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(57) ABSTRACT

A base station of a 5G/6G network can include its location
coordinates in the SSB system information message which
is broadcast on a standard frequency periodically. A mobile
user device can receive the SSB and thereby determine the
base station location. Thereafter, the user device can mea-
sure its own location, speed, and direction of travel, and
thereby calculate a Doppler frequency correction before
transmitting a message to the base station, thus causing the
base station to receive the message at the expected standard
frequency. In addition, the user device can calculate, based
on the location of the base station relative to the direction of
travel of the mobile user device, a particular frequency at
which downlink messages from the base station will be
received. In addition, the user device can pre-emptively
adjust its transmission frequency when changing speed or
direction, thereby avoiding wasteful frequency-correction
messages from the base station.
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FIG. 2A
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FIG. 2B

251 - USER DETERMINES OWN LOCATION BY GPS.

v

252 - USER DETERMINES OWN ORIENTATION BY COMPASS, SPEED BY
SPEEDOMETER.

v

253 - USER DETERMINES BASE STATION LOCATION BY DATABASE, MAP, OR
PRIOR MESSAGE.

v

254 - USER CALCULATES ANGLE BETWEEN OWN DIRECTION AND BASE
STATION.

v

255 - USER CALCULATES FREQUENCY SHIFT.

v

256 - USER TRANSMITS MESSAGE TO BASE STATION WITH REVERSE SHIFT.

v

257 - BASE STATION RECEIVES MESSAGE AT STANDARD FREQUENCY.

v

258 - BASE STATION TRANSMITS REPLY AT STANDARD FREQUENCY.

v

259 - USER RECEIVES REPLY AT DOPPLER-SHIFTED FREQUENCY.
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FIG. 3B

351 - USER DETERMINES OWN LOCATION, SPEED, DIRECTION.

v

352 - USER DETERMINES BASE STATION LOCATION, CALCULATES ANGLE AND
FREQUENCY SHIFT df.

v

v

353 - USER SENDS MESSAGE TO
BASE STATION, AT fo-df, TELLING
OWN LOCATION, SPEED, DIRECTION,

354 - USER SENDS MESSAGE TO
BASE STATION, AT fo-df, SPECIFYING
CURRENT df, AND REQUESTING
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355 - BASE STATION RECEIVES MESSAGE AT CHANNEL FREQUENCY fo.

v

356 - BASE STATION TRANSMITS REPLY AT CHANNEL FREQUENCY MINUS 2
TIMES THE FREQUENCY SHIFT (f.-2df).

v

357 - USER RECEIVES THE REPLY AT CHANNEL FREQUENCY MINUS THE
FREQUENCY SHIFT (fo-df), SAME AS ITS TRANSMISSION FREQUENCY.

v

358 - USER CHANGES SPEED OR DIRECTION, RECALUCATES df, TRANSMITS
SHORT UPDATE MESSAGE TO BASE STATION AT CHANNEL FREQUENCY
MINUS SHIFT (fo-df).

v

359 - BASE STATION UPDATES ITS VALUE OF df FOR THIS USER.
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FIG. 4D

451 - USER-1 DETERMINES OWN LOCATION, SPEED, DIRECTION.

v

452 - USER-2 DETERMINES OWN LOCATION, SPEED. DIRECTION.

v

453 - USER-1 AND USER-2 EXHCANGE LOCATION AND MOTION DATA USING
LOW-RATE, WIDE-MARGIN PROTOCOL.

v

454 - USER-1 AND USER-2 CALCULATE ANGLES AND df.

v

455 - USER-1 TRANSMITS MESSAGE AT FREQUENCY (fo-df).

v

456 - USER-2 RECEIVES MESSAGE AT CHANNEL FREQUENCY fo.

v

457 - USER-2 TRANSMITS REPLY AT FREQUENCY (f,-df).

v

458 - USER-1 RECEIVES THE REPLY AT CHANNEL FREQUENCY fo.

v

459 - USER-1 CHANGES SPEED OR DIRECTION, RECALUCATES NEW df,
TRANSMITS SHORT UPDATE MESSAGE TO USER-2 AT NEW (f.-df).
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561 - USER-1 DETERMINES OWN LOCATION, SPEED, DIRECTION. USER-2
DETERMINES OWN LOCATION, SPEED, DIRECTION.

v

562 - USER-1 AND USER-2 EXCHANGE MESSAGES INDICATNG SAME. USER-1
AND USER-2 EACH CALCULATE df.

v

563 - USER-1 TRANSMITS MESSAGE TO USER-2 AT CHANNEL FREQUENCY f.

v

564 - USER-2 RECEIVES MESSAGE AT SHIFTED FREQUENCY fo+df.

v

565 - USER-2 TRANSMITS REPLY TO USER-1 AT CHANNEL FREQUENCY f..

v

566 - USER-1 RECEIVES THE REPLY AT SHIFTED FREQUENCY fo+df.
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FIG. 7A
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FIG. 7B
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LOCATION-BASED SYSTEM INFORMATION
AND DOPPLER CORRECTION IN 5G/6G

PRIORITY CLAIMS AND RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 17/526,192, entitled “Rapid Doppler Correc-
tion for Mobile V2X Communication in 5G/6G”, filed Nov.
15, 2021, which claims the benefit of U.S. Provisional Patent
Application Ser. No. 63/144,168, entitled “High-Power
Transmission of Priority Wireless Messages”, filed Nov. 16,
2020, and U.S. Provisional Patent Application Ser. No.
63/117,720, entitled “Automatic Frequency Correction for
Wireless Mobile Communications”, filed Nov. 24, 2020, and
U.S. Provisional Patent Application Ser. No. 63/118,156,
entitled “Automatic Frequency Correction for Wireless
Mobile Communications”, filed Nov. 25, 2020, and U.S.
Provisional Patent Application Ser. No. 63/274,221, entitled
“Rapid Doppler Correction for Mobile V2X Communica-
tion in 5G/6G”, filed Nov. 1, 2021, and U.S. Provisional
Patent Application Ser. No. 63/276,139, entitled “Location-
Based Power for High Reliability and Low Latency in
5G/6G”, filed Nov. 5, 2021, and U.S. Provisional Patent
Application Ser. No. 63/276,745, entitled “Al-Based Power
Allocation for Efficient 5G/6G Communications”, filed Nov.
8, 2021, and U.S. Provisional Patent Application Ser. No.
63/278,578, entitled “Location-Based Beamforming for
Rapid 5G and 6G Directional Messaging”, filed Nov. 12,
2021, all of which are hereby incorporated by reference in
their entireties.

FIELD OF THE INVENTION

Low-complexity procedures for correcting Doppler fre-
quency shifts in communications between vehicles and other
wireless entities are disclosed.

BACKGROUND OF THE INVENTION

For optimal reception, wireless messages in 5G and 6G
are generally intended to be received at a particular fre-
quency. If the transmitter is moving toward or away from the
receiver, the as-received signal is frequency shifted (Doppler
shifted) relative to the transmitted frequency. Such fre-
quency errors can result in degradation of message quality,
reduction in noise immunity, and interference or crosstalk
with messages on adjoining subcarriers. What is needed is
means for correcting motional frequency errors in mobile
wireless communications.

This Background is provided to introduce a brief context
for the Summary and Detailed Description that follow. This
Background is not intended to be an aid in determining the
scope of the claimed subject matter nor be viewed as
limiting the claimed subject matter to implementations that
solve any or all of the disadvantages or problems presented
above.

SUMMARY OF THE INVENTION

In a first aspect, there is a method for a base station of a
wireless network to provide location data to a prospective
user device, the method comprising: determining an antenna
location comprising geographical coordinates of an antenna
of the base station; preparing a synchronization signal block
(“SSB”) message comprising system information about the
base station; adding, to the SSB, the geographical coordi-
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2

nates of the antenna location; and periodically broadcasting,
on a broadcast channel of the base station, the SSB message
including the geographical coordinates of the antenna loca-
tion.

In another aspect, there is a mobile wireless user device
configured to: receive, from a base station, an SSB message
comprising an indication of an antenna location of an
antenna of the base station, the antenna location comprising
geographical latitude and longitude coordinates; determine a
user location of the user device, the user location comprising
further latitude and longitude coordinates; determine,
according to sensors in or on the user device, a speed and a
direction of the user device; calculate, according to the
antenna location and the user location and the speed and the
direction of the user device, a calculated Doppler frequency
shift; and transmit a first message to the base station at a
frequency comprising a channel frequency of the base
station minus the calculated Doppler frequency shitt.

