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Description

Cross-Reference to Related Applications

[0001] This application claims priority to and the benefit
of Non-Provisional Application Serial No. 16/696,743
filed in the United States Patent Office on November 26,
2019 and Provisional Application Serial No. 62/773,987
filed in the United States Patent Office on November 30,
2018.

Field

[0002] Aspects of the present disclosure relate gener-
ally to wireless devices configured to reduce electromag-
netic exposure to users, and in particular, to a wireless
device configured to self-detect lateral electromagnetic
exposure and device grip for controlling signal transmis-
sion.

Description of Related Art

[0003] A wireless device, such as a cellular telephone,
tablet device, or other, transmits a signal to a target de-
vice, such as a base station, wireless router, or other
device, for communicating data to the target device. The
transmitted signal is an electromagnetic signal. Since a
user is typically holding the wireless device during signal
transmission, the user is exposed to the electromagnetic
signal.
[0004] Exposure to electromagnetic signals may
cause physiological harm to users. Because of risk of
adverse health effects due to electromagnetic exposure,
many governmental bodies, such as the Federal Com-
munication Commission (FCC), prescribe a maximum
electromagnetic exposure parameter. For example, for
cellular telephone applications, the FCC has adopted a
limit for Specific Absorption Rate (SAR) of 1.6 watts per
kilogram. SAR is the measurement of the amount of radio
frequency energy absorbed by a body when using a cel-
lular telephone. Such limit may also be referred to as
Maximum Permissible Exposure (MPE) limit.
[0005] The present disclosure relates to techniques for
ensuring electromagnetic transmission by wireless de-
vice are performed in a manner consistent with such elec-
tromagnetic exposure limits.
US 2017/356980 A1 discloses an electronic communi-
cation device performing a method to detect proximity of
an object to the device. The method includes determining
a set of mutual coupling values for at least one pair of a
plurality of antennas arrays of the electronic communi-
cation device. Each mutual coupling value indicates an
efficiency of a mutual coupling transmission between an
antenna element of a first antenna array of a pair of an-
tenna arrays and an antenna element of a second an-
tenna array of the pair of antenna arrays. The method
further includes determining object position relative to
the plurality of antenna arrays based on the set of mutual

coupling values.
US 8 798 695 B1 discloses methods and systems of de-
tecting objects in proximity to user devices and distin-
guishing between object types. One method includes
measuring a magnitude of mutual coupling between two
antennas of the user device using a transmitted signal
by a first antenna and a received signal by a second
antenna. The method distinguishes between the user de-
vice being proximate to free space, a first object type or
a second object type using the magnitude of mutual cou-
pling or magnitude of received signal strength. The first
object type includes non-water-based objects that do not
absorb electromagnetic radiation and the second object
type includes objects that absorb electromagnetic radi-
ation.
US 2013/148636 A1 discloses a wireless electronic de-
vice including antennas formed at different locations on
the device. The wireless electronic device may include
transceivers that are used to wirelessly communicate in
different frequency bands by transmitting and receiving
radio-frequency signals in the frequency bands. The
transceivers may include Wi-Fi® transceivers and cellular
transceivers such as Long Term Evolution transceivers.
The wireless electronic device may include antenna
switching circuitry interposed between the transceivers
and the antennas. The wireless electronic device may
include control circuitry that controls the antenna switch-
ing circuitry to ensure that radio-frequency transmissions
in adjacent frequency bands are routed to different an-
tennas.

SUMMARY

[0006] The invention is set forth in the appended set
of claims.
[0007] To the accomplishment of the foregoing and re-
lated ends, the one or more implementations include the
features hereinafter fully described and particularly point-
ed out in the claims. The following description and the
annexed drawings set forth in detail certain illustrative
aspects of the one or more implementations. These as-
pects are indicative, however, of but a few of the various
ways in which the principles of various implementations
may be employed and the description implementations
are intended to include all such aspects and their equiv-
alents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1A illustrates a front view of an exemplary wire-
less device in accordance with an aspect of the dis-
closure.
FIG. 1B illustrates a front view of an exemplary wire-
less device being gripped by a user in accordance
with another aspect of the disclosure.
FIG. 2A illustrates a graph depicting exemplary con-
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tour lines of equal electromagnetic power density
across a surface of a wireless device due to a signal
transmission by one of a set of antenna modules in
a normal beam direction in accordance with another
aspect of the disclosure.
FIG. 2B illustrates a graph depicting exemplary con-
tour lines of equal electromagnetic power density
across a surface of a wireless device due to a signal
transmission by one of a set of antenna modules in
a non-normal beam direction in accordance with an-
other aspect of the disclosure.
FIG. 3 illustrates a block diagram of an exemplary
wireless device in accordance with another aspect
of the disclosure.
FIG. 4 illustrates a flow diagram of an exemplary
method of self-detecting lateral exposure in a wire-
less device in accordance with another aspect of the
disclosure.
FIG. 5 illustrates a diagram of an exemplary table
providing exposure-limit compliant maximum trans-
mission power for different antenna modules and
their corresponding different radiation beams in ac-
cordance with another aspect of the disclosure.
FIG. 6 illustrates a flow diagram of an exemplary
method of transmitting a signal based on how a user
is gripping a wireless device in accordance with an-
other aspect of the disclosure.
FIG. 7 illustrates a flow diagram of another exem-
plary method of transmitting a signal based on how
a user is gripping a wireless device in accordance
with another aspect of the disclosure.
FIG. 8 illustrates a diagram of a signal transmission
and reception frame configured to detect how a user
is currently gripping a wireless device in accordance
with another aspect of the disclosure.
FIG. 9 illustrates a block diagram of another exem-
plary wireless device in accordance with another as-
pect of the disclosure.
FIG. 10 illustrates a flow diagram of an exemplary
method of transmitting a signal in accordance with
another aspect of the disclosure.

