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(57) ABSTRACT

Base stations and user devices 1mn 5G and 6G networks can
save enormous amounts of power, while minimizing back-
ground generation, by directing narrow transmission and
reception beams toward each other. To optimize those beam
directions, and their lateral beam widths, and the frequency
and power transmitted, a small set of test signals can be
appended to each message, and a feedback message select-
ing the best-received test signal can be appended to the
acknowledgement. In this way, the base station can develop
a custom set of beam parameters optimized for each user
device, and each user device can maintain 1ts uplink beam
squarely toward the base station. Result: higher signal
quality per watt transmitted, fewer faults and retransmis-
sions, and improved network operations overall.
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411 - Receive or determine Al model with variables adjusted to evaluate signal quality.

v

412 - Receive downlink message including test signals.

Y

413 - Evaluate input parameters of each test signal: SNR/SINR, amplitude or power,
amplitude or phase deviation relative to predetermined levels of modulation scheme,
variations in amplitude or phase during the test signal.

v

414 - Provide input parameters to the Al model.

!

415 - Analyze the inputs with the Al model.

v

416 - Receive, as output from Al model, signal quality of each test signal. Optionally,
also determine the uncertainty of each signal quality determination.

l
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l—( 417 - Uncertainty below threshold? /

418 - Select best test signal and transmit feedback to base station.
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419 - Monitor subsequent performance metrics: throughput, faults, delays, SNR.
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FIG. 2

Base Station User Device

201 - Base station: Transmit sig-1, data
message, sig-2, sig-3.

Use B for message beam and sig-1,
0+dO for sig-2, 6-dO for sig-3.

202 - Option: Use single resource
element for each test signal.

203 - Option: Each test signal has max
amplitude in | and min in Q.

204 - Option: Add blank space before
and after transmission.

205 - User device:
Receive blank, sig-1, data message,
sig-2, sig-3, final blank.

207 - Demodulate message using sig-1
as demodulation reference for the
message. Use sig-2 and sig-3 as phase-
tracking references.

208 - Determine whether message is
faulted.

209 - Select sig(1,2,3) with the highest
amplitude.

210 - Determine SNR of best sig,
compare to thresholds.

211 - Transmit multiplexed ACK, SR.

Transmit multiplexed power/beam
request, based on SNR of signals.

l 212 - Option - add ID code. .

- |

213 - Option - add BSR if requesting
214 -

Adjust downlink power if requested. e

Adjust beam direction if requested.
Retransmit message if requested.
Transmit uplink grant if requested.
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405 - SIGNAL QUALITY 407 - SIGNAL QUALITY

Al INPUTS: 106 - Al Al OUTPUTS:
-- Received amplitude or power. MODEL -- Signal quality of each
test signal.

-- SNR or SINR.

-- Uncertainty of the

-- Amplitude and phase deviations.
determined signal quality.

-- Amplitude and phase variations.
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FIG. 4B

User Device

411 - Receive or determine Al model with variables adjusted to evaluate signal quality.

412 - Receive downlink message including test signals.

413 - Evaluate input parameters of each test signal: SNR/SINR, amplitude or power,
amplitude or phase deviation relative to predetermined levels of modulation scheme,
variations in amplitude or phase during the test signal.

414 - Provide input parameters to the Al model.

415 - Analyze the inputs with the Al model.

416 - Receive, as output from Al model, signal quality of each test signal. Optionally,

also determine the uncertainty of each signal quality determination.

Y
417 - Uncertainty below threshold? N
418 - Select best test signal and transmit feedback to base station.
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FIG. 6A

Base Station

601 - Transmit message to user device
using current beam or power settings.

602 - Receive feedback from user
indicating +/0/- selection.
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FIG. 6B

User Device

651 - Receive message.

652 - Send feedback indicating
incremental power or beam selection.

FIG. 7A

701 - INCREMENTATION 703 - INCREMENTATION
Al INPUTS: Al OUTPUTS:
-- Number of user devices. -- Size of incrementation.

-- Angular density of user devices. -- Escalation formula.
-- Current interference. -- Max, min size values.
-- Capabilities of user device. -- Exceptions, non-repeat.
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FIG. 7B

/51 - SUPERCOMPUTER:
Develop or obtain Al software.

752 - Input network data including
current incrementation parameters.

/53 - Predict network operations from
network and incrementation parameters.

/54 - Compare with measured performance.

N Y
/55 - Satistactory prediction?
756 - Adjust model variables.

/57 - Prepare a fieldable Al model, or algorithm derived
from Al, for use by a base station or a core network.

758 - BASE STATION:

Install Al model or algorithm for determining incrementation.

/59 - Receive feedback from user device requesting incremental
adjustment of power or beam angle.

760 - Input the feedback data and current network parameters. Use
Al model to select incrementation type and values.

/61 - Update the power or angle based on Al recommendations.

|
! 763 - Transfer recommendations and outcomes back to Al :
1 model developer, enabling collaborative model refinement. :
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FIG. 14A

1401 - MODULATION SCHEME 1403 - MODULATION-TYPE

Al INPUTS: 1407 - Al Al OUTPUTS:
-- QOS requested. MODEL -- Increase or decrease ampl levels.
-- Average signal quality. -- Increase or decrease phase levels.

-- Use QAM or A-P modulation.
-- Use asymmetric mod table.
-- Include zero-branch states.
-- Include zero-power state.

-- Amplitude fault rate.

-- Phase fault rate.

-- Adjacent fault rate.

-- Non-adjacent fault rate.

FIG. 14B

Base Station

1411 - Receive signal quality feedback from user device, requesting change in power.

1412 - Measure network performance and environment parameters.

1413 - Provide current signal quality data and network performance data and
environment data to Al model.

1414 - Operate Al model to select preferred modulation scheme

1415 - Al model or algorithm estimates benefit and cost of changing mod scheme.
N Y
1416 - Benefit greater than cost?

1417 - Inform user device and change to
preferred modulation scheme.

. 1419 - Adjust the requested power change
' according to the preferred modulation scheme.
|
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FIG . 1 5B User Device

1511 - Receive SSB message.

1512 - Measure amplitude or received power of test signals.
1513 - Receive SIB1 message.

1514 - Transmit RACH Preamble on random access channel, followed by a feedback
message indicating which test signal was best received.

N
1516 - User has beamforming capability? X
1517 - Done. 1518 - Measure identical signals with different reception beams,

or
calculate uplink angle by adding 180 degrees to angle of best test
signal.