In another aspect, there is a method for a first mobile user
device to communicate wirelessly with a second mobile user
device, the method comprising: broadcasting, by the first
mobile user device, a first message comprising system
information about the first mobile user device, the first
message further comprising a first location of the first
mobile user device, a first speed of the first mobile user
device, and a first direction of travel of the first user device;
receiving, by the first mobile user device, from a second
mobile user device, a second message comprising system
information about the second mobile user device, the second
message further comprising an indication of a second loca-
tion of the second user device, a second speed of the second
user device, and a second direction of travel of the second
user device; and calculating, by the first mobile user device,
according to the first location, the first speed, the first
direction, the second location, the second speed, and the
second direction, a calculated Doppler frequency shift.

This Summary is provided to introduce a selection of
concepts in a simplified form. The concepts are further
described in the Detailed Description section. Elements or
steps other than those described in this Summary are pos-
sible, and no element or step is necessarily required. This
Summary is not intended to identify key features or essential
features of the claimed subject matter, nor is it intended for
use as an aid in determining the scope of the claimed subject
matter. The claimed subject matter is not limited to imple-
mentations that solve any or all disadvantages noted in any
part of this disclosure.

These and other embodiments are described in further
detail with reference to the figures and accompanying
detailed description as provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic showing an exemplary embodi-
ment of a mobile user device communicating with a base
station, according to some embodiments.

FIG. 1B is a schematic showing an exemplary embodi-
ment of a wireless message frequency distribution, accord-
ing to some embodiments.

FIG. 1C is a schematic showing an exemplary embodi-
ment of a mobile user device with a base station at an angle,
according to some embodiments.

FIG. 1D is a frequency chart showing an exemplary
embodiment of a series of messages with Doppler shifting,
according to some embodiments.
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FIG. 2A is a sequence chart showing an exemplary
embodiment of a mobile user acquiring data before com-
municating with a base station, according to some embodi-
ments.

FIG. 2B is a flowchart showing an exemplary embodi-
ment of a procedure for a mobile user device to communi-
cate with a base station, according to some embodiments.

FIG. 3A is a frequency chart showing another exemplary
embodiment of messages between a mobile user device and
a base station, according to some embodiments.

FIG. 3B is a flowchart showing an exemplary embodi-
ment of a procedure for a mobile user device to adjust its
transmission frequency, according to some embodiments.

FIG. 4A is a schematic showing an exemplary embodi-
ment of a mobile user device communicating with other
mobile and fixed user devices, according to some embodi-
ments.

FIG. 4B is a frequency chart showing an exemplary
embodiment of messages between two mobile user devices,
according to some embodiments.

FIG. 4C is a schematic showing an exemplary embodi-
ment of two mobile user devices traveling in different
directions, according to some embodiments.

FIG. 4D is a flowchart showing an exemplary embodi-
ment of a procedure for a mobile user devices to adjust their
transmission frequencies, according to some embodiments.

FIG. 5A is a frequency chart showing an exemplary
embodiment of messages transmitted at a channel frequency
between two mobile user devices, according to some
embodiments.

FIG. 5B is a flowchart showing an exemplary embodi-
ment of a procedure for mobile user devices to transmit
messages at a channel frequency, according to some embodi-
ments.

FIG. 6A is a schematic showing an exemplary embodi-
ment of a user location message, according to some embodi-
ments.

FIG. 6B is a schematic showing an exemplary embodi-
ment of a sidelink location message, according to some
embodiments.

FIG. 7A is a schematic showing an exemplary embodi-
ment of a message format for base stations to indicate
locations to user devices, according to some embodiments.

FIG. 7B is a schematic showing another exemplary
embodiment of a message format for base stations to indi-
cate locations to user devices, according to some embodi-
ments.

FIG. 7C is a schematic showing an exemplary embodi-
ment of a low-complexity message format for base stations
to indicate locations to user devices, according to some
embodiments.

Like reference numerals refer to like elements throughout.

DETAILED DESCRIPTION

Disclosed herein are systems and methods for correcting
frequency errors in 5G and 6G wireless communications,
and particularly for rapidly and automatically correcting
frequency shifts caused by relative motion between the
receiver and transmitter. Systems and methods disclosed
herein (the “systems” and “methods”, also occasionally
termed “embodiments” or “arrangements”, generally
according to present principles) can provide urgently needed
wireless communication protocols to adjust transmitter and/
or receiver frequencies to account for Doppler shifts from
motion of the transmitter or receiver or both, according to
some embodiments. Versions include low-complexity pro-
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tocols accommodating reduced-capability user devices,
rapid protocols suitable for high-performance user devices,
and versatile protocols for sidelink communications
between user devices in motion.

In many wireless systems, optimal reliability may be
obtained when each message is received at a particular,
pre-defined frequency which is anticipated by the receiver.
For example, at a base station, multiple signals may be
received in closely-spaced frequency bands termed “subcar-
riers”, each signal being encoded in OFDM (orthogonal
frequency-division multiplexing) which provides a degree
of isolation or separation between adjacent subcarriers.
However, if a message arrives with a frequency shift,
deviating from the assigned subcarrier frequency, the
OFDM orthogonality is reduced and message interference or
faulty demodulation or other errors may result. Frequency
errors may also allow signals in adjacent subcarriers to
partially mix, further degrading message quality, particu-
larly in non-OFDM communication. Such frequency errors
may be due to Doppler-effect frequency shifts caused by one
of the entities being in motion relative to the other.

The Doppler effect is a frequency shift caused by relative
motion between the transmitter and the receiver. For
example, if the transmitter is approaching the receiver, and
the transmitted frequency is f;, the receiver will receive the
signal at a higher frequency f,+df, that is, frequency shifted
by an amount df. If the transmitter is moving away from the
receiver, the frequency shift df is negative and the resulting
frequency as-received is lower than the transmitted fre-
quency. As mentioned, these frequency errors can degrade
the orthogonality between OFDM messages, leading to
subcarrier crosstalk, demodulation faults, and the like. For
example, in a cell with multiple user devices traveling in
different directions or speeds, each message transmitted
from each moving transmitter will be Doppler shifted by a
different amount when received at the base station, resulting
in different frequency distortions of each message.
Examples below show how a user device and a base station,
or other communicating entities, may arrange to cancel the
effects of Doppler shifts in wireless messaging.

Terms herein generally follow 3GPP (third generation
partnership project) standards, but with clarification where
needed to resolve ambiguities. As used herein, “5G” repre-
sents fifth-generation and “6G” sixth-generation wireless
technology. A network (or cell or LAN or local area network
or the like) may include a base station (or gNB or genera-
tion-node-B or eNB or evolution-node-B or access point) in
signal communication with a plurality of user devices (or
UE or user equipment or terminals) and operationally con-
nected to a core network (CN) which handles non-radio
tasks, such as administration, and is usually connected to a
larger network such as the Internet. Embodiments may
include direct user-to-user (“sidelink™) communication such
as V2V (vehicle-to-vehicle) communication, V2X (vehicle-
to-anything), X2X (anything-to-anything, also called D2D
or device-to-device) and base station communications or
V2N (vehicle-to-network). Here, “vehicle” is to be con-
strued broadly, including any mobile wireless communica-
tion device. The time-frequency space is generally config-
ured as a “resource grid” including a number of “resource
elements”, each resource element being a specific unit of
time termed a “symbol time”, and a specific frequency and
bandwidth termed a “subcarrier” (or “subchannel” in some
references). Each subcarrier can be independently modu-
lated to convey message information. Thus a resource ele-
ment, spanning a single symbol in time and a single sub-
carrier in frequency, is the smallest unit of a message. Each
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modulated resource element of a message is referred to as a
“symbol” in references, but this may be confused with the
same term for a time interval. Therefore, each modulated
reference element of a message is referred to as a “message
element” in examples below. A “demodulation reference” is
a set of modulated resource elements that exhibit levels of a
modulation scheme (as opposed to conveying data) and each
resource element of a demodulation reference is referred to
a “reference element” herein. A message may be configured
“time-spanning” by occupying sequential symbols at a
single frequency, or “frequency-spanning” on multiple sub-
carriers at a single symbol time (also called “frequency-first”
if the message continues on multiple symbol times). “CRC”
(cyclic redundancy code) is an error-checking code. “RNTI”
(radio network temporary identity) is a network-assigned
user code. “QoS” is quality of service, or priority. “QCI”
(QosS class identifier) defines various performance levels. A
message is “unicast” if it is addressed to a specific recipient,
and “broadcast” if it includes no recipient address. Trans-
missions are “isotropic” if they provide roughly the same
wave energy in all horizontal directions. A device “knows”
something if it has the relevant information. A device
“listens” or “monitors” a channel or frequency if the device
receives, or attempts to receive, signals on the channel or
frequency. A message is “faulted” or “corrupted” if one or
more bits of the message are altered relative to the original
message. A “channel frequency” is a frequency of a particu-
lar subcarrier, such as the central subcarrier, of a frequency
band or channel, allocated by the base station, that includes
one or more subcarriers. A “synchronization signal block”
(SSB) and a “first system information block” (SIB1) are
system information messages that a network transmits to
new user devices. A “vector” is a mathematical entity having
a magnitude and a direction. For example, velocity is a
vector quantity in which the speed equals the vector mag-
nitude, and the direction of motion is the direction of the
vector. As used herein, the term “substantially equal” means
“equal to within a predetermined fraction”, and the prede-
termined fraction is in the list of 1%, 5%, 10%, and 20%
unless otherwise specified.