DETAILED DESCRIPTION

[0009] The detailed description set forth below, in con-
nection with the appended drawings, is intended as a
description of various configurations and is not intended
to represent the only configurations in which the concepts
described herein may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing
a thorough understanding of the various concepts. How-
ever, it will be apparent to those skilled in the art that
these concepts may be practiced without these specific
details. In some instances, well-known structures and
components are shown in block diagram form in order to
avoid obscuring such concepts.
[0010] In summary, one aspect of the present disclo-
sure relates to self-detecting by a wireless device lateral

electromagnetic exposure across the surface of the wire-
less device. In this regard, the wireless device includes
a set of antenna modules, each configured as a phased-
array antenna for directionally transmitting and receiving
electromagnetic signals. The set of antenna modules
may be physically located proximate different exterior
surfaces of a casing or housing of the wireless device;
and such locations may be chosen to coincide with loca-
tions where a user may grip the wireless device.
[0011] For performing self-detection of lateral electro-
magnetic exposure, one of the antenna module of the
set is configured to transmit an electromagnetic signal
with a certain power (e.g., a defined maximum transmit
power level), and the remaining antenna module(s) of
the set are configured to receive the electromagnetic sig-
nal. The coupling or leakage between the transmitting
antenna module and the receiving antenna module(s) is
measured by the power or voltage level (i.e., a parameter)
of the signal received by the receiving antenna modules.
[0012] As mentioned above, the surface locations on
the wireless device proximate the receiving antenna
modules are potential locations where a user may grip
the wireless device. Thus, by determining the coupling
or leakage between the transmitting antenna module and
the receiving antenna module(s), a determination can be
made of the maximum transmit power level for the trans-
mitting module that meets the electromagnetic exposure
limit (e.g., SAR or MPE limit) at the locations of the re-
ceiving module(s).
[0013] The self-detecting lateral electromagnetic ex-
posure is performed for each antenna module of the set
being configured as the transmitter and the remaining
antenna module(s) being configured as the receiver. For
example, in the case where a wireless device includes a
set of three (3) antenna modules, a first leakage test is
performed with antenna module 1 being the transmitter
and antenna modules 2 and 3 being the receivers; a sec-
ond leakage test is performed with antenna module 2
being the transmitter and antenna modules 1 and 3 being
the receivers; and a third leakage test is performed with
antenna module 3 being the transmitter and antenna
modules 1 and 2 being the receivers.
[0014] Further, the self-detecting lateral electromag-
netic exposure is performed for a set of antenna radiation
or beam forming patterns that each antenna module is
able to transmit. Taking again the previous example, if
each antenna module is configured to generate a set of
different radiation beams aimed at different directions, a
first set of leakage tests is performed with antenna mod-
ule 1 being the transmitter and transmitting a set of sig-
nals in accordance with the set of radiation beam pat-
terns, and antenna modules 2 and 3 being the receivers;
a second set of leakage tests is performed with antenna
module 2 being the transmitter and transmitting a set of
signals in accordance with the set of radiation beam pat-
terns, and antenna modules 1 and 3 being the receivers;
and a third set of leakage tests is performed with antenna
module 3 being the transmitter and transmitting a set of
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signals in accordance with the set of radiation beam pat-
terns, and antenna modules 1 and 2 being the receivers.
[0015] As a result of performing the self-detecting lat-
eral electromagnetic exposure tests, a table may be cre-
ated that provides an exposure-limit-compliant maximum
transmit power level for each antenna module and each
of its radiation beam patterns to ensure the electromag-
netic exposure for each location of the other antenna
module(s) (i.e., potential grip location(s)) complies with
the exposure limit. Using the table, a wireless device may
determine the one or more locations on the wireless de-
vice where a user is gripping or touching the device, and
then transmits a signal in accordance with the grip loca-
tion(s) to ensure that the exposure limit at those locations
is not exceeded. The above concepts are further ex-
plained below with reference to the following exemplary
implementations.
[0016] FIG. 1A illustrates a front view of an exemplary
wireless device 100 in accordance with an aspect of the
disclosure. In this example, the wireless device 100 is
implemented as a cellular smart telephone, but it shall
be understood that the wireless device may be imple-
mented as other types of wireless device. It shall be fur-
ther understood that the wireless device 100 may be con-
figured to transmit and receive signals in accordance with
5G (fifth generation of cellular network technology spec-
ified by 3GPP (3rd Generation Partnership Project)), in-
cluding transmitting and receiving signals in the millime-
ter wave (mmW) frequency range. Further, in this exam-
ple, the wireless device 100 is configured to have four
(4) antenna modules 110-1, 110-2, 110-3, and 110-4 lo-
cated on four (4) sides of a housing 120 of the wireless
device, respectively. It shall be understood that the wire-
less device 100 may have more or less antenna modules,
and may be situated in different locations on the housing
120 of the wireless device.
[0017] Each of the antenna modules 110-1 to 110-4
may be configured as a phased array antenna including
four (4) transmit chains, four (4) receive chains, and four
(4) antennas. It shall be understood that the phased array
antenna may include more or less than four (4) trans-
mit/receive chains and corresponding antennas. As a
phased array antenna, each of the antenna modules
110-1 to 110-4 may be configured to transmit electro-
magnetic signals with a set of different radiation or beam-
forming patterns for improved transmission along differ-
ent directions.
[0018] Further, each of the surface locations of the
housing 120 of the wireless device 100 proximate the
antenna modules 110-1 to 110-4 is a potential location
where a user may grip the wireless device during use
and while the device is transmitting an electromagnetic
signal. Thus, it would be useful to determine the leakage
or coupling between the antenna modules 110-1 to 110-4
so that each of the antenna modules is able to transmit
a signal while a user is gripping the housing 120 of the
wireless device 100 at such one or more locations so that
the electromagnetic exposure to the user complies with