1520 - Synchronization Signal Block

1521

MULTIPLE
ANGLES
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TEST SIGNALS AND FEEDBACK FOR
BEAM OPTIMIZATION IN 5G AND 6G

PRIORITY CLAIMS AND RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 18/191,019, entitled “Lean Determin-
1stic Beam/Power Feedback During 5G/6G Imitial Access”,
filed Apr. 21, 2023, which claims the benefit of U.S. Pro-
visional Patent Application Ser. No. 63/327,007, entitled
“Modulation Including Zero-Power States in 5G and 6G”,
filed Apr. 4, 2022, and U.S. Provisional Patent Application
Ser. No. 63/418,784, entitled “Demodulation for Phase-
Noise Mitigation 1mn 3G and 6G”, filed Oct. 24, 2022, and
U.S. Provisional Patent Application Ser. No. 63/426,853,
entitled “Multiplexed Amplitude-Phase Modulation {for
5G/6G Noise Mitigation”, filed Nov. 21, 2022, and U.S.
Provisional Patent Application Ser. No. 63/441,488, entitled
“Multiplexed Code for ACK/SR/Power/Beam Feedback 1n
5G and 6G7, filed Jan. 27, 2023, and U.S. Provisional Patent
Application Ser. No. 63/444,380, entitled “Concise Feed-
back for Downlink Beam and Power Adjustment 1n 5G and
6G”, filed Feb. 9, 2023, and U.S. Provisional Patent Appli-
cation Ser. No. 63/447,167, entitled “Incremental Realtime
Signal-Quality Feedback in 5G/6G™, filed Feb. 21, 2023, and
U.S. Provisional Patent Application Ser. No. 63/448,422,
entitled “Al-Managed Channel Quality Feedback 1n
5G/6G”, filed Feb. 27, 2023, and U.S. Provisional Patent
Application Ser. No. 63/451,722, entitled “Lean Determin-
istic Beam/Power Feedback During 5G/6G Imitial Access”,
filed Mar. 13, 2023, all of which are hereby imcorporated by

reference 1n their entireties.

FIELD OF THE INVENTION

[0002] The disclosure pertains to wireless messaging, and
more particularly to methods and formats for providing
feedback on signal quality.

BACKGROUND OF THE INVENTION

[0003] Wireless messages are required to reach the recipi-
ent antenna with suflicient amplitude for reliable reception.
Certain messages, such as CSI (channel-state information)
messages, can provide some of the needed feedback, but
using bulky complex formats that may be dithicult for
reduced-capability user devices to manage. What 1s needed
1s a compact low-complexity message format that provides
suflicient information to the transmitter while consuming
mimmal resources.

[0004] This Background is provided to introduce a brief
context for the Summary and Detailed Description that
follow. This Background 1s not itended to be an aid in
determining the scope of the claimed subject matter nor be
viewed as limiting the claimed subject matter to implemen-
tations that solve any or all of the disadvantages or problems
presented above.

SUMMARY OF THE INVENTION

[0005] In a first aspect, there 1s a method for a new user
device to communicate with a base station of a wireless
network, the method comprising: transmitting, to the base
station, on a random access channel, a preamble configured
to request registration with the base station; receiving, from
the base station, responsive to the preamble, a random

May 9, 2024

access response (“RAR™) message and, appended to the
RAR message, a first plurality of test signals, each test signal
comprising a single resource element of a resource grid, and
cach test signal transmitted, by the base station, 1n a different
direction; and transmitting, to the base station, a feedback
message indicating which test signal of the first plurality of
test signals was best received by the user device.

[0006] In another aspect, there 1s a method for a wireless
user device to align a transmission beam toward a base
station, the method comprising: transmitting a random
access preamble concatenated with or associated with a first
plurality of test signals, wherein each test signal of the first
plurality 1s transmitted 1n a different direction; and receiving,
a random access response (“RAR”) message from the base
station, the RAR message indicating which test signal, of the
first plurality, was best received by the base station.

[0007] In another aspect, there 1s a method for a base
station of a wireless network to assist a user device of the
wireless network, the method comprising: receiving, from
the user device, a random access preamble and, appended to
the random access preamble, a first plurality of test signals,
cach test signal of the first plurality transmitted by the user
device 1n a diferent direction; transmitting, to the user
device, a random access response (“RAR”) message and,
appended to the RAR message, a first feedback message
indicating which test signal, of the first plurality, was best
received by the base station, thereby enabling the user
device to determine a direction toward the base station.

[0008] This Summary 1s provided to introduce a selection
of concepts 1n a simplified form. The concepts are further
described 1n the Detailed Description section. Elements or
steps other than those described in this Summary are pos-
sible, and no element or step 1s necessarily required. This
Summary 1s not itended to identity key features or essential
teatures of the claimed subject matter, nor 1s it intended for
use as an aid in determining the scope of the claimed subject
matter. The claimed subject matter 1s not limited to 1mple-
mentations that solve any or all disadvantages noted in any
part of this disclosure.

[0009] These and other embodiments are described 1n
turther detail with reference to the figures and accompany-

ing detailed description as provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A 1s a schematic showing an exemplary
embodiment of a downlink message with beam test signals,
according to some embodiments.

[0011] FIG. 1B 1s a schematic showing an exemplary
embodiment of a downlink message with beam test signals
configured as demodulation references, according to some
embodiments.

[0012] FIG. 1C 1s a schematic showing an exemplary
embodiment of a feedback message, according to some
embodiments.

[0013] FIG. 1D 1s a schematic showing another exemplary
embodiment of a feedback message, according to some
embodiments.

[0014] FIG. 1E 1s a schematic showing an exemplary
embodiment of a resource grid with test signals, according
to some embodiments.

[0015] FIG. 2 1s a flowchart showing an exemplary
embodiment of a method for providing feedback to a base
station, according to some embodiments.
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[0016] FIG. 3 1s a schematic showing an exemplary
embodiment of an Al structure based on a neural net,
according to some embodiments.

[0017] FIG. 4A 1s a flowchart showing an exemplary
embodiment of a method for providing signal quality mput
parameters to an Al model, according to some embodiments.
[0018] FIG. 4B i1s a flowchart showing an exemplary
embodiment of a method for determining the signal quality
of the received test signals, according to some embodiments.
[0019] FIG. 5A 1s a schematic showing an exemplary
embodiment of a beam-test signal, according to some
embodiments.

[0020] FIG. 5B 1s a schematic showing an exemplary
embodiment of an iterative adjustment of beam angle,
according to some embodiments.

[0021] FIG. 3C 1s a schematic showing an exemplary
embodiment of an 1iterative adjustment of transmission
power, according to some embodiments.

[0022] FIG. 6A 1s a flowchart showing an exemplary
embodiment of a method for iteratively adjusting a trans-
mission parameter, according to some embodiments.
[0023] FIG. 6B 1s a flowchart showing an exemplary
embodiment of a method for providing iterative feedback,
according to some embodiments.

[0024] FIG. 7A 1s a flowchart showing an exemplary

embodiment of a procedure for operating an Al model,
according to some embodiments.

[0025] FIG. 7B i1s a flowchart showing an exemplary
embodiment of a procedure for preparing an Al model,
according to some embodiments.

