the RFEM (o implement a radar sysiem represents a considerable reduction
i hardware.
{0032] FIG. 8 shows a basic radar system that can be configured for
Continucus Wave (CW) radar in accordance with some embodiments. The basic
operation of a radar is that a signal is radiated from an antenna. The signal

25 radiates outwardly in space until it encounters an object. At that point, the
radiated wave is scattered meaning some of the radiation enters or is transmiited
through the object and some of the radiation s reflected by the object. The
characteristics of the object such as the size of the object, the shape of the object
and the type of material the object is made of determine how much radiated

30 energy is absorbed or transmitted through the object and how much radiated

energy is reflected by the object. The radiated energy that is retlected back

towards the transmutter is called the back scatter. The reflected signal or scattered

10
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signal is received by the radar and processed. This processing involves the
extraction of imformation from the reflected signal such as reflected power,
range, Doppler and so on.

{0033] For CW radar, the transmitied signal 15 a constant frequency fone

[

generated by the VCO 840 while holding the output of the chirp generator 860
constant. This is arnplified by the RF power amplifier 830, and connected to the
antenna 810 through the directional coupler 820, The transnutted carrier wave 15
reflected back by an object to the antenna module 810. The received reflected
signal 1s passed through the directional coupler to the low noise amphifier (LNA)
10 835 The low noise amplifier output and the VCO output are connected to the
passive interferometric six port device 850. This device adds the input signals
from the VCO and from the LNA at four relative phase offsets and provides an
ouiput for each; 8, 90, 180 and 270 degrees. Depending on the phase difference
between the VCO output and the reflected signal, each output of the six port 850
15 will constructively or destructively add by varving amounts. The phase
difference can then be determuned by the power of each output from 850 using
power detectors 880, 883, 885, and 887. The power 15 sensed by the ADCs 870,
873, 875 and 877 and processed in DSP 890. A range can then be determined
from the phase difference between the transmuited signal and the reflected signal.
20 The outpuis can also provide a measure of the strength of the reflection which
can help in deternuning the degree to which a blocking object is present. The
accuracy of the range detection depends on the accuracy of the power detectors
and the calibration.
{00341 Insome ernbodiments, the reflected signal will clearly be stronger if an
25 object is closer to the transmitter and usually larger objects will also reflect more
energy. This information may be used to determine if the phased array antenna
module is blocked. In FIG. 8, filters that would be used for frequency selection
and to improve sensitivity are not shown. As previously discussed, the
possibility also exists for the blocking object to reside within the near field
30  radiation pattern of the antenna. In this case, the antenna will exhibit a different
driving point impedance as seen by the transmitter. The transmat wave will then
be reflected by the mismatched impedance which can also serve as a method to

11
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deternune if a blocking object 1s present.
[0035] In the radar system described in FIG. 8, a directional coupler 820 is
used to isolate the transmut and receive signals. This 1s necessary because the

transmitter and the receiver operates simultanaously and at the same frequency.

[

Therefore, without sufficient isolation, the TX signal could bleed through to the
receive path and be nustaken for a reflected signal. By using the directional
coupler 820, the transnut and receive signals are separated or isolated by the
direction of energy flow. The directional coupler could be implemented by a
parallel Iine coupler, a 90 degree hybrnid coupler, a circulator or any other device
10 that provides directional 1solation.
{0036] In the previous embodiment using CW radar, there is a range ambiguity
problem. It is not known if the measured phase difference wraps around one or
more times as it travels (o the target and back. In ancther embodiment, a
Continuous Wave Frequency Modulated (CWFM) radar could be implemented.
15  Here the chirp generator creates a ramping “chirp” which FM modulates the
transmitted signal. The round trip time requared {or the transmit signal to
propagate to the target object, reflect and propagate back to the receiver is called
the time of flight. The range to the target is then known from the time of flight
and the speed with which the signal propagates (the speed of light for RF
28 radiation in free space). The reflecied signal will retumn oscillating at the same
frequency it was transmutted. Since the VCO frequency 1s increasing or ramping
up at a constant rate during the time of flight, there is a direct relationship
between the time of flight and the frequency delta between the received
frequency and the transruit frequency. By comparing the current VCO frequency
25  and the reflected signal frequency the range to target can be estimated withowt
the range ambiguity problem described above.
[8037] As described herein, a “return” signal refers {0 any reflection,
scattering, near field coupling, or any other such signal that is identified from a
transmmit radiated signal of a device. A return signal thus refers to radiation from
30  the device, and does not refer to a signal from another device.
{0038] FIG. 9 shows another embodiment of a radar system similar to that of
FIG. 8, but using a separate transmit antenna 910 and receive antenna 920 with

i2
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no directional coupler in accordance with some embodiments. However, in this
embodiment, rather than using a directional coupler 820 {0 isolate the transmit
and recetve signals, a separate transroit anterma 910 and receive antenna 920 are

used. If the antenna characteristics and arrangement or separation of the antennas

[

are sufficient to provide enough isolation, this 1s a viable alternative. The hard

ware operates identically to that shown in FIG. & The radar hardware 18

comprising a power amplifier 930, an LNA 933, a Voltage Controlled Oscillator

(VCQ) 940, passive interferometric six port device 950, a chirp generator 960,

power detectors 980, 983, 985 and 987, Analog to Digual Converters (ADC)