the exposure limit.
[0019] FIG. 1B illustrates a front view of an exemplary
wireless device 100 being gripped by a user in accord-
ance with another aspect of the disclosure. In this exam-
ple, the wireless device 100 is gripped by a user with
both hands where antenna modules 110-2 and 110-4 are
substantially co-located within the housing 120. As illus-
trated, the signal transmission by antenna module 110-1
with a broadside or normal radiation beam may produce
lateral electromagnetic exposure to the user’s right hand
as specifically indicated, as well as to the user’s left hand.
[0020] FIG. 2A illustrates a graph depicting exemplary
contour lines of equal electromagnetic power densities
across a surface of the housing 120 of the wireless device
100 due to a signal transmission by antenna module
110-1 with a broadside or normal radiation beam in ac-
cordance with another aspect of the disclosure. Each of
the contour lines represent a certain electromagnetic
power density across the surface of the housing 120 of
the wireless device 100.
[0021] The contour line closest to antenna module
110-1 represents the power density on the surface of the
housing 120 of the wireless device 100 that corresponds
to the exposure limit. The surface region of the housing
120 of the wireless device 100 between the contour line
closest to the antenna module 110-1 and the transmitting
antenna module 110-1 is where the electromagnetic
power density exceeds the exposure limit, which may be
referred to herein as the "keep-out zone." The surface
region of the housing 120 of the wireless device 100 out-
side of the "keep-out zone" is where the electromagnetic
power density is below the exposure limit.
[0022] As the power of the signal transmitted by an-
tenna module 110-1 increases, the keep-out zone ex-
pands in directions towards the other antenna modules
110-2, 110-3, and 110-4. At some transmit power of the
signal, the keep-out zone expands into the location of at
least one of the antenna modules 110-2, 110-3, and
110-4. It would be desirable to know what transmit pow-
ers corresponds to when the keep-out zone expands into
the locations of the antenna modules 110-2, 110-3, and
110-4, respectively. As the housing locations proximate
the antenna modules 110-2, 110-3, and 110-4 are po-
tential grip locations of the wireless device 100, deter-
mining those transmit powers will be useful in tailoring
the transmission of the signal to ensure that the electro-
magnetic exposure to the user complies with the expo-
sure limit.
[0023] As an example, if it is determined that the trans-
mit powers that results in the keep-out zone expanding
to the locations of the antenna modules 110-2, 110-3,
and 110-4 are 20 dBm, 18 dBm, and 19 dBm, respec-
tively, with the current normal radiation beam, and if it is
also determined that the user grip is touching the housing
120 proximate the locations of antenna modules 110-2
and 110-4, then the maximum transmit power for that
radiation beam to ensure exposure limit compliance
would be less (e.g., by a safety margin) than 19 dBm.

5 6 



EP 3 888 252 B1

5

5

10

15

20

25

30

35

40

45

50

55

This ensures that the power density at the locations of
the housing 120 proximate the antenna modules 110-2
and 110-4 do not exceed the exposure limit. Although,
in this example, the power density at the housing location
of the antenna module 110-3 exceeds the exposure limit,
as the user is not touching that location while gripping
the wireless device 100, the transmission of the signal
at a safety margin below the 19 dBm complies with the
exposure limit.
[0024] FIG. 2B illustrates a graph depicting exemplary
contour lines of electromagnetic power density across a
surface of the housing 120 of the wireless device 100
due to a signal transmission by antenna module 110-1
in a non-normal (e.g., 45 degree from normal) beam di-
rection in accordance with another aspect of the disclo-
sure. As illustrated, the equal power density contour lines
across the surface of housing 120 of the wireless device
100 varies with the direction of the electromagnetic radi-
ation beam used to transmit the signal by the antenna
module 110-1. For instance, in this example, the non-
normal radiation beam causes the keep-out zone to ex-
pand more towards the locations of the housing 120 prox-
imate the antenna modules 110-2 and 110-4 than to-
wards the location of the housing 120 proximate the an-
tenna module 110-3, as compared to the keep-out zone
associated with the normal radiation beam.
[0025] Thus, for exposure limit compliance, the meas-
urement of the maximum transmit power (or leakage/cou-
pling between the antenna modules) should be per-
formed for a set of different radiation beams. Considering
the example above, if it is determined that the transmit
powers that result in the keep-out zone expanding to the
locations of the housing 120 proximate the antenna mod-
ules 110-2, 110-3, and 110-4 are 17 dBm, 21 dBm, and
18 dBm, respectively, with the current non-normal radi-
ation beam, and if it is also determined that the user grip
is touching the locations of the housing 120 proximate
the antenna modules 110-2 and 110-4, then the maxi-
mum transmit power for that radiation beam to ensure
exposure limit compliance would be less (e.g., by a safety
margin) than 17 dBm. This ensures that the power density
at the locations of the housing 120 proximate the antenna
modules 110-2 and 110-4 do not exceed the exposure
limit. In contrast, in this example, the power density at
the location of the antenna module 110-3 is at least 4dB
below the exposure limit, but it is irrelevant to the trans-
mission of the signal as the user is not touching that lo-
cation while gripping the wireless device 100.
[0026] Although, in the above examples, antenna mod-
ule 110-1 served as the transmitting module and antenna
modules 110-2 to 110-4 served as the receiving module,
it shall be understood that the determination of the ex-
posure-limit-compliant maximum transmit powers shall
be performed for each of the antenna modules 110-1 to
110-4 serving as the transmitting module and the other
modules serving as the receiving modules.
[0027] FIG. 3 illustrates a block diagram of an exem-
plary wireless device 300 in accordance with another as-