[0026] FIG. 8A 1s a schematic showing an exemplary
embodiment of a 16QAM modulation constellation chart,
according to prior art.

[0027] FIG. 8B 1s a schematic showing an exemplary
embodiment of a (QPSK modulation constellation chart,
according to prior art.

[0028] FIG. 9A 1s a schematic showing an exemplary
embodiment of a 9QAM constellation chart, according to
some embodiments.

[0029] FIG. 9B 1s a schematic showing an exemplary
embodiment of a 8QAM constellation chart, according to
some embodiments.

[0030] FIG. 10A 1s a schematic showing an exemplary
embodiment of a polar plot of an amplitude-phase modula-
tion scheme, according to some embodiments.

[0031] FIG. 10B 1s a schematic showing an exemplary
embodiment of a polar plot of an 8PSK modulation scheme
with a zero-power state, according to some embodiments.

[0032] FIG. 11A1s a constellation chart showing an exem-

plary embodiment of an asymmetric QAM modulation
scheme, according to some embodiments.

[0033] FIG. 11B 1s a constellation chart showing an exem-

plary embodiment of another asymmetric QAM modulation
scheme, according to some embodiments.

[0034] FIG. 12A 1s a polar plot showing an exemplary
embodiment of an amplitude-phase modulation scheme with
9 states, according to some embodiments.

[0035] FIG. 12B 1s a modulation table showing an exem-
plary embodiment of an amplitude-phase modulation
scheme with 9 states, according to some embodiments.

[0036] FIG. 13A 1s a polar plot showing an exemplary
embodiment of an amplitude-phase modulation scheme with
1’7 states, according to some embodiments.
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[0037] FIG. 13B 1s a modulation table showing an exem-
plary embodiment of an amplitude-phase modulation
scheme with 17 states, according to some embodiments.
[0038] FIG. 14A1s a chart showing an exemplary embodi-
ment of a input parameters and output modulation choices of
an Al model, according to some embodiments.

[0039] FIG. 14B 1s a flowchart showing an exemplary
embodiment of a method for selecting a modulation type
using Al, according to some embodiments.

[0040] FIG. 15A 1s a schematic showing an exemplary
embodiment of a system information message including
multiple angular transmissions, according to some embodi-
ments.

[0041] FIG. 15B 1s a flowchart showing an exemplary
embodiment of a procedure for aligning beams prior to
initial access, according to some embodiments.

[0042] FIG. 15C 1s a schematic showing another exem-
plary embodiment of a system information message includ-
ing multiple angular transmissions, according to some
embodiments.

[0043] FIG. 16A 1s a schematic showing an exemplary
embodiment of messages for initial access, according to
some embodiments.

[0044] FIG. 16B 1s a schematic showing an exemplary
embodiment of messages for a user-initiated beam and
power adjustment procedure, according to some embodi-
ments.

[0045] FIG. 17A 1s a schematic showing an exemplary
embodiment of messages for 1nitial access with user beam
alignment, according to some embodiments.

[0046] FIG. 17B 1s a schematic showing an exemplary
embodiment of messages for a base-mitiated beam and
power adjustment procedure, according to some embodi-
ments.

[0047] FIG. 18A 1s a schematic showing an exemplary
embodiment of three directional regions, according to some
embodiments.

[0048] FIG. 18B i1s a schematic showing an exemplary
embodiment of three wide directional beams, according to
some embodiments.

[0049] FIG. 18C i1s a schematic showing an exemplary
embodiment of six regions defined by three overlapping
beams, according to some embodiments.

[0050] FIG. 18D 1s a schematic showing an exemplary
embodiment of three overlapping beams that define six
regions, according to some embodiments.

[0051] FIG. 19A 1s a schematic showing an exemplary
embodiment of eight regions defined by four overlapping
beams, according to some embodiments.

[0052] FIG. 19B is a schematic showing an exemplary
embodiment of four overlapping beams that define eight
regions, according to some embodiments.

[0053] FIG. 19C 1s a schematic showing an exemplary
embodiment of angular regions defined by overlapping
beams, according to some embodiments.

[0054] FIG. 19D 1s a schematic showing an exemplary
embodiment of four overlapping beams, according to some
embodiments.

[0055] FIG. 20A 1s a schematic showing an exemplary
embodiment of a message with multiple signals transmitted
in different directions, according to some embodiments.
[0056] FIG. 20B 1s a constellation chart showing an exem-
plary embodiment of a feedback procedure to select seven or
eight angular directions, according to some embodiments.
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[0057] Like reference numerals refer to like elements
throughout.

DETAILED DESCRIPTION
[0058] Systems and methods disclosed herein (the *“sys-

tems” and “methods”, also occasionally termed “embodi-
ments” or “arrangements” or ‘“‘versions” or “examples”,
generally according to present principles) can provide
urgently needed wireless communication protocols for a
user device to provide feedback messages to its base station
based on the received power or signal quality. In versions
disclosed herein, the feedback message may be very briet,
may 1include multiple feedback requests multiplexed in a
terse bit-level code, may be combined with an acknowl-
edgement responsive to a downlink message, and may
include a scheduling request with optionally a bufler status
report appended. The downlink message may include one or
more test signals, each test signal transmitted with different
transmission properties such as beam angle. The user device
may then transmit the feedback message, indicating the best
received test signal. In addition, the user device may evalu-
ate the signal quality of the best received test signal, and may
include, in the feedback message, a request for an increase
or decrease 1n transmission power according to the received
signal quality.

[0059] In response to the feedback request, the base sta-
tion may adjust the transmission parameter incrementally,
that 1s, by a predetermined small increment amount, 1n the
direction requested. For example, the base station can
change the transmitted power or the transmission beam
angle by a predetermined positive or negative increment, 1n
the direction requested by the user device. Such incremental
adjustments may be more ethcient and more timely than
prior-art messages that attempt to specity a particular power
level or beam angle. At its discretion, the base station may
change the modulation scheme instead of the power level,
such as switching to a modulation scheme with fewer
modulation levels or with larger separation between modu-
lation levels. The base station can create and then update a
custom set of transmission parameters for each user device,
thereby accommodating the user device’s reception require-
ments 1n realtime.