10 970, 973, 975 and 977and a DSP module 990.
{08639] The types of radar described above and the hardware shown is not to
limit the scope of the embodiments. Other tvpes of radar and other methods of
generating and detecting can also be implemented using the method and
hardware re~use described herein. The embodiments described above can be

15  modified in a variety of ways. For example, in one embodiment, the radar
antenna module 615 may be connecied to a divectional coupler to simultaneously
support transomt and receive operation on the same antenna elements. Or the
radar antenna module 615 may incorporate a transmit and a receive antenna.
Here again, the radar antenna module 615 can be designed as part of the phased

20 array commumication antenma 610 providing nunimal spatial separation. In
another embodiment, the phased array conununication antenna 710 could be
shightly modifiad and re-used for radar operation. The transmit comnumnication
mode of the phased array antenna 710 could also be used to transmit the radar
signal. The transmitted radar signal would be radiated from the same position

25  and in the same direction as the transmit communication signal. Then additional
antenna elements added 1o the phased arrav antenna module 710 could be used
for receiving the reflected signal. Tn this way, the system could partially
umplerment a phased array radar where the directivity of the transmit radar signal
15 electronically conirolled. Or the opposite approach could be implemented

30 where the additional antenna elements included i 710 could be used for

transmutting the radar signal and the remaining antenna elements in 710 could be

used as a phased array recetve antenna as they are used in communication mode,
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{0040]  In further variations of the embodiments described above, the hardware
and antenna modules could be added to operate the phased array communication
system and the radar system simultaneously. Further still, it may be possible to

perform the radar detection using the reflection of fransmit communication

[

stgnal. In vet another embodiment, the RF synthesizer 770 could be used to

generate the CW transmif radar signal and with shght modifications could also

be used to generate the FMCW transmit signal. The sinularity between radar
systems and commumication systems and between phased array radar svstems
and phased array commurication systems offer the opportunity to combine and

10 re-use elements of each system in many different ways.

{0041] FIG. 10 is an operational flow chart for the proximity detection and
adiustment of a phased array wireless communication system in accordance with
some embodiments described herein. In the fivst operation 1010, the wireless
communication device activates a radar built into the wireless communication

15  device The radar may use the same antennas as used for communication or it
may use certain antenna elements within a phased array antenna module that is
normally used for wireless conmymunication or it may use its own dedicated
antenna. The radar circuitry may be implemented in the same radio frequency
integrated circuit (RFIC) as the comimunication circuitry or at least a part of the

20 communication circuitry. It may also be implemented 1 a separate RFIC. The
radar circuitry could even re-use some of the same circuitry that 15 normally used
for conumunication.

[0042] In operation 1020, the radar system detects an object that is blocking or
scattering a transroit radiated signal froro the wireless communication device,

25 This may be detected by a signal reflecting back from the object (the back
scatter). It may also detect the reflection resulting from near field coupling
between the antenna and the blocking object. Tn this case, the near field coupling
imtroduces a variation in antenna impedance which results in a nusmatch
between the antenna and the antenna feed. The mismatched load causes a

30  reflection on the antenna feed which the radar system can detect. The

determination of near field coupling or far field radiation depends on the

wavelength (known by the frequency and relative permittivity through which the
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obiect is electromagnetic wave is travelling}, the distance or range between the
antenna and the object and the size and shape of the anterma and the object.
{0043] In operation 1030, the transmit radiated power of the phased array
commmumication system is adjusted depending on the location, range and amount
of reflected power of the blocking object. The adjustment could involve a simple
reduction in total transmit power 1o a particular phased array antenna module,
The adjustment could redistribute the power to different phased array antenna
modules, which could involve simply switching on antenna module off and
switching another antenna module on. The radiaied power adjustment may also
mclude a directional adjustment to one or more of the phased array antenna
modules. The goal of the adjustment is to ensure compliance with SAR
regulations and radiation exposure limits and also to avoid power waste by
radiating energy into a blocking object while commuricating.

EXAMPLES

{0044] In vanious embodiments, methods, apparatus, non-transitory media,
computer program products, or other irmoplementations may be presented as
example embodiments in accordance with the descriptions provided above.
{ertain embodiments may inchude UE such as phones, tablets, mobile
computers, or other such devices. Some embodiments may be integrated circuit
components of such devices. In various other devices, various combinations of
hardware circuitry, fivmware, and software are used o implement the spur
cancellation as described herein. In some embodiments, functionality may be on
a single chip or multiple chips in an apparatus.

[0045] Exarople 1 15 an apparatus of a wireless communication
device, the apparatus comprising: commmuication circuitry for phased array
communications configured to be coupled to one or more phased array antenna
modules, the one or more phased array antenna modules comprising a plurality
of antenna elements; transmit circuitry configured to transmut a transroit radiated
signal; radar circuitry configured to detect a return signal from the transmit
radiated signal from the wireless commumication device; and control circuitry to
mitiate an adjustment o a transmit radiated power of the communication
circuitry based on the return signal detected t by the radar circuitry.

i
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[0046] in Example 2, the subject matter of Example 1 optionally
inchudes wherein each phased array antenna moduale of the one or more antenna
modules comprises a corresponding plurality of antenna elements; and wherein

the radar circuitry is further configured to detect a portion of the return signal as

[

a reflected signal caused by a change in antenna impedance due to a near field
coupling effect between the phased array antenna module and an object, and
wherein the control circuitry is configured to deternune that the object is within
a threshold proxinmity of the wireless device based on the change in antenna
impedance.