The systems and methods include a first version termed
“base-preferred” for communications between a mobile user
device and a base station, in which the base station transmits
and receives messages at the same frequency, while the
mobile user node is required to transmit and receive at
different frequencies. The systems and methods further
include a second version termed “mobile-preferred” in
which the mobile user device (such as a vehicle) transmits
and receives messages at the same frequency, while the base
station transmits and receives at different frequencies. The
systems and methods further include a third version termed
“none-preferred” because it requires both communicating
entitles to transmit and receive at different frequencies. The
systems and methods further include message formats by
which mobile user devices may indicate their location and
speed and direction, to base stations or other user devices,
and thereby to enable mutual correction of Doppler fre-
quency shifts.

A motivation for the “base-preferred” version may be that
a base station generally receives multiple messages from
different user devices simultaneously, on multiple closely-
spaced subcarriers. The base station can separate those
messages if they all remain tightly within their allotted
subcarriers. But if some of the user devices are in motion
(and fail to correct their transmission frequencies as pro-
vided below), some of the messages may be received with
frequency offsets, thereby greatly increasing the difficulty of
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separating the various messages. Therefore, base stations
may prefer a protocol that places the burden of correcting the
Doppler shifts onto the mobile user devices, so that the base
station can receive the messages in the frequency bins
expected.

A motivation for the “mobile-preferred” version may be
that mobile user devices are generally far less capable of
advanced signal processing than the base station. Typically,
base stations include high-speed processors and advanced
software. A reduced-capability user device may have diffi-
culty performing the adjustments and protocols required for
the base-preferred protocol. Therefore, the user device may
request the mobile-preferred version which allows a simpler
transmit and receive procedure.

A motivation for the “none-preferred” version may be that
peer-to-peer or sidelink communication generally involves
user devices transmitting and receiving just one message at
a time; hence the problems mentioned above regarding
separation of simultaneous messages may be moot. Conse-
quently, each user device in the none-preferred protocol
transmits and receives on different frequencies, separated by
the Doppler shift df.

Following are examples of the base-preferred version.

FIG. 1A is a schematic showing an exemplary embodi-
ment of a mobile user device communicating with a base
station, according to some embodiments. As depicted in this
non-limiting example, a mobile user device 101 and a base
station 102 communicate by exchanging wireless messages
104-105 while the user device 101 is traveling toward the
base station 102 as indicated by an arrow 103. The Doppler
effect states that the user’s message 104, transmitted at a
transmission frequency f, will be received at the base
station 102 frequency-shifted to a different frequency fz. If
the user device 101 is traveling toward the base station 102,
as depicted, then the message 104 is up-shifted, that is, f; is
greater than f;. The base station’s message 105 to the user
device 101 is also up-shifted in frequency, by the same
amount df, when received by the user device 101.

FIG. 1B is a chart showing an exemplary embodiment of
a wireless message frequency distribution, according to
some embodiments. As depicted in this non-limiting
example, a message is shown, as transmitted and as
received, versus frequency along the horizontal axis. A
transmitted message 111, such as the user device’s message
104, is transmitted at a particular “channel” frequency f,, but
is received 112 at a Doppler-shifted frequency f, +df. Here
and elsewhere, transmitted messages are shown in light
stipple while received messages are shown clear, and a
hollow arrow indicates which transmitted message corre-
sponds to which received message. The channel frequency £,
may correspond to a particular subcarrier, such as a central
subcarrier, in an allocated band of subcarriers. The fre-
quency shift, df, is proportional to the speed of the trans-
mitting entity relative to the receiving entity, and propor-
tional to the channel frequency. To sufficient accuracy, the
same value of df may be used for all of the subcarriers
employed in a particular message. It is immaterial which
entity, transmitting or receiving, is in motion, or if both
entities are in motion, since the frequency shift df depends
on the relative motion between them.

FIG. 1C is a schematic showing an exemplary embodi-
ment of a mobile user device with a base station at an angle,
according to some embodiments. As depicted in this non-
limiting example, a mobile user device 121, depicted in top
view as a vehicle, traveling according to the direction 123,
communicates with a fixed receiver 122 such as a base
station. The angle 124 between the vehicle’s direction 123
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and the vector toward the base station 122 is shown.
Messages from the mobile user device 121 and the base
station 122 are frequency-shifted when received by an
amount df; given (to sufficient accuracy) by the following
equations:

Sr=frdf M

df=f7*(v/c)*cos(0) 2)

Here {5 is the frequency at which the message is received,
f; is the frequency at which it is transmitted, df is the
Doppler shift, v is the speed of the mobile user device 121
relative to the base station 122, ¢ is the speed of light, and
0 is the angle 124 between the user device’s direction of
travel 123 and the direction of the base station 122. If the
mobile user device 121 is traveling away from the base
station 122, v is negative and df is negative, and the received
frequency is down-shifted. If the mobile user device 121 is
traveling perpendicular to the direction of the base station
122, the frequency shift is zero (to sufficient accuracy).
Small corrections such as the transverse Doppler effect and
higher-order corrections are generally insignificant at terres-
trial velocities and are ignored herein. It is generally not
necessary that the equality be exact because receivers can
usually accommodate small frequency errors. Of concern
are frequency shifts sufficient to reduce the noise margin and
result in message failures.

FIG. 1D is a frequency chart showing an exemplary
embodiment of a series of messages with Doppler shifting,
according to some embodiments. A frequency chart is a chart
with the horizontal axis showing frequency, and one or more
messages depicted from various entities. As depicted in this
non-limiting example, messages are shown as boxes along a
horizontal frequency axis. Transmitted messages are shown
in stipple, and received messages are shown clear. A hollow
arrow shows which transmitted message corresponds with
which received message. Three frequencies are indicated by
vertical lines, a channel frequency f, 132 (double line), a
down-shifted frequency f,—df 131, and an up-shifted fre-
quency f_+df 133. Thus the frequency separation between
the down-shifted 131 and up-shifted 133 frequencies is 2df
as indicated. As mentioned, df is positive if the mobile user
device is moving toward the base station, and negative if
moving away.

In this “base-preferred” example, the base station trans-
mits and receives messages at the same frequency (the
channel frequency f ), and the user device is expected to
adjust its transmitter and receiver to correct for any Doppler
shifts. The user device can calculate the frequency shift df by
determining the location of the base station, its own location,
and its own direction and speed. The user device can then
transmit uplink messages at a “reverse-shifted” frequency of
f -df, so that the base station will receive the messages
Doppler shifted up to the channel frequency of f . In the
figure, the reverse-shifted message 134 is transmitted at
f -df. The message is then received at the base station as
135, frequency shifted up to be substantially equal to the
channel frequency of £, as required by the base station. At a
later time, the base station transmits a reply message 136 at
frequency f,, which then gets Doppler-shifted up to f +df
when received 137. Thus the base station transmits and
receives both messages 135 and 136 at the same frequency
f,, while the mobile user device transmits at f -df and
receives at f +df.