[0060] In addition, user devices m an ad-hoc or sidelink
network may provide signal quality feedback to each other
using similar test signals and responsive feedback messages.
For example, the user devices can provide test signals on
initial contact and upon each sidelink message thereafiter,
and can provide responsive feedback messages concatenated
with an acknowledgement or reply message. For example,
sensors and actuators commumnicating with a manager node
or with each other in an IoT setting, or mobile user devices
in a dense urban environment, can maintain reliable D2D
(device-to-device) communications by frequently making
incremental adjustments i1n the transmission parameters
(such as frequency, angle, and power) according to each
recipient’s feedback requests. More specifically, user-A can
send a message to user-B including test signals, each test
signal transmitted differently. User-B can reply with a feed-
back message indicating which test signal was best recerved.
User-B can also include a second set of test signals, so
user-A can select the best one and send another feedback
message to user-B, completing the mutual alignment proce-
dure.
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[0061] The feedback message may be modulated 1n a
compact modulation scheme that does not require amplitude
calibration for reliable demodulation. For example, the
teedback message may be configured 1n 9QAM (quadrature
amplitude modulation with nine allowed states) of which
one state may be a zero-power state. Alternatively, when the
zero-power state would be problematic, the users can use
S8QAM which excludes the zero-power state. 8/9QAM can
provide a tidy modulation scheme for specifying incremen-
tal feedback choices. The data message and the feedback
message may be configured as time-spanning (occupying
multiple symbol-times at a single subcarrier) or frequency-
spanming (occupying multiple subcarriers at a single sym-
bol-time). Examples show how user devices and base sta-
tions can obtain enhanced angular precision using very few
test signals. Further examples show multiplexed modulation
schemes suitable for the feedback messages. For example,
test signals may be transmitted i1n partially overlapping
directional beams, thereby enhancing the angular resolution
achievable.

[0062] Feedback opportunities may be provided with each
downlink message by providing test signals 1n or with the
downlink message. In addition, the initial access protocol
may include multiple opportunities for the user device to
provide signal quality feedback, thereby assisting the base
station 1n aligning the downlink transmission beam toward
the user device. In addition, either the user device or the base
station may request an alignment and power adjustment by
transmitting a “ping”’ message to the other entity. Downlink
test signals concatenated with downlink messages, and
teedback indicators concatenated with uplink messages,
may thereby enable highly localized and timely feedback,
resulting 1n reliable communication despite fluctuating
backgrounds.

[0063] While most of the examples are described {for
adjusting the downlink beam, with the base station trans-
mitting the beam test signals and the user device providing
the feedback message, the reverse 1s often possible. For
example, a user device with beamforming capability can
provide the test signals, and the base station can provide the
teedback message, thereby assisting the user device to
optimize 1ts uplink beam. As a further option, a base station,
or other network asset, may communicate wirelessly to other
network assets (as 1n IAB—integrated access and backhaul)
or with other cells (as 1n multi-hop transfers and setup), and
thus may use the lean multiplexed feedback procedures
disclosed herein for improved communication among them-
selves. Core networks, 1n wireless communication with each
other, can include test signals with backhaul messages, and
teedback with reply or acknowledgement messages, so that
they maintain suflicient communication reliability as condi-
tions change.

[0064] The base station may determine whether or not the
test signals and feedback responses should be used, depend-
ing on the capabilities and QoS requirements of each user
device. Conventions and parameters related to feedback may
be specified 1 system information messages, or initial
access messages, or i subsequent uplink or downlink mes-
sages such as control messages. For example, mobile user
devices that anticipate frequent changes 1n beam conditions,
may request that test signals be provided with each downlink
message, thereby providing frequent beam tracking while in
motion. In other situations, where conditions remain
unchanging for extended periods, the user device or the base
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station may determine that the frequent feedback messages
are not necessary. The two entities can then agree to dispense
with test signals and feedback responses until there 1s a
decline 1n signal quality. In another embodiment, the net-
work may decide to add test signals only to messages larger
than a predetermined size, and not to smaller messages
(except for “ping” messages, described later). Alternatively,
the test signals may be added to messages modulated
according to modulation schemes carrying 4 bits per mes-
sage element or higher, and not to messages with smaller
modulation schemes such as QPSK. In each case, the user
device may determine, from control messages, whether to
expect test signals on each downlink message.

[0065] Artificial intelligence and machine learning may be
profitably applied in several aspects of the feedback process.
For example, an artificial intelligence model, or an algorithm
derived from it, may be developed to evaluate the signal
quality of each received test signal based on the SNR, the
received power or amplitude, the measured interference, and
other parameters. Further AI models can manage the incre-
mental adjustment of transmission parameters, such as
determining when and by how much to adjust the beam
angle or power 1n response to a user device’s feedback.
Further Al models may provide assistance in determining
when to change the modulation scheme and to which other
modulation scheme. These are complex multi-parameter
problems of the kind that even expert humans generally do
poorly, but which a well-trained Al model may provide
improved decision-making in a fraction of the time, at
negligible cost after installation.

[0066] Signal quality feedback, as disclosed herein, may
be beneficial 1n each wireless communication instance
where reliability 1s important. Transmission beam adaptation
using feedback from the recipient may be especially impor-
tant when external conditions change, such as atmospheric
conditions or encroaching interference. Providing incremen-
tal feedback on signal quality upon each downlink message
may provide enhanced reliability and timely responses to
changing conditions, without burdensome signaling and
complex encoding. When multiplexed with other requests,
such as retransmissions or grant requests, the cost of feed-
back may be as low as a few resource elements, with each
resource clement configured to perform multiple tasks, as
detailed below.

[0067] The examples presented herein are suitable for
adoption by a wireless standards organization. Establishing
standards for user devices to configure resource-eflicient
signal-quality feedback messages to the base station, may
thereby optimize communication reliability while saving
time, resources, and power.

Glossary of Terms

[0068] Terms herein generally follow 3GPP (third genera-

tion partnership project) standards, but with clarification
where needed to resolve ambiguities. As used herein, “5G”
represents fiith-generation, and “6G” sixth-generation, wire-
less technology 1n which a network (or cell or LAN Local
Area Network or RAN Radio Access Network or the like)
may include a base station (or gNB or generation-node-B or
eNB or evolution-node-B or AP Access Point) in signal
communication with a plurality of user devices (or UE or
User Equipment or user nodes or terminals or wireless
transmit-recerve units) and operationally connected to a core
network (CN) which handles non-radio tasks, such as
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administration, and 1s usually connected to a larger network
such as the Internet. The time-frequency space 1s generally
configured as a “resource grid” including a number of
“resource elements”, each resource element being a speciific
unit of time termed a “symbol period” or “symbol-time”,
and a specific frequency and bandwidth termed a “subcar-
rier”’. Symbol periods may be termed “OFDM symbols™
(Orthogonal Frequency-Division Multiplexing) in which the
individual signals of multiple subcarriers are added in super-
position. The time domain may be divided into ten-muilli-
second frames, one-millisecond subframes, and some num-
ber of slots, each slot including 14 symbol periods. The
number of slots per subirame ranges from 1 to 8 depending
on the “numerology” selected. The frequency axis 1s divided
into “resource blocks™ including 12 subcarriers, each sub-
carrier at a slightly different frequency. The “numerology”™
ol a resource grid corresponds to the subcarrier spacing 1n
the frequency domain. Subcarrier spacings of 15, 30, 60,
120, and 240 kHz are defined 1n various numerologies. Each
subcarrier can be mdependently modulated to convey mes-
sage 1nformation. Thus a resource element, spanning a
single symbol period in time and a single subcarrier 1n
frequency, 1s the smallest unit of a message. “Quadrature” or
“QAM” modulation (sometimes “PAM”) refers to two sig-
nals, separately amplitude-modulated, and then multiplexed
and transmitted with a fixed 90-degree phase shift between
them. The two signals may be called the “I”” and “QQ” branch
signals (for In-phase and Quadrature-phase) or “real and

imaginary”’ among others. Standard modulation schemes 1n
3G and 6G include BPSK (binary phase-shift keying),