10 [0047] In Exarople 3, the subject matter of any one or more of Exaroples 1-2
optionally include wherein the adjustment to the transmit radiated power adjusts
the wireless communication device to comply with regulatory Specific
Absorption Rate (SAR) and RF exposure radiation hmits.

{0048] Tn Example 4, the subject matter of any one or more of Examples 1-3

15  optionally include wherein the radar circuitry 1s configured for Continuous Wave
(CW) radar or Continuous Wave Freguency Modulation (CWFM) chirped radar.
{00491 In Exarple 5, the subject matter of any one or oore of Exaroples 1-4
optionally include wherein the radar circuitry is configured to operate in an
Industrial, Scientific and Medical (JSM) radic band.

20 [00586] Tn Example 6, the subject matter of any one or more of Examples 1-5
optionally include wherein the transmat circuitry is configured to be coupled to at
least a portion of the plurality of antenna elements; and wherein the transmit
circuitry transmuts the transmit radiated signal using the portion of the plurality
of antenna elements.

25  {0051] In Example 7, the subject matter of any one or more of Examples 1-6
optionally include wherein at east a portion of the commumication circuitry for
phased array communications and at least a portion of the radar circuitry
comprise a Radio Frequency Integrated Circunt (RFIC).

[0052] In Example 8. the subject matter of any one or more of Examples 1-7

30  optionally include wherein at least a portion of the one or more of the phased

array antenna modules that are coupled to the cornmunication circuitry are also

coupled to the radar circuitry; and wherein the portion of the one or more of the

16



WO 2017/172198 PCT/US2017/020116

phased array antenna modules are used to detect the return signal as a scattered
portion of the transmit radiated signal,
{00531 In Exarople 9, the subject matter of any one or roore of Exaroples 1-8

optionally include further comprising a transmit radar antenna coupled to the

[

{fransmit circuitry and configured to radiate the transmit radiated signal, wherein
the radar circuitry comprises the transmut circuitry; and a retum radar antenna
coupled to the radar circuitry and configured fo receive the return signal.
[0054] In Example 10, the subject matter of any one or more of Examples 1-9
optionally include further comprising an RF synthesizer, wherein the RF
10 synthesizer 1s configured to be used by the communication circuitry for phased
array commumications; and wherein the RF synthesizer is further configured to
be used by the radar circuitry.
[0055] Tn Example 11, the subject matter of any one or more of Examples 1-
10 optionally include wherein the adjustiment to the transout radiated power of
15  the phased array communication includes a transmit power adjustment to one or
more of the phased array antenna modules.
{00561 In Example 12, the subject matter of any one or more of Exaroples 1-
11 optionally include wherein the adjustment to the transmit radiated power of
the phased array communication includes a directional adjustment for one or
20 more of the phased array antenna modules.
{0057] In Example 13, the subject matter of any one or more of Examples 1-
12 optionally include wherein the communication circuitry and the radar
circuitry are configured to operate simultaneously.
{0058] In Example 14, the subject matter of Example 13 optionally includes
25  wherein the transmit radiated signal comprises a data signal generated as part of
the communication circuitry.
[0059] Tn Example 15, the subject matter of any one or more of Examples 1-
14 optionally include wherein the device 1s a mobile wireless conununication
device further comprising a touchscreen interface.
30 [0068] Example 16 is an apparatus of a wireless communication device
comprising convnunication circuttrv configured to be coupled to one or more
antenna modules; radar circuitry configured to detect a return signal from a

i
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transmit radiated signal, wherein the transmut radiated signal is from the wireless
communication device; and control circuitry o inifiate an adjustment io a
transnut radiated power of the wireless communication device based on the
detection of the return signal by the radar circuitry.

{0061] In Example 17, the subject maiter of Example 16 optionally includes
wherein deiecting the return signal comprises detecting a reflected signal caused
by a change in an antermna impedance due to a near field coupling effect between
the antenna module and an object.

[0062] In Exarple 18, the subject matter of any one or more of Examples 16—
17 optionally include wherein the adjustment to the transroit radiated power
contfigures the wireless commumication device to comply with regulatory
Specific Absorption Rate {SAR) and RF exposwre radiation limiis.

[0063] Tn Example 19, the subject matter of any one or more of Examples 16—
18 optionally include wherein the adjustment to the transout radiated power
comprises an adjustment to a total transmit power adjustment for the wireless
communication device.

{0064] Esxample 20 is a non-transttory corapuier readable medium cormprising
mstructions that, when executed by one or more processors of a device
comprising a wireless communication device, cause the wireless commumication
device 1o activate radar circuitry of the wireless communication device; detect
reflections from the transmit radiated signal using the radar circuitry the wireless
communication device; and adjust a transmit radiated power generated by
communication circuitry for phased array communications based on the
detection of the object by the radar circuitry.

{0065] In Example 21, the subject matter of Example 20 optionally includes
that further causes the radar circuitry to detect an object using the retum signal
and at least a part of the one or more phased array antenna modules.