FIG. 2A is a sequence chart showing an exemplary
embodiment of a mobile user acquiring data before com-
municating with a base station, according to some embodi-
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ments. A sequence chart is a chart showing a time series of
actions by each entity, with time along the horizontal axis.
Dotted arrows indicate causation or simultaneity. As
depicted in this non-limiting example, a mobile user device
prepares for communication with a base station according to
the base-preferred version, by determining its own location
201 (using GPS or other satellite system or other location
means) and its own direction 202 (using an electronic
compass or successive GPS readings, for example) and its
own speed 203 (using a speedometer or GPS, for example).
Then (if not sooner) the user device determines the location
of the base station 204 (using a published database or a prior
registration, for example) and calculates 205 the angle of the
base station relative to the user device’s direction of travel,
and thereby determines the Doppler shift df relative to a
channel frequency f, of the base station. The user device
then transmits a message 206 to the base station at the
“reverse-shifted” frequency of f,—df. The base station then
receives the message 207 Doppler-shified up by df, and
therefore received at the channel frequency f,. The base
station then sends a reply message 208 at the same frequency
f,, and the user device receives it 209 at the Doppler-shifted
frequency f_+df. Hence, in this base-preferred example, the
base station transmits and receives messages 207-208 at the
same frequency, which is the channel frequency f,. The user
device, on the other hand, is responsible for calculating df
and transmitting at f —df and then receiving at f +df.

FIG. 2B is a flowchart showing an exemplary embodi-
ment of a procedure for a mobile user device to communi-
cate with a base station, according to some embodiments. As
depicted in this non-limiting example, the user device first
determines its own location at 251 using, for example, a
satellite system or a map or other means, and at 252 reads
a compass and speedometer to determine its speed and
direction of travel. Then (if not sooner) the user device
determines the base station location 253 using, for example,
published base station coordinates, or a map, or a previous
interaction with the base station, or other means. The user
device then 254 calculates the angle between its direction of
travel and the vector toward the base station, and thereby
calculates 255 a Doppler frequency shift df. At 256, the user
device transmits a message to the base station, at a frequency
including a reverse-shift (that is, at £ —df) to compensate for
the expected frequency shift on the uplink. At 257, the base
station receives the message, shifted up to the channel
frequency f, as required for the base-preferred version.
Then, at 258, the base station transmits a reply message, also
at the channel frequency f,, which the user device receives
at 259 shifted up to £ +df.

An advantage of the base station receiving messages at a
standard channel frequency f, may be that the receiver may
separate and decode multiple incoming messages simulta-
neously on separate subcarriers, transmitted by multiple
separately-moving user devices, while preserving subcarrier
orthogonality and other signal-processing benefits. An
advantage of the base station transmitting messages on the
same frequency may be that the user device already knows
at which frequency to expect the reply message, specifically
at £ +df. Another advantage may be that, with the base-
preferred version, it may not be necessary for the user device
to inform the base station of the user device’s motion or
location, since the user device is responsible for accommo-
dating both the uplink and downlink frequency shifts.

Another advantage may be that the depicted low-com-
plexity procedures may be compatible with devices that may
have difficulty complying with prior-art 5G or 6G registra-
tion procedures. Another advantage may be that the depicted
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procedures of FIG. 1D or 2A or 2B may be implemented as
a software (or firmware) update, without requiring new
hardware development, and therefore may be implemented
at low cost, according to some embodiments. The proce-
dures of FIG. 1D or 2A or 2B may be implemented as a
system or apparatus, a method, or instructions in non-
transitory computer-readable media for causing a computing
environment, such as a user device, a base station, or other
signally-coupled component of a wireless network, to imple-
ment the procedure. As mentioned, the examples are non-
limiting. Other advantages may be apparent to skilled arti-
sans after reading this disclosure. The advantages in this
paragraph may apply equally to other examples and lists of
advantages provided below.

The systems and methods also include a “mobile-pre-
ferred” protocol in which the user device transmits and
receives messages at the same frequency. In some embodi-
ments, the base station still receives messages at the channel
frequency, and therefore is able to separate multiple simul-
taneous incoming messages. The base station transmits
messages at a “double-reverse-shifted” frequency, f -2df.
Such a pre-correction is well within the capabilities of base
stations generally.

FIG. 3A is a frequency chart showing another exemplary
embodiment of messages between a mobile user device and
a base station, according to some embodiments. A user
device transmits a message while traveling generally toward
a base station, and therefore the message is increased in
frequency by the Doppler shift df when received, due to the
motion of the user device. As depicted in this non-limiting
example, vertical lines indicate the channel frequency 333 f,
(double line), a lower frequency 332 f —df, and a still lower
frequency 331 f -2df. (Unlike the previous examples, the
channel frequency f, is now shown on the right side of the
chart.) In the figure, the user device transmits a message 334
at a reverse-shifted frequency f —df so that it will arrive at
the base station and be received 335 at the channel frequency
f,. The base station then transmits a reply 336 at the channel
frequency reduced by twice the Doppler shift, that is,
double-reverse-shifted at frequency f -2df. The reply is then
upshifted by df when received 337 by the user device, to the
frequency f —df. Thus the base station receives all messages
at the channel frequency £, as required, and the user device
transmits and receives all messages at the same frequency
f,-df, as required.

The frequency shifts depicted assume that the user device
is traveling generally toward the base station. If instead the
user device is traveling away from the base station, the
frequency shift is negative, df is a negative number, and
therefore the transmitted messages 334 and 336 would be
transmitted at frequencies higher than f, instead of lower to
compensate for the Doppler shift.

In addition, the mobile-preferred procedure may include
an uplink message in which the user device informs the base
station of the motion and location of the user device, so that
the base station can calculate the frequency shift df and can
transmit the downlink messages accordingly. Alternatively,
the user device can indicate the value of the frequency shift
df, or the double-reversed-shift of -2df, in an uplink mes-
sage.

FIG. 3B is a flowchart showing an exemplary embodi-
ment of a procedure for a mobile user device to adjust its
transmission frequency, according to some embodiments. As
depicted in this non-limiting example, a user device deter-
mines its own location, speed, and direction at 351, and
determines the location of a base station at 352. The user
device then calculates the angle to the base station and
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determines the df Doppler frequency shift for messages in a
particular channel frequency f,. The user device can then
send a message to the base station at the reverse-shifted
frequency f -df. In one version, at 353, the user device
indicates its own location, speed, and direction, then
requests the mobile-preferred protocol in which the user
device can transmit and receive on the same frequency.
Alternatively, at 354, the user device specifies the value of
df'and requests the mobile-preferred protocol. In either case,
at 355, the base station receives the message at the channel
frequency f, as required, and at 356 replies at the double-
reverse-shifted frequency f,-2df. The user device then 357
receives the reply upshifted to the frequency f,—df Thus the
user device transmits and receives messages on the same
frequency, as requested. Later, at 358, the user device
changes its speed or direction or position relative to the base
station, and calculates an updated value of df. The user
device then transmits a message to the base station inform-
ing the base station of the change, and at 359 the base station
records the updated value of df for use in subsequent
messages.

Thus the mobile-preferred protocol can provide that the
user device transmits and receives messages on the same
frequency of f —df, and that the base station receives mes-
sages on the channel frequency of f,. The base station
transmits downlink messages on the double-reverse-shifted
frequency f,-2df.

In some embodiments, the base station may transmit
multiple downlink messages simultaneously to multiple user
devices, each message occupying different subcarriers and
each message being double-reverse-shifted by a different
amount according to each user device’s requested df. How-
ever, the various user devices may be moving in different
directions, and therefore would each have a different Dop-
pler shift for each of the transmitted messages. To assist the
user devices in separating the various messages, the base
station may provide one or more blank resource elements
(such as a blank subcarrier) between the transmitted mes-
sages, with no transmission in the blank resource elements,
thereby avoiding signals from one message spilling over into
an adjacent message. The blank resource elements may also
assist the user devices in identifying the beginning and
ending of each message, greatly reducing the amount of
calculation required of the user devices to receive downlink
messages.

The systems and methods further include a “none-pre-
ferred” protocol for user devices to communicate with other
user devices, without assistance of a base station, such as a
sidelink communication. Two embodiments are disclosed,
depending on whether messages are transmitted or received
on the channel frequency.