pect of the disclosure. The wireless device 300 may be
a more general and exemplary detailed implementation
of the wireless device 100 previously discussed.
[0028] The wireless device 300 includes an antenna
module controller 310 coupled to a set of antenna mod-
ules 320-1 to 320-N. The controller 310 may be coupled
to the set of antenna modules 320-1 to 320-N via a set
of signal transmission lines sig_1 to sig_N and a set of
control lines cntl_1 to cntl_N, respectively. As illustrated,
the antenna modules 320-1 to 320-N are located proxi-
mate exterior surface locations 1-N of a housing of the
wireless device 300, respectively.
[0029] In accordance with the determination of all ex-
posure-limit-compliant maximum transmit power meas-
urements, the antenna module controller 310 sends a
test signal to one of the antenna modules 320-1 to 320-
N configured as the transmitting module for the meas-
urement via the corresponding signal transmission line
(one of sig_1 to sig_N), and receives signals from the
antenna modules configured as the receiving module(s)
resulting from the test signal via the other corresponding
signal transmission lines (the other sig_1 to sig_N).
[0030] Similarly, in accordance with the determination
of all exposure-limit-compliant maximum transmit power
measurements, the antenna module controller 310
sends a control signal to one of the antenna modules
320-1 to 320-N to configure it as the transmitting module
for the measurement via the corresponding control line
(one of cntl_1 to cntl_N), and sends control signals to the
other antenna module(s) to configure it/them as receiving
module(s) via the other corresponding control lines (the
other of cntl_1 to cntl_N).
[0031] FIG. 4 illustrates a block diagram of an exem-
plary method 400 of self-detecting lateral exposure in the
wireless device 300 in accordance with another aspect
of the disclosure. According to the method 400, the an-
tenna module controller 310 sets initial variables J and
K to a value of one (1) (block 405). The variable J iden-
tifies the antenna module that will serve as the transmit-
ting module for the current test cycle; and the remaining
antenna modules will serve as the receiving module(s).
The variable K identifies the particular transmission ra-
diation beam for the current test cycle.
[0032] Then, according to the method 400, the antenna
module controller 310 configures the antenna module
320-J for transmitting an electromagnetic signal in ac-
cordance with radiation beam K at maximum transmit
power (block 410). The controller 310 may perform this
configuration by sending a control signal to the antenna
module 320-J via the control line cntl_J.
[0033] Then, according to the method 400, the antenna
module controller 310 configures the remaining antenna
module(s) 320-≠J for receiving electromagnetic signal
(block 415). The controller 310 may perform this config-
uration by sending control signal(s) to the antenna mod-
ule 320-≠J via the control line(s) cntl_≠J.
[0034] Then, according to the method 400, the antenna
module controller 310 applies a test signal to the trans-
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mitting antenna module 320-J (block 420). The controller
310 may apply the test signal via the corresponding signal
transmission line sig_J. In response to the test signal,
the transmitting antenna module 320-J transmits an elec-
tromagnetic signal, and the receiving antenna module(s)
receive the electromagnetic signal. The controller 310
may obtain the received test signals from the receiving
antenna module(s) 320-≠J via the corresponding signal
line(s) sig≠J.
[0035] Then, according to the method 400, the antenna
module controller 310 determines or measure the power
or voltage level (i.e., parameter) of the received test sig-
nal at the receiving antenna module(s) 320-≠J (block
425). The leakage or coupling between the transmitting
antenna module 320-J and the one or more receiving
antenna module(s) 320-≠J may be based on the one or
more differences between the transmit power of the test
signal and the one or more received power of the received
signals, respectively. The one or more received power
may be mapped to one or more power densities at the
one or more locations of the housing proximate the one
or more receiving antenna module(s) 320-#. A power
density corresponding to the exposure limit may also be
determined based on measurements at the surface of
the housing of the wireless device 300 with appropriate
electromagnetic measuring equipment.
[0036] Then, according to the method 400, the antenna
module controller 310 determines whether any of the one
or more measured power densities exceed the power
density that corresponds to the exposure limit (block
430). If none of the one or more measured power density
exceeds the exposure limit, the controller 310 updates a
table to indicate that the transmit power of the test signal
is exposure-limit-compliant for transmitting antenna
module 320-J transmitting radiation beam K at all housing
locations proximate the receiving one or more antenna
module(s) location(s)-# (block 445).
[0037] If one or more of the measured power densities
at the one or more receiving antenna(s) location(s)-# ex-
ceed the power density corresponding to the exposure
limit, the antenna module controller 310 sequentially (in
steps (e.g., 1 dB)) lowers the transmit power of the test
signal (block 435). At the first step that one or more meas-
ured power densities fall below the power density corre-
sponding to the exposure limit, the controller 310 records
the corresponding one or more transmit powers of the
test signal (block 440).
[0038] Then, according to the method 400, the antenna
module controller 310 updates the table with the transmit
power in block 440 (block 445). At the end of this test
cycle, the table should include the exposure-limit-com-
pliant maximum transmit power for transmitting antenna
module 320-J transmitting a signal with radiation beam
K for ensuring that the electromagnetic exposure at the
one or more housing location(s)-# of the other antenna
module(s)-≠J complies with the exposure limit. If the
method 400 took a direct route from block 430 to block
445, the maximum transmit power of the test signal is