[0066] In Example 22, the subject matter of any one or more of Examples 20—
21 optionally include that further causes the radar circuitry to detect an object
using the retum signal and at least a part of the communication circuitry.

{00671 Esample 23 is a method for proxinuty radar detection with phased
array commumications in a wireless device, the method comprising: radiating a

18
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transmmit radiated signal; detecting, using radar circuitry, a return signal, wherein
the return signal comprises a partial scattered portion of the transmit radiated
signal from the wireless device, the wireless device comprising communication

circuitry for the phased array communications configured to be coupled to one or

[

more phased array antenna modules, each of the one or mwore phased array

antenna modules comprising a plurality of antenna elements; and adjusting a

transroit radiated power of the phased array communications based on the

detection of the return signal by the radar circuitry.

[0068] In Example 24, the subject matier of Example 23 optionally includes

10 further coroprising: detecting a user action using an mnput of the wireless device
prior to radiating the transmit radiated signal; communicating with a network via
the transmitted radiated signal, wherein the transmitted radiated signal comprises
a data transmussion from the wireless device to the network.
[0069] In Example 25, the subject matter of Example 24 optionally includes

15  further comprising: adjusting a power for the data transnussion as part of
adjusting the transmit radiated power in response o detection of the object.
{0070] Example 26 1s a non-transifory computer readable medium comprising
mstructions that, when executed by one or more processors of a device
comprising a wireless communication device and one or more commmmicaiion

20 phased array antenna modules, cause the wireless communication device to:
activate radar system circuitry comprised within the wireless communication
device; detect an object using the radar system circuiiry that scatters a transmit
radiated signal from the wireless commumication device; and adjust a transmit
radiated power generated by commumnication circuitry for a phased array

25  comumunication system based on the detection of the object by the radar system
circuitry.
[8071] In Example 27, the subject matter of Example 26 optionally includes
that further causes the wireless commmunication device to comply with regulatory
Specific Absorption Rate (SAR) and RF exposure radiation limits.

30 {0072] In Example 28, the subject matter of any one or more of Examples 26—

27 optionally include that further causes the wireless coromunication device to

detect the object within a near field of a phased array antenna module using the
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radar system circuitry, wherein the radar system circuitry is configured to detect
a reflecied signal caused by a change in a driving point impedance of an antenna
module due to a near field coupling effect between the antenna module and the
object.

{8073] In Example 29, the subject matter of any one or more of Examples 26—
28 optionally include that further causes the wireless communication device to
transmit continuous wave {CW) radar signals or continuous wave frequency
modulated ({CWFM) chirp radar signals.

[0074] In Example 30, the subject matter of any one or more of Examples 26—
29 optionally include that further causes the wireless cornmurucation device to
transmit radar signals at a frequency within an Industrial, Scientific and Medical
{ISM) radio band.

[8075] In Example 31, the subject matter of any one or more of Examples 26—
30 optionally include that further causes the wireless conmvmunication device to
transmit radar signals from one or more radar antenna elements comprised
within a communication phased array anlenna module.

{0076]  In Example 32, the subject matter of any one or more of Examples 26—
31 optionally include that further causes the radar system circuitry to detect the
object by transmitting or receiving radio frequency signals using ai least a part of
the communication phased array antenna module.

{0077] In Example 33, the subject matter of any ove or more of Examples 26—
32 optionally include that further causes the wireless comimunication device to
perform radar proximity detection wherein at least a part of the communication
circuitry 15 also used to implement at least a part of the radar system circuitry,
{0078] in Example 34, the subject matter of any one or more of Examples 26—
33 optionally include that further causes the wireless communication device to
perform radar proximity detection wherein one or more of the communication
phased array antenna modules used for the phased array communication svstem
are also used to implement at least a part of a phased array radar.

{0079] In Example 35, the subject matter of any one or more of Examples 26—

34 optionally include that further causes the wireless coromurucation device to
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adjust the transmit radiated power by adjusting a total radiated power of one or
more of the communication phased array antenna modules.
{00801 In Example 36, the subject matter of any one or more of Examples 26—

35 optionally include that further causes the wireless communication device to

[

communicate with the communication circuitry and radar detect with the radar
system circuitry, simudtaneously.
{0081] Example 37 is a phased array commumnication systern of a wireless
communication device comprising: means for communicating, using
communication circuiry coupled to one or more phased array antenna modules,
10 wherem the phased arrav anterma modules comprise a plurality of antenna
elements; means for detecting an object, using radar system circuitry, that
scatters a transmit radiated signal from the wireless communication device; and
means for adjusting a transmit radiated power of the phased array
communication system based on the detection of the object by the radar system
15 circuitry.
[0082] In Example 38, the subject matier of Example 37 optionally includes
further coraprising the means to detect the object inside a near field of one or
more phased array antenna modules using the radar system circuitry that is
configured to sense a change in a phased array antenna module impedance due
20 to anear field coupling effect between the phased array antenna module and the
object.
[0083] In Example 39, the subject matter of any one or more of Examples 37—
38 optionally include further comprising the means to adjust the transmit
radiated and cause the wireless communication device to comply with regulatory
25 Specific Absorption Rate {SAR) and RF exposure radiation hmits.
{0084] In Example 40, the subject matter of any one or more of Examples 37—
39 optionally include further comprising the means {o transmit contirmuous wave
(CW) radar signals or continuous wave frequency modulated (CWFM) chirp
radar signals.
30 {0088] In Example 41, the subject matter of any one or more of Examples 37—
40 optionally include further comprising the means to transout radar signals in
an Indusirial, Scientific and Medical (ISM) radio band.
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[0086] In Example 42, the subject matter of any one or more of Examples 37~
41 optionally include further comprising the means 1o use the radar svstem
circuttry wherein at least a part of the radar system circuitry 1s implemented in

an RFIC that is also used to implement the communication circuitry.