FIG. 4A is a schematic showing an exemplary embodi-
ment of a mobile user device communicating with other
mobile and fixed user devices, according to some embodi-
ments. As depicted in this non-limiting example, a first user
device 401 communicates with a second user device 402. In
sidelink communications, the first user device 401 may
communicate with any of proximate mobile wireless entities
traveling at various speeds, such as cars and trucks and trains
going in various directions, pedestrians and bicycle riders
with mobile phones, plus a wide range of fixed assets such
as companies, traffic signals, home computers, and other
wireless entities not yet invented. In each sidelink or device-
to-device communication, the transmitting and receiving
entities may encounter Doppler-shifted messages, at fre-
quencies altered by the relative motion of the transmitter and
receiver. In contrast to base station communications, device-
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to-device communications generally involve receiving just a
single message at a time, whereas base stations are generally
designed to receive multiple simultaneous messages on
slightly different subcarrier frequencies. Consequently, cer-
tain communication modes are feasible among peer-to-peer
user devices, but may not be feasible for base station
communications. In the following, two sidelink communi-
cation embodiments are disclosed. In a first embodiment,
user devices transmit messages at a reverse-shifted fre-
quency and receive messages at the channel frequency. In a
second embodiment, user devices transmit at the channel
frequency and receive at the Doppler-shifted frequency.

FIG. 4B is a frequency chart showing an exemplary
embodiment of messages between two mobile user devices,
according to some embodiments. The user devices have
already exchanged messages indicating their speed and
location, and have thereby determined the motional fre-
quency shift df. In this case, df is positive (that is, the user
devices are approaching each other). As depicted in this
non-limiting example, vertical lines indicate the down-
shifted frequency 431 f —df, the channel frequency 432 £,
and the up-shifted frequency 433 f_+df.

User-1 transmits a message 434 to User-2 at the down-
shifted frequency 431 of f —df, which becomes Doppler
shifted up to the channel frequency 432 f, when received
435 by User-2. Then, User-2 transmits a reply 436 in the
same way, transmitting at the down-shifted frequency 431
f,-df, which User-1 receives 437 at the channel frequency
432 f . Thus both user devices transmit at the reverse-shifted
frequency of f —df and receive at the channel frequency of
f,. Since both of the user devices transmits at a different
frequency than it receives, the version is “none-preferred” as
used herein.

If either user device changes course, it may transmit an
updated value of df to the other one, or else an updated
indication of the speed and location. Alternatively, a first
user device may determine that the frequency of a message
received from a second user device is not equal to the
expected value of f,. This likely indicates that the second
user device has changed speed or direction. The first user
device may therefore transmit a frequency correction request
to the second user device. The frequency correction request
may be transmitted as a separate message, or it may be
appended to another message to the second user device.

An advantage of the depicted procedure may be that each
user device may receive messages at a predetermined fre-
quency, such as the channel frequency f,, despite their
relative motion, thereby enabling message demodulation at
a predetermined frequency without applying frequency cor-
rections before demodulating.

FIG. 4C is a schematic showing an exemplary embodi-
ment of two mobile user devices traveling in different
directions, according to some embodiments. As depicted in
this non-limiting example, two mobile user devices can
calculate a resultant frequency shift due to the Doppler
effect, according to the locations, speeds, and directions of
the two user devices. In contrast to FIG. 1C, in this case both
entitles are in motion, and therefore a suitable calculation is
required to determine the frequency shift df A first mobile
user device 441 and a second mobile user device 442,
depicted as vehicles in top view, are in motion. The first user
device 441 has a first velocity indicated by a first solid arrow
443, and the second user device 442 has a second velocity
indicated by a dashed arrow 444. Each velocity 443-444 is
represented as a vector with a magnitude equal to the
associated speed and an orientation equal to the associated
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direction. The line 445 between the two user devices 441-
442 indicates their relative locations.

To calculate the Doppler shift for such motions, the first
user device 441 can determine its own location, speed, and
direction, and can receive a message from the second user
device 442 indicating the second user device’s location,
speed, and direction. The first user device 441 can then
determine the line 445 according to the difference between
the locations of the two user devices 441-442. The first user
device 441 can also determine its own velocity 443 accord-
ing to its speed and direction, and the second user device’s
velocity 444 according to the second user device’s speed and
direction. The first user device 441 can then determine the
angle 0 448 using vector subtraction. Specifically, the first
user device 441 can vectorially subtract the second user
device’s velocity 444 from its own velocity 443. Alterna-
tively, and equivalently, the first user device 441 can add a
vector 446, equal in magnitude to the second user device’s
velocity 444 but opposite in direction, to the first user
device’s velocity 443. In either case, the resultant velocity
447 is indicated by a hollow arrow. The angle 6 448 is then
the angle between the resultant velocity 447 and the line 445
between the two user devices 441-442. The formulas given
in Eq. 1 and 2 can then be used to determine the Doppler
shift df, to sufficient accuracy, in which v represents the
magnitude of the resultant velocity 447, and 0 represents the
angle between the resultant velocity 447 and the line 445
between the two user devices 441-442.

The second user device 442 can perform an equivalent
calculation from its perspective, by vectorially subtracting
the first user device’s velocity vector 443 from its own
velocity vector 444 to obtain a resultant velocity vector,
setting v equal to the magnitude of that resultant vector,
calculate 6 from the direction, and determine the same
Doppler shift (to sufficient accuracy) as determined by the
first user device 441.

The case of FIG. 1C, involving a mobile user device and
a base station, is a special case of the vector calculation, in
which the velocity of the second entity is zero.

FIG. 4D is a flowchart showing an exemplary embodi-
ment of a procedure for mobile user devices to adjust their
transmission frequencies, according to some embodiments.
The example is of the “none-preferred” version in which
peer devices receive messages at a predetermined frequency
such as f,. As depicted in this non-limiting example, at 451,
a mobile User-1 determines its own location, speed, and
direction using, for example, GPS, a speedometer, and an
electronic compass. At 452, mobile User-2 does the same. At
453, the two mobile devices exchange messages indicating
their location, speed, and direction data. Since these initial
messages are transmitted before knowing what frequency
shifts to expect, these messages may be transmitted using
suitable wide-margin parameters, such as a low data rate
transmission with wide frequency acceptance. At 454, the
two user devices each calculates the frequency shift df due
to their relative motion. At 455, User-1 transmits a message
at a reverse-shifted frequency of f -df. At 456, User-2
receives the message, Doppler shifted to the channel fre-
quency of f,. At 457, User-2 transmits a reply message to
User-1, at the reverse-shifted frequency f -df, which User-1
receives 458 at £ . At 459, User-1 has changed its speed or
direction or location relative to User-2, and therefore recal-
culates the frequency shift df. The calculation may take into
account the change in location of User-2 due to its velocity
as reported in the previous message exchange. Thus the
calculated df frequency shift may include the extrapolated
location of the other user device assuming, for example, that
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the speed and direction of the other entity have remained
constant for the elapsed time. User-1 then transmits a
message to User-2, informing User-2 of the new value of df.
As a further alternative, User-1 may transmit its own revised
location and motion values so that User-2 can calculate df.
In either case, the update message is transmitted using the
updated value of df, so that User-2 can receive it at the
channel frequency f,.

An advantage of sidelink communications with messages
transmitted on a reverse-shifted frequency f -df, as
described in FIGS. 4B and 4C, may be that the messages can
be received by both entities at a known and expected
frequency f,. Receiving messages at a predetermined fre-
quency may simplify decoding of the messages, especially
if the message is frequency-spanning (occupying multiple
subcarriers at a single symbol time) and especially if the
receiving user device is a reduced-capability device. In
addition, each user device may broadcast messages indicat-
ing its location, direction, and speed so that other user
devices can calculate df accordingly before communicating
with it.

FIG. 5A is a frequency chart showing an exemplary
embodiment of communication between two mobile user
devices, each transmission at the channel frequency, accord-
ing to some embodiments. This is another example of the
none-preferred version, but now with user devices transmit-
ting at f, and receiving at f +df. Vertical lines show the
channel frequency 542 f, and the up-shifted and down-
shifted frequencies 543 and 541 respectively. The channel
frequency £, is in the middle of the chart. As depicted in this
non-limiting example, User-1 and User-2 both transmit
messages at the channel frequency, and both receive mes-
sages at the Doppler-shifted frequency.