QPSK (quad phase-shift keying), 16QAM (quadrature
amplitude modulation with 16 modulation states), 64QQAM,
256QQAM and higher orders. “SNR” (signal-to-noise ratio)
and “SINR” (signal-to-interference-and-noise ratio) are used
interchangeably unless specifically indicated. “RRC” (radio
resource control) 1s a control-type message from a base
station to a user device. “Digitization” refers to repeatedly
measuring a wavelorm using, for example, a fast ADC
(analog-to-digital converter) or the like. An “RF mixer” 1s a
device for multiplying an incoming signal with a local
oscillator signal, thereby selecting one component of the
incoming signal. Communications generally proceed 1n
scheduled “‘channels” such as the PUSCH and PUCCH
(physical uplink shared and control channels) or the PDSCH
and PDCCH (physical downlink shared and control chan-
nels) i addition to the PRACH (physical random access
channel) and PBCH (physical broadcast channel). System
information messages include the SSB (synchronization
signal block) and SIB1 (system information block number 1)
among others. A BSR (bufler status report) indicates a size
of a planned uplink message. “SR” stands for scheduling
request. “CSI” (channel-state information) 1s a message
indicating the signal quality obtained 1n a particular down-
link channel with a particular beam configuration. “CSI-RS”
1s a test signal usually transmitted by the base station.
“RSRP” (reference signal received power”) 1s a measure of
the signal quality observed by a recipient. “CSI-RSRP”
(channel state 1nformation—reference signal received
power) 1s a measure or a message indicating the signal
quality observed by a user device recerving certain downlink
test signals. “SRS” (sounding reference signal) 1s a measure
or a message indicating the signal quality received by a base
station from a user device. “IAB” or integrated access and
backhaul refers to communication between core networks.




US 2024/0154679 Al

“D2D” 1s device-to-device communication. “Al” 1s artificial
intelligence. “ML” 1s machine learming. Other terms may be
defined when used.

[0069] In addition to the 3GPP terms, the following terms
are defined. Although in references a modulated resource
clement of a message may be referred to as a “symbol”, this
may be confused with the same term for a time interval
(“symbol-time”), or a composite wavelorm or “OFDM
symbol” (orthogonal 1frequency-division multiplexing),
among other things. Therefore, each modulated resource
clement of a message 1s referred to as a “modulated message
resource element”, or more simply as a “message element”,
in examples below. A “demodulation reference” 1s one or
more modulated “reference resource elements” or “refer-
ence clements” modulated according to the modulation
scheme of the message and configured to exhibit levels of
the modulation scheme (as opposed to conveying data),
corresponding roughly to DMRS (demodulation reference
signals) or “pilot” signals of prior art. A “calibration set” 1s
one or more predetermined amplitude levels and/or phase
levels of a modulation scheme, typically determined by a
receiver from a demodulation reference. A “short-form”
demodulation reference 1s a demodulation reference that
exhibits only selected amplitude levels, such as the maxi-
mum and/or minimum amplitude levels, of the modulation
scheme, from which the receiver can determine intermediate
levels by calculation. A message may be transmitted “time-
spanming” by occupying successive symbol-times on a
single subcarrier, or “frequency-spanning”’ by occupying a
single symbol-time on multiple subcarriers (not to be con-
fused with time-division duplexing TDD and frequency-
division duplexing FDD which pertain to duplexing of
message pairs, and have nothing to do with the shape of each
message 1n time-frequency space). “RE” or radio-frequency
refers to electromagnetic waves in the MHz (megahertz) or
GHz (gigahertz) frequency ranges. The “raw” signal 1s the
as-received wavelorm before separation of the quadrature
branch signals, and includes a raw-signal amplitude and a
raw-signal phase. “Phase noise” 1s random noise or time
ntter that alters the overall phase of a recerved signal,
usually without significantly aflecting the overall amplitude.
“Phase-noise tolerance™ or “phase-noise margin” 1s a mea-
sure¢ of how much phase alteration can be imposed on a
message element without causing a demodulation fault.
“Amplitude noise” includes any noise or interference that
primarily affects amplitudes of recerved signals. Interference
due to competing signals 1s treated as noise herein, unless
otherwise specified. A “faulted” message has at least one
incorrectly demodulated message element. A “phase fault” 1s
a message element demodulated as a state differing 1n phase
from the imtended modulation state, whereas an “amplitude
fault” 1s a message element demodulated as a state differing
in amplitude from the intended modulation state. The incom-
ing signal to the recerver may be termed the “raw” wavelorm
or signal, which includes a “raw amplitude” and a “raw
phase”. The receiver can then process the raw signal by
separating 1t into two orthogonal branches, as mentioned.
The receiver can also combine the branch amplitudes to
determine a “sum-signal”, which 1s the vector sum of the I
and Q branch signals and generally approximates the raw
waveform. A vector sum 1s a sum of two vectors, which 1n
this case represent the amplitudes and phases of the two
orthogonal branches i I-Q space. The sum-signal has a
“sum-signal amplitude”, equal to the square root of the sum
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of the I and Q branch amplitudes squared (the *“root-sum-
square” ol I and Q)), and a “sum-signal phase”, equal to the
arctangent of the ratio of the I and Q signal amplitudes (plus
an optional base phase, 1ignored herein). Thus the sum-signal
represents the raw received wavelorm of a particular sub-
carrier, aside from signal processing errors in the receiver—
which are generally negligible and are 1gnored herein. As an
alternative to QAM, a message may be modulated 1n mul-
tiplexed amplitude-phase modulation, which generally pro-
vides better noise margins than QAM. “Classical” ampli-
tude-phase modulation (sometimes “polar” modulation,
“star-QAM”, “APSK” amplitude-phase-shift keying,
“PQAM” polar QAM, among many others) refers to mes-
sage elements modulated 1 both amplitude and phase,
wherein both the amplitude and phase carry message data.
These jargon terms are avoided herein because they can
change over time, and are ambiguous. As used herein,
“amplitude-phase modulation” includes all modulation
schemes 1n which the amplitude of a transmitted signal 1s
modulated to carry message data according to a set of
predetermined amplitude levels, and the phase 1s modulated
to carry message data according to a set of predetermined,
equally-spaced, phase levels. Hence PSK schemes are
excluded since they fail to encode message data in the
amplitude, and QAM schemes are excluded since they fail
to encode message data in the phase. An “isotropic” or
“non-directional” or “omnidirectional” beam has substan-
tially uniform intensity around a horizontal 360 degrees.