[

{0887] In Example 43, the subject matter of any one or more of Examples 37—
42 optionally include further comprising the roeans to use radar antenna
elements that are built into the coromumication phased array antenna module
when detecting the object using the radar svstem circuitry.

[0088] In Example 44, the subject matter of any one or more of Examples 37—

10 43 optionally include further comprising the means to perform radar proxanuty
detection using one or more of the communication phased array antenna
modules.

[0089] In Example 45, the subject matter of any one or more of Examples 37—
44 optionally include further coraprising the means to perform radar proximity

15 detection wherein at least a part of the communication circuitry is also used to
implement at least a part of the radar system circuitry.

{00901 In Example 46, the subject matter of any one or more of Examples 37—
5 optionally include the communication circuitry and the radar system circuitry
are configured to run simultaneously.

20 [0091] Example 47 is a method for proximity radar detection in a phased array
communication system of a wireless device, the method comprising: radiating a
transmmit radiated signal; detecting, using radar system circuitry, an object that
scatters the transmit radiated signal from the wireless device, the wireless device
comprising conynunication circuttry for the phased array communication system

25 coupled to one or more phased array antenna modules, each of the one or more
phased array antenna modules comprising a plurality of antenna elements; and
adjusting a transmit radiated power of the phased array commumnication system
based on the detection of the object by the radar system circuitry.

{0092] In Example 48, the subject matter of Example 47 optionally includes

30 further comprising adjusting the transmit radiated power such that the wireless

device complies with regulatory Specific Absorption Rate (SAR) and RF

exposure radiation limits.
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{0093]  In Example 49, the subject matter of any one or more of Examples 1
43 optionally include wherein the radar system circuitry is configured for
Continuous Wave (CW) radar or Continuous Wave Frequency Modulation
{CWEM) chirped radar.

{0094] An example of any method above implemented as a computer readable
medium comprising instructions that, when executed by one or more processors
of a device comprising a digital phase locked loop, perform the method.

{0095] Further, in addition to the specific combinations of examples described
above, any of the examples detailing further implementations of an element of
an apparatus or medium may be applied to any other corresponding apparatus or
medium, or may be implemented in conjunction with another apparatus or
medium. Thus, each example above may be combinad with each other example
in various ways both as imoplementations in a system and as combinations of
elements to generate an erobodiment from the combination of each example or
group of examples. For example, any embodiment above describing various
elernents may be implemented as circuitry with additional connecled elernents,
and may be implemented multiple times and connected in various different ways
within a single device or integrated circuit. Similarly, methods, apparatus
examples, and computer readable medium examples may each have a
corresponding example of the other type even if such examples for every
embodiment are not specifically detailed.

{0096] FIG. 11 iHlustrates an example of a device 1100, which may be a phased
array communication system including circutiry o {ransmit and receive signais
and a short range proximity radar in accordance with some embodiments. The
device 1100 can be anv mobile device, a mohile station (MS), a mobile wireless
device, a mobile communication device, a tablet, a handset, laptop, wireless
access point or other type of wireless commumication device. The device 1100
can include one or more antennas 1108 within housing 1102 that are configured
to commumnicate with a hotspot, base station (BS), an evolved node B (eNB) for
cellular network access, or other type of WLAN or WWAN access point. The
device may thus communicate with a WAN such as the Internst via a network,
access point, or base station. The device 1100 can be configured to communicate
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using multiple wireless communication standards, including standards selected
from 3GPP LTE, WiMAX, High Speed Packet Access (HSPA), Bluetooth, and
Wi-Fi standard definitions. The device 1100 can commounicate using separate

antennas for each wireless communication standard or shared antennas for

[

multiple wireless communtcation standards. The device 1100 can communicate

ina WLAN, a WPAN, and/or 8 WWAN.

{0097] FIG. 11 also shows a nucrophone 1120 and one or more speakers 1112

that can be used for audio input and output from the device 1100, A display

screen 1104 can be a liquid crystal display (LCD) screen, or other type of display

10 screen such as an organic light ernitting diode (OLED) display. The display
screen 1104 can be configured as a touch screen. The touch screen can use
capacitive, resistive, or another tvpe of touch screen technology. An application
processor 1114 and a graphics processor 1118 can be coupled to mternal memory
1116 to provide processing and display capabilities. A non-~volatile memory port

15 1110 can also be used to provide data input/ouiput options to a user. The non-
volatile memory port 1110 can also be used to expand the memory capabilities of
the device 1100. A kevboard 1106 can be integrated with the device 1100 or
wirelessly connected to the device 1100 to provide additional user input. A
virtual kevboard can also be provided using the iouch screen. A camera 1122