exposure-limit-compliant for all of the one or more hous-
ing location(s) -≠J. If the method 400 took a route from
block 430 to block 445 via block 435 and 440, one or
more different (lower) transmit power of the test signal is
exposure-limit-compliant for one or more housing loca-
tion(s) -≠J, respectively.
[0039] Then, according to the method 400, the antenna
module controller 310 determines whether the current
radiation beam K is greater than M, the number of differ-
ent radiation beams for which the measurement is to be
performed (block 450). If the controller 310 determines
that K is not greater than M (which means there are more
radiation beams for which the measurement is to be per-
formed), the controller increments K by one (1) (block
455) so that the measurement is performed based on the
next radiation beam, and returns to block 410 to repeat
the measurement operations for the next radiation beam.
If, on the other hand, the controller 310 determines that
K is greater than M (which means that the measurement
has been performed for all of the radiation beams for
antenna module 320-J), the controller determines wheth-
er current transmitting antenna module J is greater than
N, the number of different antenna modules that need to
be configured as the transmitter for the measurement
(block 460).
[0040] If, in block 460, the controller 310 determines
that J is not greater than N (which means there are more
antenna module(s) that need to be configured as the
transmitter for which the measurement needs to be per-
formed), the controller increments J by one (1) (block
465) so that the measurement is performed based on the
next antenna module being the transmitting module, and
returns to block 410 to repeat the measurement opera-
tions for the next transmitting antenna module. If, on the
other hand, the controller 310 determines that J is greater
than N (which means all the antenna modules has served
as transmitting modules and all corresponding beams
have been used in the measurement), the method 400
ends.
[0041] At the end of the method 400, the antenna mod-
ule controller 310 should have a table of all exposure-
limit-compliant transmission powers corresponding to
each antenna module for each radiation beam and for
each of the one or more antenna module housing loca-
tion(s).
[0042] FIG. 5 illustrates a diagram of an exemplary ta-
ble of all exposure-limit-compliant maximum transmis-
sion power for different antenna modules and their cor-
responding different radiation beams in accordance with
another aspect of the disclosure. The upper sub-table
provides all of the exposure-limit-compliant transmit pow-
ers for antenna module 320-1 serving as the transmitting
antenna.
[0043] As an example, if antenna module 320-1 is con-
figured to transmit a signal using radiation beam 1, and
a user’s grip of the housing of the wireless device 300
touches locations proximate antenna modules 2 and 3,
then the exposure-limit-compliant transmit power is the
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lesser of transmit power Txmax121 and Txmax131. The first
indices of the transmit power represents the transmitting
antenna module, the second indices represent the re-
ceiving antenna module location, and the third indices
represents the particular radiation beam. The exposure-
limit-compliant transmit power is the lesser of the transmit
power Txmax121 and Txmax131 because choosing the
greater one would result in an exposure-limit violation at
the other antenna module location.
[0044] Taking another example, if antenna module
320-1 is configured to transmit a signal using radiation
beam 3, and a user’s grip of the housing of the wireless
device 300 touches locations proximate antenna mod-
ules 3 and N, then the exposure-limit-compliant transmit
power is the lesser of transmit power Txmax133 and
Txmax1N3.
[0045] The lower sub-table provides all of the expo-
sure-limit-compliant transmit power for antenna module
320-N serving as the transmitting antenna. As an exam-
ple, if antenna module 320-N is configured to transmit a
signal using radiation beam M, and a user’s grip of the
housing of the wireless device 300 touches locations
proximate antenna modules 1 and 3, then the exposure-
limit-compliant transmit power is the lesser of transmit
power TxmaxN1M and TxmaxN3M. Considering another ex-
ample, if antenna module 320-N is configured to transmit
a signal using radiation beam M, and a user’s grip of the
housing of the wireless device 300 touches locations
proximate antenna modules 2 and 3, then the exposure-
limit-compliant transmit power is the lesser of transmit
power TxmaxN2M and TxmaxN3M.
[0046] If the number of antenna modules N is more
than two (2), then there would be corresponding one or
more sub-table(s) pertaining to the one or more antenna
module(s) that may serve as a transmitting antenna mod-
ules(s). As discussed below, the antenna module con-
troller 310 may use the table to select the antenna mod-
ule, radiation beam, and transmit power for transmitting
a signal based on the one or more locations on the sur-
face of the housing of the wireless device 300 upon which
a user grips the device.
[0047] FIG. 6 illustrates a flow diagram of an exemplary
method 600 of transmitting a signal based on how a user
is gripping the housing of the wireless device 300 in ac-
cordance with another aspect of the disclosure. Accord-
ing to the method 600, the antenna module controller 310
determines one or more locations on the housing of the
wireless device 300 upon which a user is gripping or
touching the wireless device (block 610).
[0048] Then, according to the method 600, the antenna
module controller 310 transmits a signal to one or more
wireless devices based on the one or more grip locations
on the wireless device housing (block 620). This may
entail selecting one or more antenna modules for trans-
mitting the signal, selecting one or more radiation beams
associated with the selected one or more transmitting
antenna modules, and selecting one or more power lev-
els associated with the selected one or more radiation