[0070] As used herein, a “test signal” 1s a transmission
with a predetermined beam configuration. The receiver can
measure the signal quality received during each test signal.
Test signals may be configured as demodulation references
or phase-tracking reference signals. Test signals may be
concatenated with other messages such as acknowledge-
ments, grant requests, uplink data messages, and so forth. A
“feedback message” 1s a short message transmitted 1n
response to a test signal. The feedback may be configured to
select one particular test signal that provides the best recep-
tion, from a plurality of test signals. Test signals are roughly
analogous to the CSI-RS of prior art, but with greater
versatility and much lower resource consumption. Likewise
teedback messages correspond to CSI but with many advan-
tages detailed below. The signal quality may include the
received amplitude or RSRP or SNR, as well as other
relevant parameters such as current noise and interference.
Uplink test signals correspond to SRS. In each case, the
disclosed versions include enhanced features and options,
with benefits vastly beyond the prior art, as described 1n the
examples.

[0071] Turning now to the figures, the following examples
show how test signals can be provided with a downlink
message, and a feedback message can be provided with an
acknowledgement.

[0072] Realtime Feedback

[0073] FIG. 1A 1s a schematic showing an exemplary
embodiment of a downlink message with beam test signals,
according to some embodiments. As depicted in this non-
limiting example, a unicast downlink transmission 100 to a
user device includes a message 102 and three test signals
103, 104, 105. The message 102 may be an incoming data
message from another cell, or a control message from the
base station, or other message. The message 102 may be a
request for the user device to measure the three test signals
and reply which one provides the best signal quality. The
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message may include an identification code of the user
device, or 1t may be transmitted 1n resources that were
previously granted to the user device for beam signal quality
measurements. Alternatively, the message 102 may be
absent, and the transmission 100 may consist of just the test
signals 103-105, preferably at a pre-arranged time and
frequency so the user device knows that they are arriving.
The transmission 100 may be time-spannming or frequency-
spanning. Each of the three test signals may occupy a single
resource clement each, thereby adding three resource ele-
ments to the length of the message 102. The test signals may
be positioned belore the message, or some before and some
alter the message, or all after the message as shown, or other
distribution, so long as the user device knows where to find
the test signals. As mentioned, 1t would be helptul for the
format and usage to be specified 1n wireless standards.

[0074] The three test signals may be transmitted with
different transmission parameters, such as diflerent beam
directions. The user device can measure the received signal
quality of each test signal and then indicate which test signal
was received best, thereby enabling the base station to direct
its beams toward the user device. Alternatively, the test
signals may be transmitted with different beam widths, or
different transmission power, or polarization, or encoding, or
modulation, or polarization, or frequency, or other feature
that may be varied in a wireless transmission. In each case,
the user device may select which of the test signals was best
received, and may indicate the favored test signal i a
feedback message to the base station. The user device
thereby eflectively requests an increase or decrease in the
transmission parameter by choosing the test signal that 1s
best recerved. The base station then knows, according to the
teedback message, which way the selected test signal was
transmitted, and thus can apply an increase or decrease 1n the
transmission parameter.

[0075] Insome embodiments, the user device can indicate,
in the feedback message, that two of the test signals were
received with about the same high signal quality. By speci-
tying the two best test signals, the user device can enable the
base station to further refine the parameter being varied, for
example by adjusting the transmission parameter to an
average of the two best-received test signals.

[0076] The example 1s non-limiting, as mentioned. Other
embodiments may include a different number of test signals,
such as two or four or other number, according to the
parameter variations being explored.

[0077] FIG. 1B 1s a schematic showing an exemplary
embodiment of a downlink message with beam test signals
configured as demodulation references, according to some
embodiments. As depicted 1n this non-limiting example, a
transmission 110 1s depicted including a message 112 with
test signals 113, 114, 115 and blank spaces 116, 117. The
horizontal dimension represents time or frequency, depend-
ing on whether the message 112 1s transmitted time-span-
ning (in a single subcarrier) or frequency-spanmng (in a
single symbol-time). The blank spaces 116, 117 have no
transmission, and thus demark the beginning and ending of
the transmission 110. Each test signal 113, 114, 1135 occupies
a single reference element in this example, and imncludes two
branches, such as the I and Q branches of a QAM modula-
tion scheme, or the amplitude and phase of an amplitude-
phase modulation scheme, as suggested by the diagonal
strike-through. Thus the blank spaces 116, 117 are shown

with zero amplitude 1 both branches 111.
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[0078] In this example, the first test signal 113 1s a
short-form single-point demodulation reference occupying a
single resource element, 1n which the I-branch 118 1s modu-
lated according to the maximum predetermined amplitude
level of +3 arbitrary units, and a Q-branch 119 modulated
according to the minimum branch amplitude of the modu-
lation scheme of -3. The receiver can then calculate all of
the other predetermined amplitude levels of the modulation
scheme by interpolation. In the example, the message 112 1s
modulated 1n the same modulation scheme, and transmitted
in the same way, as the first test signal 113. Hence the first
test signal 113 provides a fresh calibration of the predeter-
mined amplitude levels at the start of the message 112. In
addition, the last two test signals, 114, 115 can serve as
phase-tracking reference signals. In addition, each demodu-
lation reference 113, 114, 1135 also provides a measure of the
current phase noise according to a ratio (Q/I of the received
branch amplitudes, since phase noise typically rotates power
from one branch into the other branch. In addition, the blank
spaces 116, 117 provide an indication of the interference
level (both amplitude and phase of the interference) at the
two ends of the message 112. In addition, the demodulation
references (along with the blank spaces 116, 117) also
provide a further indication of the starting and ending points
of the message 112, which may assist the user device 1n
finding the message start and end.

[0079] In this example, the final two test signals 114, 115
are modulated 1n the same way as the first test signal 113, but
transmitted 1n different beam directions. For example, the
first test signal 113 and the message 112 may be transmitted
in a particular direction 0, and the second and third test
signals 114, 115 may be transmitted 1n incrementally dif-
terent directions 0+d0 and 0-dO, where dO 1s the angular
increment. The receiver can then indicate, 1n a feedback
message, which beam direction provides the best signal
quality, such as the highest amplitude or SNR or received
power, for example. As a further option, the final two test
signals 114, 115 may be modulated differently from the first
test signal. For example, the leading test signal 113 may
have +3 amplitude units in the I branch and -3 1n the Q
branch, whereas the trailing test signals 114, 115 may have
-3 amplitude units in the I-branch and +3 units in the
(Q-branch. The difference 1n modulation may thereby 1ndi-
cate the start and end of the data message 112 unambigu-
ously, while still providing the same phase noise measure-
ment at the start and end of the message 112.