28 located on the front (display screen) side or the rear side of the device 1100 can
also be mntegrated into the housing 1102 of the device 1100,
{0098] FIG. 12 is a block diagram of a computer system machine 1200 that 1s
used to implement a device in some implementations of the various
embodiments described herein. Computer system machine 1200 or elements of

25 computer svstem machine 1200 may be used 1o implement any device, a mobile
phone, tablet, laptop wireless access point, wireless staiion device or any other
such device described herein. In various other embodiments, different devics
components or multiple of any element may be used 1n different devices. Some
embodiments may include other elements, such as phased array antennas, RF

30 components for commumication and radar, or other such elements imtegrated with

any of the elements described herein for machine 1200, fn various alternative

embodiments, the machine operates as a standalone device or can be connected
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{e.g., networked} to other machines. In a networked deployment, the machine
can operate in the capacity of either a server or a client machine in server-client
network environments, or it can act as a peer machine in peer-to-peer {or

distributed) network environments. The machine can be a personal computer

[

{PC) that may or may not be portable {e.g., a notebook or a netbook), a tablet, a
sei-top box (STB), a gaming console, a Personal Digital Assistant (PDA), a
mobile telephone or smartphone, a web apphance, a network router, switch or
bridge, or any machine capable of executing instructions {sequential or
otherwise) that specify actions {o be taken by that machine. Further, while only a
10 single machine 1s illustrated, the term "machine” shall also be taken to include
anv collection of machines that individually or jointly execute a set {or multiple
sets} of instructions to perform any one or more of the methodologies discussed
herein.
{0099] Example computer system machine 1200 includes a processor 1202
15 (e.g., a central processing unit {CPU), a graphics processing unit (GPU} or both},
a main memory 1204 and a static memory 1206, which communicate with each
other via an interconnect 1208 {e.g., alink, a bus, etc.). The computer system
machine 1200 can further include a video display unit 1212, an alphanumeric
input device 1212 {e.g., a keyboard), and a user interface (Ul} navigation device
28 1214 (e.g., amouse). In one embodiment, the video display unit 1212, input
device 1212 and Ul navigation device 1214 are a touch screen display. The
computer system machine 1200 can additionally include a storage device 1216
{e.g., adrive unit}, a signal generation device 1218 (e.g., a speaker), an oufput
controller 1232, a power management controller 1234, and a network interface
25 device 1220 {which can include or operably commumicate with one or more
antennas 1230, transceivers, or other wireless communications hardware), and
one or more sensors 1228, such as a Global Positioning Sensor {(GPS) sensor,
compass, location sensor, accelerometer, or other sensor. In some embodiments,
for example, an input or sensor such as 1228 receives data or an nput from a
30  user that indicates that the user is using the device. In response, the device may
shift into a mode which periodically performs a radar operation to deternune if
the device 1s close to the user’s body. In such embodiments, when the device

2
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deternuines that it is not in use or not likely to be close to the user’s body, etther
through a user input on a touchscreen or a sensor operation {e.g. determining that
the device 15 stationary for more than a threshold time using a motion sensor.)

{00100} The storage device 1216 inciudes a machine-readable medium 1222 on

[

which is stored one or more sets of data structures and insiructions 1224 (e.g.,

software) embodying or utilized by any one or more of the methodologies or

functions described herein. The mstructions 1224 can also reside, completely or

at least partially, within the main memory 1204, static memory 1206, and/or

within the processor 1202 during execution thergof by the computer system

10 machine 1200, with the main memory 1204, static memory 1206, and the
processor 1202 also constituting machine-readable media.
{00101} While the machine-readable medium 1222 is illustrated in an example
embodiment to be a single medium, the term "machine~-readable medium” can
melude a single medium or multiple media {e.g., a centralized or distributed

15 database, and/or associated caches and servers) that store the one or miore
instructions 1224, The term "machine-readable roedium” shall also be taken to
mclude any tangible medium that is capable of storing, encoding or carrying
mstructions for execution by the machine and that cause the machine to perform
any onte or more of the methodologies of the present disclosure or that is capable

28 of storing, encoding or carrving data structures utilized by or associated with
such mstructions.
{00102} The instructions 1224 can further be transmitted or received over a
communications network 1226 using a {fransmission medium via the network
mierface device 1220 utihizing any one of a number of well-known transfer

25  protocols (e.g., HTTP) The term "transmission medium" shall be taken to
imclude any mtangtble medium that is capable of storing, encoding, or carrving
mstructions {or execution by the machine, and includes digital or analog
communications signals or other intangible medium to facilitate coramunication
of such software.