beams, respectively. As discussed, using the table de-
picted in FIG. 5, the antenna module controller 310 caus-
es the transmission of the signal such that the electro-
magnetic exposure to the user, based on how the user
is gripping the housing of the wireless device 300, com-
plies with exposure defined limit requirements.
[0049] FIG. 7 illustrates a flow diagram of another ex-
emplary method 700 of transmitting a signal based on
how a user is gripping a housing of a wireless device in
accordance with another aspect of the disclosure.
[0050] According to the method 700, the antenna mod-
ule controller 310 sets a variable L to one (1) (block 710).
The variable L identifies the current one (320-L) of the
antenna modules 320-1 to 320-N to be polled to deter-
mine whether a user’s grip is touching the surface of the
housing of the wireless device 300 proximate the current
antenna module 320-L. As an example, the antenna
module controller 310 may cause a polling signal to be
sent to the current antenna module 320-L to determine
whether the user is touching the housing of the wireless
device 300 at the location proximate antenna module
320-L. For example, the user’s hand may affect the phase
of the polling signal, which may be received via its re-
ceived chain for touch detection. As the antenna module
controller 310 has initialized L to one (1), the current an-
tenna module to be polled for user touch is antenna mod-
ule 320-1.
[0051] Then, according to the method 700, the antenna
module controller 310 polls the current antenna module
for grip touch (block 720). The antenna module controller
310 records the touch result for the polled current anten-
na module (block 730). The antenna module controller
310 then determines whether the variable L is greater
than the value M, the number of antenna modules to be
polled for user touch (block 740). If the controller 310
determines that the variable L is less than or equal to M,
then the controller increments L by one (1) (block 750)
and proceeds to block 720 to perform polling of the next
antenna module for user touch.
[0052] If, in block 740, the antenna module controller
310 determines that L is greater than M (meaning all of
the antenna modules have been polled for user touch),
the controller 310 transmits a signal to one or more target
wireless devices based on the set of touch results (block
760). Again, this may entail selecting one or more anten-
na modules for transmitting the signal, selecting one or
more antenna radiation beams associated with the se-
lected one or more transmitting antenna modules, and
selecting one or more transmit power levels associated
with the selected one or more antenna beams. As dis-
cussed, using the table depicted in FIG. 5, the antenna
module controller 310 causes the transmission of the sig-
nal such that the electromagnetic exposure to the user,
based on how the user is gripping the housing of the
wireless device 300, complies with exposure limit re-
quirements.
[0053] FIG. 8 illustrates a diagram of a signal trans-
mission and reception frame 800 configured to detect
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how a user is currently gripping a wireless device in ac-
cordance with another aspect of the disclosure. The
frame 800 includes a random-access channel (RACH)
field, a synchronization field, a downlink (DL) session, an
uplink (UL) session including sounding reference signal
(SRS) field. As illustrated, the polling of the antenna mod-
ules 320-1 to 320-N, as discussed above, may be per-
formed during the RACH field, during an SRS field, or
during any transmission gap.
[0054] FIG. 9 illustrates a block diagram of another ex-
emplary wireless device 900 in accordance with another
aspect of the disclosure. The wireless device 900 is sim-
ilar to that of wireless device 300, in that it includes an
antenna module controller 910 coupled to a set of anten-
na modules 920-1 to 920-N via sets of signal and control
lines sig_1-sig_N and cntl_1-cntl_N, respectively. In con-
trast, the wireless device 900 further includes touch/grip
sensors 930 positioned at various locations on the hous-
ing of the wireless device for sensing user grip touch,
apart or in combination with the polling of the antenna
modules 920-1 to 920-N for user touch. The touch/grip
sensors 930 may include capacitive sensors or may be
part of the touchscreen display for sensing user grip con-
figuration.
[0055] FIG. 10 illustrates a flow diagram of an exem-
plary method 1000 of transmitting a signal in accordance
with another aspect of the disclosure. The method 1000
includes operating a set of antenna modules located
proximate different surface locations of a housing to de-
termine one or more electromagnetic leakage coupling
between one or more different pairs of antenna modules
of the set, respectively (block 1010). The method 1000
further includes transmitting the signal based on the one
or more electromagnetic leakage coupling (block 1020).
[0056] The previous description of the disclosure is
provided to enable any person skilled in the art to make
or use the disclosure. Various modifications to the dis-
closure will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other variations without departing from the scope of
the disclosure. Thus, the disclosure is not intended to be
limited to the examples described herein but is to be ac-
corded the widest scope consistent with the principles
and novel features disclosed herein.