First, User-1 transmits a message 544 to User-2 at the
channel frequency f,, which User-2 then receives 545 at
f +df due to the relative motion between the two entities.
User-2 transmits a reply message 546, also at frequency f,,
and User-1 receives it 547 at frequency f +df. Thus both
entitles transmit on the channel frequency and receive at the
Doppler-shifted frequency due to the relative motion.

To assist in decoding each received message, the user
devices may have already exchanged previous messages
indicating their locations, speeds, and directions. Each user
device may have thereby calculated the frequency shift df,
and therefore may be prepared to receive each incoming
message at the expected frequency of f +df. Alternatively,
each user device may determine the frequency of each
incoming message according to components of the message,
as explained later.

FIG. 5B is a flowchart showing an exemplary embodi-
ment of a procedure for mobile user devices to transmit and
receive messages at different frequencies, according to some
embodiments. As depicted in this non-limiting example, two
user devices transmit messages at the sidelink channel
frequency f, and receive at the Doppler-shifted frequency
f +df.

At 561 User-1 and User-2 each determine their own
locations, speeds, and directions, and then at 562 they
transmit this information to each other. Alternatively, each
user device may broadcast the information so that other
proximate user devices may also receive the information.
User-1 and User-2 then calculate the relative velocity,
angles, and frequency shift df relative to a common sidelink
channel frequency f,. At 563, User-1 transmits a message to
User-2 at the channel frequency f,. User-2 receives the
message at 564 at the Doppler-shifted frequency of f +df
and decodes it using the value of df calculated previously.
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Then at 565, User-2 transmits a reply to User-1 at the
channel frequency f . At 566, User-1 receives the reply at
f +df. Thus both user devices transmitted their messages at
the channel frequency and received messages frequency-
shifted by df, as expected.

The systems and methods further include message for-
mats for communications between mobile user devices and
base stations, and for sidelink communications between user
devices, as disclosed in the following.

FIG. 6A is a schematic showing an exemplary embodi-
ment of a user location update message, according to some
embodiments. According to this non-limiting example, a
user location update message 600 may be transmitted by a
mobile user device to a base station, to inform the base
station of changes in the location or motion of the user
device. The message 600 may include an optional field of
unmodulated carrier signal 601, a demodulation reference
602, a message-type field 603 indicating the type of message
(specifically, that the message includes the location and
motion of a mobile user device), an identification field 604
including an address or identification code of the transmit-
ting user device, a location field 605 indicating the coordi-
nates, such as latitude and longitude, of the transmitting user
device, a speed field 606 and a direction field 607 indicating
the motion of the user device, an optional flags field 608
containing one or more parameters conveying additional
information, and an optional error-check field 609 with a
parity or CRC or other value configured to reveal message
faults.

In some embodiments, the unmodulated carrier field 601
may be one or more resource elements with the carrier sine
wave at the subcarrier frequency but otherwise unmodu-
lated, thereby enabling a receiver to determine the frequency
of the message. The demodulation reference 602 may
exhibit certain levels, such as amplitude and/or phase levels,
of the modulation scheme that the rest of the message is
modulated in, so that the receiver can compare the amplitude
and/or phase of each of the message elements to the exhib-
ited levels (or to other levels derived from the exhibited
levels) to demodulate the message. For example, the
demodulation reference 602 may include two reference
elements which are modulated to specifically exhibit the
maximum amplitude level of the modulation scheme, the
minimum amplitude level, and the maximum and minimum
phase levels. The receiver can then calculate the intervening
amplitude and phase states (if any) of the modulation
scheme by interpolation between the exhibited maximum
and minimum levels. The receiver can then demodulate each
of the message elements by comparing the amplitude and
phase values of each message element to the amplitude and
phase levels of the modulation scheme, including those
exhibited in the demodulation reference 602 and those
derived by calculation. The receiver may thereby determine
the modulation state of each message element, thus demodu-
lating it.

The message-type field 603 may indicate that the message
is a location update with predetermined fields as shown. The
address or identification field 604 may indicate, to the base
station, which user device is providing the updated infor-
mation. The location field 605 may include the latitude and
longitude of the user device, or a code related to same, or
other location indicator understandable to the base station.
For example, if the location is in degrees and degree
fractions, it may not be necessary to include the whole-
degree part because one degree corresponds to about 100 km
over most of the planet, which is much larger than most
wireless cells. To save time and resources, the coordinates
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may be truncated, such as including the decimal portion but
not the whole-degree portion of the latitude and longitude.
Alternatively, the first digit after the decimal point may be
omitted for the same reason. Alternatively, the locations may
be provided in the degree-minute-second format with,
optionally, the whole-degree and minute portions omitted.
Further compactification of the location data may be pos-
sible, depending on the size of the region administered by
the base station and the spatial resolution required.

The speed and direction fields 606-607 may indicate how
the user device is moving, relative to a geographical direc-
tion such as north. For example, the user device may include
a speedometer indicating the speed, and an electronic com-
pass or gyro-compass indicating the direction of north.
Alternatively, the user device may determine its geographi-
cal heading by comparing subsequent location values from
GPS or other satellite system. As an option, if the user device
knows the location of the base station (from a network
database, for example), the message may include an indi-
cation of the angle between the user device’s motion and the
vector toward the base station. The speed field 606 may be
provided according to the speed of the user device relative
to the ground. Alternatively, the speed field may indicate the
rate of change of the distance between the user device and
the base station (that is, the velocity component along the
vector toward the base station), since frequency shifts are
generally proportional to that component. The optional flags
608 may indicate additional information, such as whether
the user device is a reduced-capability device, or whether the
user device requests another accommodation, for example.
The error-check field 609 may include a parity check or a
CRC code or other measure of message faulting.

An advantage of the user location update message 600
may be that the base station may adjust its frequency shift
value df to match the current motion and location of the user
device, and may thereby improve the reliability of demodu-
lating subsequent messages transmitted from the user device
to the base station, and may also improve the reliability of
messages transmitted from the base station to the user
device.

FIG. 6B is a schematic showing an exemplary embodi-
ment of a sidelink location message, according to some
embodiments. According to this non-limiting example, the
message 610 may be transmitted by a user device to other
user devices in a D2D or V2V or X2X communication, to
inform other user devices of the updated location and motion
of the transmitting user device. The message 610 may
include an optional (in dash) carrier field 611 of unmodu-
lated carrier signal, a demodulation reference 612, an
address field 613 indicating the wireless address code of the
user device, a location field 614 indicating the geographic
coordinates of the user device, and speed and direction fields
615 specitying the motion of the user device.

In some embodiments, the carrier field 611 may include
unmodulated carrier sine waves by which a receiving user
device may determine the frequency of the arriving message,
including any Doppler shifts, and may thereby configure the
receiver to match that frequency before attempting to pro-
cess the rest of the message. The demodulation reference
612 may be a short-form demodulation reference exhibiting
the maximum and minimum amplitude and phase levels of
the modulation scheme, or other predetermined levels of the
modulation scheme, and the receiver can calculate any
remaining amplitude and phase levels of the modulation
scheme by interpolation. The receiver can then demodulate
the message elements by comparing the amplitude and phase
values of the message elements to the amplitude and phase
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levels exhibited in the modulation reference 612, or those
derived therefrom, to determine the modulation state of each
message element.

The address field 613 may indicate the wireless address or
identification code of the transmitting user device. The
location field 614 may include the geographical coordinates,
or values derived from them, sufficient to indicate the
position of the transmitting user device at the time of
transmission. The speed and direction fields, collectively
615, may indicate the current motion of the transmitting user
device, so the receiving user devices may input this infor-
mation into their collision-avoidance systems and thereby
avoid traffic collisions. In addition, the receiving user
devices can adjust the frequency of subsequent messages to
this user device to account for the frequency shift caused by
the relative motion between them.

An advantage of a user device broadcasting a message
indicating its current position, speed, and direction may be
to enable other user devices to calculate the Doppler shift df,
and thereby improve their processing of messages from the
transmitting user device, and also to adjust frequencies and
other parameters of future messages to that user device.