[0080] In a first embodiment, the message 112 may be a
downlink message including the test signals, from which the
user device can provide feedback to the base station. The
downlink message may be an incoming data message from
clsewhere. Alternatively, the downlink message may be a
control message such as a grant or an RRC message or one
of the 1nitial access messages such as the Msg2 or Msg4 of
a 4-step 1nitial access procedure, or MsgB of a 2-step 1nitial
access procedure, or other downlink transmission. In each
case, the test signals 113, 114, 115 may enable the user
device to indicate, 1n a subsequent uplink feedback trans-
mission, which of the test signals provided the best recep-
tion, thereby enabling the base station to aim 1ts transmission
beams more directly toward the user device.

[0081] In a second embodiment, the message 112 may be
an uplink message. The uplink message may be a data
message from the user device, transmitted responsive to a
previous grant. Alternatively, the message 112 could be a
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scheduling request at a predetermined time, or a BSR
message responsive to a BSR grant, or an acknowledgement,
or one of the mitial access messages such as the random
access preamble, or the Msg3 of a 4-step initial access
procedure, or MsgA of a 2-step 1nitial access procedure, or
other uplink transmission. In each case, the test signals 113,
114, 115 may enable the base station to indicate, in a
subsequent downlink feedback transmission, which of the
uplink beam directions provides the best reception, thereby
enabling the user device to aim its transmission beams more
directly toward the base station.

[0082] In a third embodiment, either entity (the user
device or the base station) may 1nitiate a beam re-alignment
procedure by transmitting a beam adjustment request to the
other entity. The beam adjustment request may be transmit-
ted on a contention-based channel such as the random access
channel or other channel allocated for grant-free messages,
or another channel allocated for user devices to request
beam services. The first entity’s message may include a
series of beam test signals such as the (0, 0+d0, 0-d0)
sequence as discussed. The second entity can then reply by
transmitting a feedback message indicating the favored test
signal, thereby indicating the best beam direction. The
teedback message may be transmitted on the same channel
as the ping request. The feedback may also be multiplexed
with a power adjustment request. In addition, the two
entities can engage i mutual feedback, wherein the feed-
back message includes test signals transmitted back to the
first entity, which can then send a second feedback message
to the second enftity indicating best beam angle from its
perspective, and optionally a second power adjustment for
the second entity. In this way the user device and the base
station can both adjust their beam directions and power
levels rapidly, based on feedback from the other entity, using
only minimal resources and negligible additional power
consumption.

[0083] In a fourth embodiment, two user devices 1 an
ad-hoc network may communicate in sidelink, and may
adjust their beams and power levels using test signals and
responsive feedback messages 1n a similar way, without
participation of a base station.

[0084] In a fifth embodiment, two base stations or core
networks may communicate wirelessly, and may maintain
good beam contact by exchanging test signals and respon-
sive feedback messages, as disclosed.

[0085] By providing test signals with each downlink mes-
sage, the base station and the user device can cooperate to
keep the downlink and uplink beams aligned even as con-
ditions (or positions) change, at low or negligible cost.

[0086] FIG. 1C 1s a schematic showing an exemplary
embodiment of a feedback message, according to some
embodiments. As depicted 1n this non-limiting example, a
user device transmits a feedback message that indicates
which test signal has the highest received signal quality.
Hence the feedback message, indicating preference for a test
signal with higher transmission parameter 1s equivalent to a
request, by the user device, to increase the transmission
parameter, and likewise for lower. The feedback message
may further indicate whether the received signal quality of
the best-received test signal 1s between a lower and an upper
threshold, or below both thresholds, or above both thresh-
olds, and can thereby request to increase, decrease, or leave
the transmission power unchanged.
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[0087] In the depicted case, the feedback message 120
includes two resource elements 121, 122 encoding feedback
information. In the first resource element 121 “RE-1", a first
modulation component, such as an I-branch amplitude, can
indicate both an acknowledgement and a retransmission
request 1n various ways. In this example, the feedback
message 120 1s modulated according to 9QAM, which 1s a
modulation scheme that includes 9 states symmetrically
distributed around zero amplitude, with each branch modu-
lated as +3, 0, =3 arbitrary amplitude units. Alternatively, the
feedback message may be modulated 1n a 9-state amplitude-
phase modulation scheme with three phase levels multi-
plexed with three amplitude levels. Both schemes include a
zero-power state. Both schemes are well-suited for provid-
ing incremental feedback regarding two different param-
cters, such as the beam direction and the transmitted power,
since the amplitude levels are well separated and readily
recognized in a recerver. In addition, the 9 states can encode
two feedback parameters, including the +/0/- “one-oi-three”™
incremental selections as discussed, for both feedback
parameters simultaneously, multiplexed into a single
resource element.

[0088] In the depicted case, the I-branch 124 of the first
resource element 121 can indicate a successiul reception
(ACK) with an amplitude of +3 arbitrary amplitude units,
and an unsuccessiul (“faulted”) reception (NACK) as O units
(zero amplitude 1n this branch). The third state at =3 ampli-
tude may indicate an unsuccessiul reception so that the
transmitter knows there are problems, but nevertheless
declining a retransmission. (The receiver may decline a
retransmission for various reasons, such as having exhausted
a number of allowed retransmissions, or being 1 a time-
sensitive application where the retransmission would be too
late, or other application in which a retransmission of a
faulted message would not be usetul.)

[0089] In the Q-branch 125 of the first resource element
121 of the feedback message 120, the recerver can indicate
whether an uplink grant 1s requested (“SR”). In one embodi-
ment, the +3 branch amplitude mdicates “SR 1s requested,
please send a BSR grant”, while the -3 branch amplitude
indicates “SR 1s requested and the BSR 1s appended”, and
the O branch amplitude represents “SR 1s not requested at
this time”. Thus +3 amplitude indicates that a BSR grant 1s
desired, -3 amplitude indicates that a BSR (bufler status
report) 1s appended to the feedback message and a message
grant 1s desired, and zero amplitude indicates that no grant
1s desired, in this example.

[0090] The second resource element 122 may include a
power feedback indicator 126 1n the I-branch and a beam-
angle selector 127 1n the Q-branch, for example. The power
teedback indicator 126 may be +3 to request an 1ncremen-
tally higher transmission power, 0 to keep the power
unchanged, and -3 to reduce the power by a predetermined
increment. For example, the receiver can evaluate the ampli-
tude (or SNR or SINR or RSRP or other measure of the
received signal quality or reception reliability) of the
received test signals. The receiver can then compare that
signal quality to a lower threshold and an upper threshold.
If the signal quality 1s below the lower threshold, the
receiver can request an incrementally higher transmission
power, to meet reception requirements. If the signal quality
1s above the upper threshold, the receiver can request an
incrementally lower transmaission power, to save energy and
avold background generation. If the signal quality 1s
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between the lower and upper thresholds, the receiver can
indicate “keep same” using the zero-amplitude feedback
value. The upper and lower thresholds, and the increment
size, and other parameters, may be determined by the
network and may be indicated 1n system information files
upon 1nitial access, and may be revised when necessary
using a broadcast message or an RRC. Alternatively, the user
device can set 1ts own upper and lower signal quality
thresholds based on the requested QoS, according to net-
work guidelines. As a further option, the user device can set
the upper and lower thresholds based on the current fault rate
or the like, as experienced by the user device.