Claims

1. An apparatus, comprising:

a housing (120);
a set of antenna modules (110) situated proxi-
mate different surface locations along the hous-
ing (120); and
a controller (310) configured to operate the set
of antenna modules (110) to determine at least
one or more electromagnetic leakage coupling
between at least one pair of antenna modules

(110) of the set;
the apparatus being characterized in that the
controller (310) is further configured to select
one or more of the set of antenna modules (110),
select one or more radiation beams associated
with the selected one or more transmitting an-
tenna modules (110), and select one or more
power levels associated with the selected one
or more radiation beams, respectively, for trans-
mitting a signal based on the one or more elec-
tromagnetic leakage coupling associated with
one or more of the different locations where a
user grips the housing (120), respectively;
wherein the one or more power levels are se-
lected from a table of all exposure-limit-compli-
ant maximum transmission power for different
antenna modules (110) and their corresponding
different radiation beams, such that the electro-
magnetic exposure to the user, based on how
the user is gripping the housing, complies with
exposure defined limit requirements.

2. The apparatus of claim 1, comprising
a set of sensors configured to sense one or more
locations on the housing upon which a user is grip-
ping the housing, wherein the set of sensors com-
prises the set of antenna modules (110), respective-
ly.

3. A method (1000) of transmitting a signal, comprising:

operating (1010) a set of antenna modules (110)
located proximate different surface locations of
a housing (120) to determine one or more elec-
tromagnetic leakage coupling between one or
more different pairs of antenna modules (110)
of the set, respectively; and
transmitting (1020) the signal based on the one
or more electromagnetic leakage coupling;
the method being characterized in that said
transmitting (1020) the signal comprises trans-
mitting the signal based on one or more of the
different locations upon which a user is gripping
the housing (120), respectively, comprising se-
lecting one or more antenna modules (110) of
the set of antenna modules (110) for transmitting
the signal, selecting one or more radiation
beams associated with the selected one or more
transmitting antenna modules (110), and select-
ing one or more power levels associated with
the selected one or more radiation beams, re-
spectively;
wherein the one or more power levels are se-
lected from a table of all exposure-limit-compli-
ant maximum transmission power for different
antenna modules (110) and their corresponding
different radiation beams, such that the electro-
magnetic exposure to the user, based on how
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the user is gripping the housing, complies with
exposure defined limit requirements.

4. The method of claim 3, further comprising:
Sensing, using a set of antenna modules (110), one
or more locations on a housing (120) upon which a
user is gripping the housing (120).

Patentansprüche

1. Eine Vorrichtung, die Folgendes aufweist:

ein Gehäuse (120);
einen Satz von Antennenmodulen (110), die in
der Nähe von unterschiedlichen Oberflächen-
positionen entlang des Gehäuses (120) ange-
ordnet sind; und
einen Controller (310), der konfiguriert ist zum
Betreiben des Satzes von Antennenmodulen
(110) um wenigstens eine oder mehrere elek-
tromagnetische Streukopplungen zwischen we-
nigstens einem Paar von Antennenmodulen
(110) des Satzes zu bestimmen;
wobei die Vorrichtung dadurch gekennzeich-
net ist, dass der Controller (310) weiter konfi-
guriert ist zum Auswählen von einem oder meh-
reren des Satzes von Antennenmodulen (110),
zum Auswählen von einem oder mehreren
Strahlungskeulen bzw. Strahlungs-Beams, die
mit dem ausgewählten einen oder den ausge-
wählten mehreren sendenden Antennenmodu-
len (110) assoziiert sind, und zum Auswählen
von einem oder mehreren Leistungspegeln, die
mit dem ausgewählten einen oder den ausge-
wählten mehreren Strahlungskeulen jeweils as-
soziiert sind zum Senden eines Signals basie-
rend auf der einen oder den mehreren elektro-
magnetischen Streukopplungen, die mit einer
oder mehreren der unterschiedlichen Positio-
nen assoziiert sind, auf bzw. an denen ein Nut-
zer des Gehäuses (120) jeweils greift;
wobei der eine oder die mehreren Leistungspe-
gel aus einer Tabelle aller expositionsgrenz-
wertkonformen maximalen Sendeleistungen für
unterschiedliche Antennenmodule (110) und ih-
rer entsprechenden unterschiedlichen Strah-
lungskeulen ausgewählt werden, so dass die
elektromagnetische Exposition des Nutzers, ba-
sierend darauf, wie der Nutzer das Gehäuse
greift, mit den Grenzwertanforderungen, die be-
züglich Exposition definiert sind, übereinstimmt.

2. Vorrichtung nach Anspruch 1, die Folgendes auf-
weist:
einen Satz von Sensoren, die konfiguriert sind zum
Abfühlen bzw. Messen von einer oder mehreren Po-
sitionen an dem Gehäuse, an denen ein Nutzer das

Gehäuse greift, wobei der Satz von Sensoren den
jeweiligen Satz von Antennenmodulen (110) auf-
weist.