FIG. 7A is a schematic showing an exemplary embodi-
ment of a message format for a base station to indicate its
location to user devices, according to some embodiments.
As depicted in this non-limiting example, a modified SSB
(synchronization signal block) 700 in 5G/6G includes 4
symbol times and 240 consecutive subcarriers, all modu-
lated in QPSK. Within the message 700 are a PSS (primary
synchronization signal) of 127 subcarriers, a SSS (secondary
synchronization signal) also 127 subcarriers, and four
regions with PBCH (physical broadcast channel) which, in
this context, includes the MIB (master information block).
The PSS, SSS, and PBCH(MIB) provide system information
that a user device may require, in order to receive messages
on a particular cell. The remaining two regions, indicated as
701 and 702, are unassigned in 5G/6G.

In the depicted embodiment, a demodulation reference is
inserted into the first unassigned region 701, to assist user
devices in demodulating the rest of the message, and a
location is inserted into the second unassigned region 702,
indicating the latitude and longitude of the base station (or
the antenna of the base station). The full geographical
location of the base station may include eight digits for each
of the latitude and longitude in decimal degrees, for
example, thereby providing about one-meter resolution. The
number of bits needed for this resolution is about 53 or 54
depending on encoding, or 27 resource elements at QPSK.
Thus the full geographical coordinates can fit within the
second region 702, which includes 56 or 57 subcarriers.
Thus the base station can indicate, in its SSB message, its
location at meter-scale resolution, with no increase in the
bandwidth required, and no increase in the time required, for
the message.

FIG. 7B is a schematic showing another exemplary
embodiment of a message format for base stations to indi-
cate locations to user devices, according to some embodi-
ments. As depicted in this non-limiting example, another
modified SSB message 710 may include the usual PSS-SSS-
PBCH(MIB) structure, plus four new items in the previously
unallocated fields of the first symbol time. The modified
SSB message 710 may include a short-form demodulation
reference 711, shown in the four highest-frequency subcar-
riers, followed by the latitude value 712. After the PSS, the
longitude value 713 is shown followed by another short-
form demodulation reference 714 in the lowest-frequency
subcarriers. Each of the short-form demodulation references



US 11,611,375 B2

17

711 and 714 is four consecutive reference elements of the
message 710, modulated according to all four values of the
phase used in the modulation scheme. (There is no ampli-
tude modulation in QPSK). By providing the short-form
demodulation references at the highest and lowest frequency
subcarriers, within the message body 710, the rest of the
message may be demodulated despite interference and
noise. For example, each element of the message 700 may
be compared to an interpolated, or weighted average, of the
modulation levels exhibited in the short-format demodula-
tion references 711 and 714. Since the demodulation refer-
ences 711 and 714 are generally affected by noise and
interference in the same way as the rest of the message, each
message element may be demodulated according to the
interpolated average of the two demodulation references 711
and 714, thereby mitigating the noise and interference
including frequency-dependent noise and interference,
according to some embodiments.

As another option, the location data may be included in or
appended to the PBCH by declaring a new format that
includes the latitude and longitude of the base station.

As a further example, the location information may be
included with or appended to an SIB1 message, which is a
message broadcast periodically by the base station indicat-
ing how new users can transmit messages to the base station.
By receiving the SSB or the SIB1 message modified to
include the base station’s latitude and longitude, new user
devices can thereby determine the location of the base
station.

FIG. 7C is a schematic showing an exemplary embodi-
ment of a low-complexity message format for a base station
to indicate its location to user devices, according to some
embodiments. As depicted in this non-limiting example, in
a low-complexity SSB message 720, the bandwidth may be
reduced to that required for transmitting the PSS and SSS
portions, and the size of the BPCH portions may be reduced
by reducing the number and complexity of parameters, and
a fifth symbol 721 may be added. The fifth symbol 721 may
contain the latitude and longitude, and optionally other data,
of the base station.

Alternatively, the location data may be included in the
PBCH, and a fifth symbol may be added to accommodate the
PBCH with the location data included.

An advantage of providing the base station location in the
SSB message may be to inform each new arrival user device
of'the base station’s location before the user device attempts
to acquire further system information and begin transmitting
to the base station. An advantage of placing two short-form
demodulation references at the top and bottom subcarriers
may be that frequency-dependent interference and external
noise can be mitigated by comparing the phase of each
message element to the two short-form demodulation refer-
ences 711 and 714 or to an interpolated average of the
corresponding phase values. An advantage of informing user
devices of the base station’s location may be that the user
devices can then adjust their transmit power for satisfactory
reception at the base station without a power scan. An
advantage of including the base station’s location informa-
tion in an SIB1 message instead of the SSB message may be
that the SSB message may remain unmodified.

5G, and especially 6G, have enormous potential for
communications between mobile user devices and other
entities, such as base stations, vehicles in traffic, roadside
devices, and innumerable other applications for low-cost
wireless communication. The systems and methods dis-
closed herein are intended to provide means for user devices
in motion to mitigate effects of frequency shifts caused by
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the Doppler effect, the upshift or downshift in frequency
resulting from relative motion between the transmitting and
receiving entity. Each user device may determine its own
location, speed, and direction of travel, as well as the
location and other parameters of the intended recipient. The
user device can calculate a frequency shift due to the relative
motion, and can compensate for that frequency shift in
transmissions or receptions or both. In communications
between a mobile user device and a base station, uplink
messages may be configured to arrive at the base station at
a predetermined channel frequency f,, while downlink mes-
sages may be configured to simplify the signal processing
required of user devices to decode the message. In sidelink
communications, mobile user devices may communicate
with other mobile or fixed entities while providing that each
message is received at a predetermined channel frequency.
These protocols may thereby provide readily applicable
solutions to longstanding limitations of communications
with mobile devices, and may thereby enable many wireless
applications with mobile devices that would be unfeasible,
absent the systems and methods disclosed herein.

The systems and methods may be fully implemented in
any number of computing devices. Typically, instructions
are laid out on computer readable media, generally non-
transitory, and these instructions are sufficient to allow a
processor in the computing device to implement the method
of the invention. The computer readable medium may be a
hard drive or solid state storage having instructions that,
when run, or sooner, are loaded into random access memory.
Inputs to the application, e.g., from the plurality of users or
from any one user, may be by any number of appropriate
computer input devices. For example, users may employ
vehicular controls, as well as a keyboard, mouse, touch-
screen, joystick, trackpad, other pointing device, or any
other such computer input device to input data relevant to
the calculations. Data may also be input by way of one or
more sensors on the robot, an inserted memory chip, hard
drive, flash drives, flash memory, optical media, magnetic
media, or any other type of file-storing medium. The outputs
may be delivered to a user by way of signals transmitted to
robot steering and throttle controls, a video graphics card or
integrated graphics chipset coupled to a display that maybe
seen by a user. Given this teaching, any number of other
tangible outputs will also be understood to be contemplated
by the invention. For example, outputs may be stored on a
memory chip, hard drive, flash drives, flash memory, optical
media, magnetic media, or any other type of output. It
should also be noted that the invention may be implemented
on any number of different types of computing devices, e.g.,
embedded systems and processors, personal computers, lap-
top computers, notebook computers, net book computers,
handheld computers, personal digital assistants, mobile
phones, smart phones, tablet computers, and also on devices
specifically designed for these purpose. In one implemen-
tation, a user of a smart phone or Wi-Fi-connected device
downloads a copy of the application to their device from a
server using a wireless Internet connection. An appropriate
authentication procedure and secure transaction process may
provide for payment to be made to the seller. The application
may download over the mobile connection, or over the
Wi-Fi or other wireless network connection. The application
may then be run by the user. Such a networked system may
provide a suitable computing environment for an implemen-
tation in which a plurality of users provide separate inputs to
the system and method.

It is to be understood that the foregoing description is not
a definition of the invention but is a description of one or
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more preferred exemplary embodiments of the invention.
The invention is not limited to the particular embodiments(s)
disclosed herein, but rather is defined solely by the claims
below. Furthermore, the statements contained in the forego-
ing description relate to particular embodiments and are not
to be construed as limitations on the scope of the invention
or on the definition of terms used in the claims, except where
a term or phrase is expressly defined above. Various other
embodiments and various changes and modifications to the
disclosed embodiment(s) will become apparent to those
skilled in the art. For example, the specific combination and
order of steps is just one possibility, as the present method
may include a combination of steps that has fewer, greater,
or different steps than that shown here. All such other
embodiments, changes, and modifications are intended to
come within the scope of the appended claims.