30 [B0103] Various fechniques, or certain aspects or portions thereof may take the

form of program code (i.e., instructions) embodied mn tangible media, such as

floppy diskettes, CD-ROMs, hard drives, non-transitory computer readable
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storage medium, or any other machine-readable storage meadium wherein, when
the program code 15 loaded into and execuied by a machine, such as a computer,
the machine becomes an apparatus for practicing the various techniques. In the

case of program code execution on programmable computers, the computing

[

device may include a processor, a storage medium readable by the processor
{including volatile and non-volatile memory and/or storage elements), at least
one imput device, and at least one output device. The volatile and non-volatile
memory and/or storage elements may be a RAM, EPROM, flash drive, optical
drive, magnetic hard drive, or other medium for storing electronic data. The base
10 station and mobile station may also include a transceiver module, a counter
module, a processing module, and/or a clock module or timer module. One or
more programs that may implement or wiilize the various technigques described
herein may use an application programming interface (API), reusable controls,
and the like. Such programs may be implemented in a high level procedural or
15 object oriented programming language to communicate with a computer system,
However, the program(s) may be imnplemented in assembly or machine language,
if desired. In any case, the language mav be a compiled or interpreted language.,
and combined with hardware implementations.
{00104} Various embodiments may use 3GPP LTE/LTE-A, IEEE 1002.11, and
28 Blueiooth communication standards. Various altemative embodiments may use a
variety of other WWAN, WL AN, and WPAN protocols and standards can be
used in connection with the techniques described herein. These standards
include, but are not limited to, other standards from 3GPP (e.g., HSPA+,
UMTS), IEEE 100216 (e.g., 1002.16p), or Bluetooth {e.g.. Bluetooth 9.0, or like
25 standards defined by the Bluetooth Special Interest Group) standards families.
Other applicable network configurations can be included within the scope of the
presently descnibed communication networks. It will be undersiood that
communications on such communication networks can be facilitated using any
number of personal area networks, LANSs, and WANSs, using any combination of
30 wired or wireless transmission mediums.
{00105] The embodiments described above can be implemented inone or a
combination of hardware, firmware, and software. Various methods or

~r7
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techniques. or certain aspects or portions thereof, can take the form of program
code {i.e.. instructions) embodied in tangible media, such as Hash memory, hard
drives, portable storage devices, read-only memory (ROM), random-access
memory {(RAM), semiconductor memory devices (e.g., Elecirically
Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Ouly Memory (EEPROM)), magnetic disk storage media,
optical storage media, and any other machine-readable storage medium or
storage device wherein, when the program code is loaded into and executed by a
machine, such as a computer or networking device, the machine becomes an
apparatus for practicing the various techniques.

{00106] A machine-readable storage medium or other storage device can include
any non-transitory mechanism for storing information in a form readable by a
machine (e.g., a computer). In the case of program code executing on
programmable computers, the computing device can mclude a processor, a
storage medium readable by the processor (including volatile and non-volatile
memory and/or storage elements), at least one input device, and at least one
output device. One or more programs that can implernent or utilize the various
techniques described herein can use an application programming interface (AP1),
reusable controls, and the like. Such programs can be implemented in 3 high
level procedural or object oriented programming language to communicate with
a computer systermn. However, the program(s) can be implemented in assembly or
machine language, if desired. In any case, the language can be a compiled or
interpreted language, and combined with hardware implementations.

{00107 It should be understood that the functional units or capabilities
described in this specification can have been referred to or labeled as
components or modules, in order to more particularly emphasize their
implermentation independence. For exarnple, a component or module can be
implemented as a hardware circuit comprising custom very-large-~scale
integration {VLSI} circuits or gate arrays, off-the-shelf semiconductors such as
logic chips, transistors, or other discrete components. A component or module
can also be implemented m programmable hardware devices such as field
programmable gate arrays, programmable array logic, programmable logic
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devices, or the like. Components or modules can also be implemented in
software for execution by various types of processors. An wdentified component
or module of executable code can, for instance, comprise one or more physical

or logical blocks of computer instructions, which can, for instance, be organized

[

as an object, procedure, or function. Nevertheless, the executables of an

identified component or module need not be physically located together, but can

comprise disparate instructions stored in different locations which, when joined
logically together, comprise the component or module and achieve the stated
purpose for the component or module.

10 {00108] Indeed, a component or module of executable code can be a single
mstruction, or many instructions, and can even be distributed over several
different code segments, among different programs, and across several memory
devices. Similarly, operational data can be identified and illustrated herein within
components or modules, and can be embodied in any suitable form and

15 organized within any suitable tvpe of data structure. The operational data can be

collected as a single data set, or can be distribuied over different locations

mcluding over different storage devices, and can exist, at least partially, merely
as electronic signals on a system or network. The components or modules can be
passive or active, including agents operable to perform desired functions.

20
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CLAIMS

What 15 claimed is:

I. An apparatus of a wireless communication device, the apparatus
comprising:

communication circuitry for phased array commumnications configured to
be coupled to one or more phased array antenna modules, the one or more
phased array antenna modules comprising a plurality of antenna elements;

transmit circuitry configured to transmit a transmit radiated signal;

radar circuitry configured to detect a return signal from the transmit
radiated signal from the wireless communication device; and

control circuitry fo initiate an adjustment to a fransmit radiated power of
the communication circuitry based on the retum signal detected t by the radar

circuitry,

2. The apparatus of claim 1 wherein each phased array anterma module of
the one or more antenna modules comprises a corresponding plurality of antenna
elemenis; and

wherein the radar circuitry is further configured to detect a portion of the
return signal as a reflected signal caused by a change in antenna impedance due
to a near field coupling effect between the phased array antenna module and an
obiect; and

wherein the control circuatry 15 configured {o deternmune that the object is
within a threshold proxinuty of the wireless device based on the change in

antenna impedance.