3. Ein Verfahren (1000) zum Senden eines Signals,
das Folgendes aufweist:

Betreiben (1010) eines Satzes von Antennen-
modulen (110), die in der Nähe unterschiedli-
cher Oberflächenpositionen eines Gehäuses
(120) angeordnet sind zum Bestimmen von ei-
ner oder mehreren elektromagnetischen Streu-
kopplungen entsprechend zwischen einem oder
mehreren unterschiedlichen Paaren von Anten-
nenmodulen (110) des Satzes; und
Senden (1020) des Signals basierend auf der
einen oder den mehreren elektromagnetischen
Streukopplungen;
wobei das Verfahren dadurch gekennzeichnet
ist, dass das Senden (1020) des Signals Sen-
den des Signals basierend auf einer oder meh-
reren der unterschiedlichen Positionen auf-
weist, an denen ein Nutzer das Gehäuse (120)
jeweils greift, was Folgendes aufweist: Auswäh-
len von einem oder mehreren Antennenmodu-
len (110) des Satzes von Antennenmodulen
(110) zum Senden des Signals, Auswählen von
einer oder mehreren Strahlungskeulen, die mit
dem ausgewählten einen oder den ausgewähl-
ten mehreren sendenden Antennenmodulen
(110) assoziiert sind, und Auswählen von einem
oder mehreren Leistungspegeln, die mit dem
ausgewählten einen oder den ausgewählten
mehreren Strahlungskeulen jeweils assoziiert
sind;
wobei der eine oder die mehreren Leistungspe-
gel aus einer Tabelle aller expositionsgrenz-
wertkonformen maximalen Sendeleistungen für
unterschiedliche Antennenmodule (110) und ih-
rer entsprechenden unterschiedlichen Strah-
lungskeulen ausgewählt werden, so dass die
elektromagnetische Exposition des Nutzers, ba-
sierend darauf, wie der Nutzer das Gehäuse
greift, mit den Grenzwertanforderungen, die be-
züglich Exposition definiert sind, übereinstimmt.

4. Verfahren nach Anspruch 3, das weiter Folgendes
aufweist:
Messen bzw. Abfühlen, unter Nutzung eines Satzes
von Antennenmodulen (110), von einer oder meh-
reren Positionen an bzw. auf einem Gehäuse (120),
an denen ein Nutzer das Gehäuse (120) greift.

Revendications

1. Appareil comprenant :
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un boîtier (120) ;
un ensemble de modules d’antenne (110) situés
à proximité de différents emplacements de sur-
face le long du boîtier (120) ; et
un contrôleur (310) configuré pour faire fonction-
ner l’ensemble de modules d’antenne (110)
pour déterminer au moins un ou plusieurs cou-
plages de fuites électromagnétiques entre au
moins une paire de modules d’antenne (110) de
l’ensemble ;
l’appareil étant caractérisé en ce que le con-
trôleur (310) est en outre configuré pour sélec-
tionner un ou plusieurs modules parmi l’ensem-
ble de modules d’antenne (110), pour sélection-
ner un ou plusieurs faisceaux de radiation as-
sociés aux un ou plusieurs modules d’antenne
de transmission sélectionnés (110), et pour sé-
lectionner un ou plusieurs niveaux de puissance
associés aux un ou plusieurs faisceaux de ra-
diation, respectivement, afin de transmettre un
signal sur la base des un ou plusieurs couplages
de fuites électromagnétiques associés à un ou
plusieurs des différents emplacements au ni-
veau desquels un utilisateur attrape le boîtier
(120), respectivement ;
dans lequel les un ou plusieurs niveaux de puis-
sance sont sélectionnés à partir d’une table de
toute les puissances de transmission maximale
conforme à une limite d’exposition pour diffé-
rents modules d’antennes (110) et leurs diffé-
rents faisceaux de rayonnement correspon-
dants, de sorte que l’exposition électromagné-
tique de l’utilisateur, sur la base de la façon dont
l’utilisateur attrape le boîtier, se conforme à des
contraintes de limite définie d’exposition.

2. Appareil selon la revendication 1, comprenant :
un ensemble de capteurs configuré pour détecter un
ou plusieurs emplacements sur le boîtier au niveau
desquels un utilisateur attrape le boîtier, dans lequel
l’ensemble de capteurs comprend l’ensemble de
modules d’antenne (110), respectivement.

3. Procédé (1000) de transmission d’un signal,
comprenant :

le fonctionnement (1010) d’un ensemble de mo-
dules d’antenne (110) situés à proximité de dif-
férents emplacements de surface d’un boîtier
(120) pour déterminer un ou plusieurs coupla-
ges de fuites électromagnétiques entre une ou
plusieurs paires différentes de modules d’anten-
ne (110) de l’ensemble, respectivement ; et
la transmission (1020) du signal sur la base des
un ou plusieurs couplages de fuites
électromagnétiques ;
le procédé étant caractérisé en ce que
ladite transmission (1020) du signal comprend

la transmission du signal sur la base des un ou
plusieurs différents emplacements au niveau
desquels un utilisateur attrape le boîtier (120),
respectivement, comprenant la sélection d’un
ou de plusieurs modules d’antenne (110) parmi
l’ensemble de modules d’antenne (110) pour
transmettre le signal, la sélection d’un ou de plu-
sieurs faisceaux de radiation associés aux un
ou plusieurs modules d’antenne de transmis-
sion sélectionnés (110), et la sélection d’un ou
de plusieurs niveaux de puissance associés aux
un ou plusieurs faisceaux de radiation sélection-
nés, respectivement ;
dans lequel les un ou plusieurs niveaux de puis-
sance sont sélectionnés à partir d’une table de
toute les puissances de transmission maximale
conforme à une limite d’exposition pour diffé-
rents modules d’antennes (110) et leurs diffé-
rents faisceaux de rayonnement correspon-
dants, de sorte que l’exposition électromagné-
tique de l’utilisateur, sur la base de la façon dont
l’utilisateur attrape le boîtier, se conforme à des
contraintes de limite définie d’exposition.

4. Procédé de transmission selon la revendication 3,
comprenant en outre :
la détection, en utilisant un ensemble de modules
d’antenne (110), d’un ou de plusieurs emplacements
sur un boîtier (120) au niveau desquels un utilisateur
attrape le boîtier (120).
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