As used in this specification and claims, the terms “for
example”, “e.g.”, “for instance”, “such as”, and “like” and
the terms “comprising”, “having”, “including”, and their
other verb forms, when used in conjunction with a listing of
one or more components or other items, are each to be
construed as open-ended, meaning that the listing is not to
be considered as excluding other additional components or
items. Other terms are to be construed using their broadest
reasonable meaning unless they are used in a context that
requires a different interpretation.

The invention claimed is:

1. A mobile wireless user device configured to:

receive, from a base station, an SSB (synchronization
signal block) message comprising an indication of an
antenna location of an antenna of the base station, the
antenna location comprising or indicating geographical
latitude and longitude coordinates;

determine or retrieve a user location of the user device,
the user location comprising or indicating further lati-
tude and longitude coordinates;

determine, according to sensors in or on the user device,
a speed and a direction of the user device;

calculate, based on the antenna location and the user
location and the speed and the direction of the user
device, a Doppler frequency shift; and

transmit a first message to the base station at a frequency
comprising a channel frequency of the base station
minus the calculated Doppler frequency shift;

receive, from the base station, a second message, the
second message at a frequency comprising the channel
frequency of the base station plus the calculated Dop-
pler frequency shift;

determine, from the second message, a frequency adjust-
ment suggested by the base station;

configure an adjusted transmission frequency according
to the frequency adjustment suggested by the base
station, and

transmit a message to the base station at the adjusted
transmission frequency.

2. A mobile wireless user device configured to:

receive, from a base station, an SSB (synchronization
signal block) message comprising an indication of an
antenna location of an antenna of the base station, the
antenna location comprising or indicating geographical
latitude and longitude coordinates;

determine or retrieve a user location of the user device,
the user location comprising or indicating further lati-
tude and longitude coordinates;

determine, according to sensors in or on the user device,
a speed and a direction of the user device;
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calculate, based on the antenna location and the user
location and the speed and the direction of the user
device, a Doppler frequency shift; and
transmit a first message to the base station at a frequency
comprising a channel frequency of the base station
minus the calculated Doppler frequency shift;

receive, from the base station, a second message, the
second message at a frequency comprising the channel
frequency of the base station plus the calculated Dop-
pler frequency shift;
determine, from the second message, a transmission fre-
quency adjustment suggested by the base station;

adjust a reception frequency opposite to the transmission
frequency adjustment suggested by the base station,
and

receive a message from the base station at the oppositely

adjusted reception frequency.

3. A mobile wireless user device configured to:

receive, from a base station, an SSB (synchronization

signal block) message comprising an indication of an
antenna location of an antenna of the base station, the
antenna location comprising or indicating geographical
latitude and longitude coordinates;

determine or retrieve a user location of the user device,

the user location comprising or indicating further lati-
tude and longitude coordinates;
determine, according to sensors in or on the user device,
a speed and a direction of the user device;

calculate, based on the antenna location and the user
location and the speed and the direction of the user
device, a Doppler frequency shift;
determine, according to internal sensors in or on the user
device, that the user device has changed speed or
direction or location relative to the base station;

calculate an updated Doppler frequency shift according to
the changed speed and direction and location relative to
the base station; and

transmit a message to the base station at an updated

transmission frequency comprising the channel fre-
quency minus the updated Doppler frequency shitt.

4. The user device of claim 3, further configured to:

receive, from the base station, another message at a

frequency comprising the channel frequency plus the
updated Doppler frequency shift.

5. Amethod for a first mobile user device to communicate
wirelessly with a second mobile user device, the method
comprising:

broadcasting, by the first mobile user device, a first

message comprising system information about the first
mobile user device, the first message further compris-
ing a first location of the first mobile user device, a first
speed of the first mobile user device, and a first
direction of travel of the first user device;

receiving, by the first mobile user device, from a second

mobile user device, a second message comprising
system information about the second mobile user
device, the second message further comprising an indi-
cation of a second location of the second user device,
a second speed of the second user device, and a second
direction of travel of the second user device;
calculating, by the first mobile user device, according to
the first location, the first speed, the first direction, the
second location, the second speed, and the second
direction, a calculated Doppler frequency shift; and
transmitting, by the first mobile user device, to the second
mobile user device, a third message at a Doppler-
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corrected frequency comprising a predetermined side-
link channel frequency minus the calculated Doppler
frequency shift.
6. A method for a first mobile user device to communicate
wirelessly with a second mobile user device, the method
comprising:
broadcasting, by the first mobile user device, a first
message comprising system information about the first
mobile user device, the first message further compris-
ing a first location of the first mobile user device, a first
speed of the first mobile user device, and a first
direction of travel of the first user device;
receiving, by the first mobile user device, from a second
mobile user device, a second message comprising
system information about the second mobile user
device, the second message further comprising an indi-
cation of a second location of the second user device,
a second speed of the second user device, and a second
direction of travel of the second user device;

calculating, by the first mobile user device, according to
the first location, the first speed, the first direction, the
second location, the second speed, and the second
direction, a calculated Doppler frequency shift; and

receiving, by the first mobile user device, from the second
mobile user device, a message at a reverse-Doppler-
corrected frequency comprising the predetermined
sidelink channel frequency plus the calculated Doppler
frequency shift.

7. Amethod for a first mobile user device to communicate
wirelessly with a second mobile user device, the method
comprising:

broadcasting, by the first mobile user device, a first

message comprising system information about the first
mobile user device, the first message further compris-
ing a first location of the first mobile user device, a first
speed of the first mobile user device, and a first
direction of travel of the first user device;

receiving, by the first mobile user device, from a second

mobile user device, a second message comprising
system information about the second mobile user
device, the second message further comprising an indi-
cation of a second location of the second user device,
a second speed of the second user device, and a second
direction of travel of the second user device;
calculating, by the first mobile user device, according to
the first location, the first speed, the first direction, the
second location, the second speed, and the second
direction, a calculated Doppler frequency shift;
at a later time, calculating, by the first mobile user device,
an updated first location of the first mobile user device
and an updated second location of the second mobile
user device, wherein the calculating assumes that the
first speed and the first direction and the second speed
and the second direction have remained constant; and

calculating, by the first mobile user device, an updated
Doppler frequency shift according to the updated first
location, the first speed, the first direction, the updated
second location, the second speed, and the second
direction.
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8. A method for a first mobile user device to communicate

wirelessly with a second mobile user device, the method
comprising:

broadcasting, by the first mobile user device, a first
message comprising system information about the first
mobile user device, the first message further compris-
ing a first location of the first mobile user device, a first
speed of the first mobile user device, and a first
direction of travel of the first user device;

receiving, by the first mobile user device, from a second
mobile user device, a second message comprising
system information about the second mobile user
device, the second message further comprising an indi-
cation of a second location of the second user device,
a second speed of the second user device, and a second
direction of travel of the second user device;

calculating, by the first mobile user device, according to
the first location, the first speed, the first direction, the
second location, the second speed, and the second
direction, a calculated Doppler frequency shift;

at a later time, determining, by the first mobile user
device, according to sensors in or on the first mobile
user device, that the first mobile user device has
changed speed to an updated first speed, or has changed
direction to an updated first direction; and

calculating, by the first mobile user device, an updated
Doppler frequency shift according to the updated first
speed and the updated first direction.

9. A method for a first mobile user device to communicate

wirelessly with a second mobile user device, the method
comprising:

broadcasting, by the first mobile user device, a first
message comprising system information about the first
mobile user device, the first message further compris-
ing a first location of the first mobile user device, a first
speed of the first mobile user device, and a first
direction of travel of the first user device;

receiving, by the first mobile user device, from a second
mobile user device, a second message comprising
system information about the second mobile user
device, the second message further comprising an indi-
cation of a second location of the second user device,
a second speed of the second user device, and a second
direction of travel of the second user device;

calculating, by the first mobile user device, according to
the first location, the first speed, the first direction, the
second location, the second speed, and the second
direction, a calculated Doppler frequency shift;

at a later time, receiving, by the first mobile user device,
a message from the second mobile user device, the
message indicating an updated second location or an
updated second speed or an updated second direction of
the second mobile user device; and

calculating, by the first mobile user device, according to
the updated second location or the updated second
speed or the updated second direction of the second
mobile user device, an updated Doppler frequency
shift.