3. The apparatus of claim 1 wherein the adjustment o the transmit
radiated power adjusts the wireless communication device to comply with

regulatory Specific Absorption Raie (SAR} and RF exposure radiation fimits.

73]
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4. The apparatus of claim 1 wherein the radar circuitry is configured for
Continuous Wave {CW) radar or Continuous Wave Frequency Modulation

{({CWFM) chirped radar.

[

5. The apparatus of claim 1 wherein the radar circuitry 1s configured to

operate in an Indusirial, Scientific and Medical (ISM) radio band.

6. The apparatus of claim 1 wherein the transnut circuitry is configured
1o be coupled to at least a portion of the plurality of antenna elements; and
16 wherein the transmit circuitry transmits the transmit radiated signal using

the portion of the plurality of antenna elements.

7. The apparatus of claim 1 wherein at least a portion of the
commurication circuitry for phased array communications and at least a portion

15 of the radar circuitry comprise a Radio Frequency Integrated Circuit (RFIC).

8. The apparatus of claim 1 wherein at least a portion of the one or more
of the phased array antenna modules that are coupled to the communication
circuitry are also coupled to the radar circuitry; and

20 wherein the portion of the one or more of the phased array anienna
modules are used to detect the return signal as a scattered portion of the transmit

radiated signal.

9. The apparatus of claim 1 further comprising a transnut radar antenna
25 coupled to the transnut circuitry and configured to radiate the transmit radiated
signal, wherein the radar circuitry comprises the transmit circuitry; and
a return radar anterma coupled to the radar circuitry and configured to

receive the return signal.

30 1¢. The apparatus of claim 1 further comprising an RF synthesizer,
wherein the RF synthesizer is configured to be used by the commnunication
circuttry for phased array commumications; and
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wherein the RF synthesizer is further configured to be used by the radar

cireuiiry,

11. The apparatus of claim | wherein the adjustment to the transmit

[

radiated power of the phased array communication includes a transmit power

adjustment to one or more of the phased array antenna modules.

12. The apparatus of claim 1 wherein the adjustment to the transnut
radiated power of the phased array communication includes a directional

10 adjustment for one or more of the phased array antenna modules.

13. The apparatus of claim 1 wherein the communication circuitry and

the radar circuitry are configured to operate simulianeously.

i5 14. The apparatus of claim 13 wherein the transnut radiated signal

comprises a data signal generated as part of the communication circuitry.

15. The apparatus of claim 1 wherein the device is a mobile wireless
comumunication device further comprising a touchscreen interface.
20
16. An apparatus of a wireless cornmunication device comprising
communication circultry configured to be coupled to one or more
antenna modules;
radar circutry configured to detect a retumn signal from a transmit
25 radiated signal, wherein the transimit radiated signal is from the wireless
communication device; and
control circuitry o initiate an adjustment to a transmut radiated power of
the wireless conumunication device based on the detection of the return signal by
the radar circuitry.
30
17. The apparatus of claim 16 wherein detecting the return signal
comprises detecting a reflected signal caused by a change in an antenna
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impedance due to a near field coupling effect between the antenna module and

an object.

18,  The apparatus of claim 16 wherein the adjustment to the transmit

[

radiated power configures the wireless communication device to comply with

regulatory Specific Absorption Rate (SAR) and RF exposure radiation hmits.

19.  The apparatus of claim 16 wherein the adjustment to the transnut
radiated power comprises an adjustment to a total transmit power adjusiment for

16 the wireless cormmurnication device.

20.  Anon-transttory computer readable medium comprising
mstructions that, when executed by one or more processors of a device
comprising a wireless communication device, cause the wireless coramunication

15  deviceto:
activate radar circuitry of the wireless commumication device:
detect reflections from the transnut radiated signal using the radar
circuitry the wireless communication device: and
adjust a transmif radiated power generated by communication
20 civcuitry for phased array communications based on the detection of the object

by the radar circutry,

21, The non-transitory computer readable medinim of claim 20 that
further causes the radar circuitry to detect an object using the retumn signal and at

25 least a part of the one or more phased array antenna modules.

22, Thevon-transitory computer readable mediom of c¢laim 20 that
further causes the radar circuttry 1o detect an object using the return signal and at
least a part of the communication circuitry.

30

23, Amethod for proxirty radar detection with phased array

conmmumications in a wireless device, the method comprising:
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radiating a transnut radiated signal;

detecting, using radar circutiry, a return signal, wherein the retum signal
comprises a partial scattered portion of the transmit radiated signal from the
wireless device, the wireless device comprising communication circuitry for the
phased array communications configured 1o be coupled to one or more phased
array antenna modules, each of the one or more phased array antenna modules
comprising a plurality of antenna elements; and

adjusting a transmit radiated power of the phased array communications

based on the detection of the retum signal by the radar circuitry.

24 The method of claim 23 further comprising:

detecting a user action using an input of the wireless device prior {o
radiating the transmit radiated signal;

communicating with a network via the transmitied radiated signal,
wherein the transmitted radiated signal comprises a data transnussion from the

wiredess device o the network.

25. The method of claim 24 further comprising:
adjusting a power for the data transmission as part of adjusting the

{fransmit radiated power in response to detection of the object.
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