[0091] The other branch of the second resource element
122 may provide beam alignment feedback. For example,
the branch amplitude may indicate which test signal, of three
received test signals, provides the best reception. The feed-
back may then allow the base station to adjust 1ts downlink
beam 127 direction toward the user device. Alternatively, the
base station may vary another transmission parameter such
as the angular width of the beam or some other parameter.
For example, the first test signal and the data message may
be transmitted 1n a previously selected direction 0, and the
final two test signals 104, 105 may be transmitted i two
incrementally diflerent directions +d0. For example, the
three directions may be termed 0-d0, 0, and 0+d0 1n which
dO 1s a predetermined angular increment. The receiver can
then measure the received signals quality of each test signal,
and may indicate, 1n the beam feedback 127, which one was
received best. For example, the beam feedback amplitude
may be +3 units 1f the 0+d0 direction 1s best, zero amplitude
if the original message beam direction 0 1s best, and -3 if the
0-d0O direction 1s best. In this way, the transmitter can update
the beam direction after each downlink message, thereby
adjusting the beam direction as needed, and can thereby
mitigate changing propagation conditions (or motion of the
receiver, or diflraction, or changing obstructions, rain, etc.)
in realtime upon each message.

[0092] The network can determine the size of the incre-
ment based on the user’s previous feedback choices. For
example, the base station may 1nitially use a large increment,
such as the full angular width of the transmitted beam, to
rapidly converge on the general direction toward the user
device. The base station may then switch to a much smaller
increment (such as 10 of the beam width) for optimizing or
fine-tuning the direction. In another embodiment, the trans-

mitter can switch among a binary sequence of increments
such as 2, 1, V5, V4, 15 of the beam width.

[0093] The base station can change the increment size
depending on the user device’s previous choices. For
example, 1f the user device requests an increase 1n the beam
angle twice 1n succession, the base station can increase the
s1ize of the increment, for faster convergence on the best
direction. Likewise if the user requests a decrease 1n angle
repeatedly, the increment size can be increased 1n the same
way. Increasing the size of the increment upon repeated
like-s1gn requests may be termed “escalation”. In addition,
the base station can reduce the increment size when the user
device requests either no change, or a change 1n the opposite
direction, (size reduction termed “de-escalation”). By vary-
ing the increment size 1n this way, the base station can
converge rapidly on the optimal beam direction toward the
user device.

[0094] The transmitted power can be incrementally
adjusted 1n a similar way, based on the user device’s
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teedback. The base station may use various increment sizes
for power adjustment, based on the user device’s previous
teedback requests. For example, the user device may require
that the recerved signal quality be within a lower and an
upper signal quality thresholds, and may request higher or
lower transmission power repeatedly until the signal quality
1s within those thresholds.

[0095] An advantage of such incremental feedback may be
that the user device generally does not know, and does not
need to know, the various increment sizes, nor the actual
beam power levels, nor the particular beam angles involved,
nor even which transmission parameter 1s varied among the
test signals. The responsibility of the user device 1s to select
which test signal 1s best received, and to indicate that
selection 1n the feedback message 120. In addition, the user
device may provide feedback regarding the signal quality 1n
that best-recerved test signal, so that the base station can
adjust its transmission power, as discussed above. Another
advantage may be that the user device can provide incre-
mental feedback on two parameters, such as beam angle and
beam power, 1n a single feedback resource element. Another
advantage may be that the depicted modulation scheme does
not require amplitude calibration for unambiguous recep-
tion, so long as the receiver i1s synchronized with the base
station, according to some embodiments.

[0096] In addition, 1f the user device has a beamiorming
capability, the base station can assist the user device 1n
aligning the user device’s uplink beam. For example, the
base station may inform the user device of the optimal
downlink beam direction when 1t has been determined, so
that the user device can then aim 1ts reception beam 1n the
180-degree opposite direction. Alternatively, or in addition,
the base station can transmit multiple 1dentical test signals
which the user device can receive while varying the recep-
tion beam direction. By either method, the user device can
determine which reception beam direction provides the best
reception, and can thereby cause its transmission and recep-
tion beams to aim toward the base station.

[0097] A particular case may occur, 1n which the reception
has failed (NACK), and no SR 1s requested, and no change
in power or beam angle 1s requested. In that case, the
teedback message would be zero, that 1s, both branches of
both resource elements would have zero amplitude. The
teedback message would 1include no transmission at all. The
base station may interpret the absence of an acknowledge-
ment as indicating that the user device did not receive the
message, or 1t may interpret the null feedback as a feedback
message including NACK and requesting no changes, as
described, or 1t may assume that the acknowledgement has
been somehow misdirected, or other mishap. In all such
cases, however, the response 1s the same; retransmit the
message. Hence in this case the 0,0 state 1s meaningiul
despite having no transmitted energy, and has the intended
ellect which 1s to prompt a retransmission. Notably, in this
case, the correct feedback (a retransmission request with no
changes) 1s conveyed to the base station, at zero cost 1n
transmitted power.

[0098] FIG. 1D 1s a schematic showing another exemplary
embodiment of a feedback message, according to some
embodiments. As depicted 1n this non-limiting example, a

teedback message 140 includes four resource elements 141,
142, 143, and 144. The first resource element 141 1s an
identification code that indicates, to the base station, which

previous data message 1s associated with the feedback
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message 140. Often the base station transmits several data
messages 1n the same downlink 1nterval, so the base station
embeds a code 1n each data message for 1dentification. The
user device then duplicates that code in the first resource
clement 141 of the feedback message 140, thereby indicat-
ing which data message 1s referred to in the feedback
message. In other cases, the base station may grant specific
resources for the feedback message 140, 1n which case the
identification code 141 may not be necessary.

[0099] The second resource element 142 1ncludes an
acknowledgement multiplexed with a scheduling request,
such as 121 of the previous figure, and the third resource
clement 143 includes a power adjustment and a beam
selector, such as 122 of the previous figure.

[0100] The fourth resource element 144 1s a BSR message.
The BSR 144 indicates the size of a planned subsequent
uplink message. The BSR may be included or appended to
the feedback message when the user device requests a
message grant. For example, the user device can request a
message grant, and can indicate that the BSR 1s present, in
the second resource element 142 of this example, or 122 of
the previous example. The base station then interprets the
BSR as indicating the size of the requested resources to
accommodate the planned message. 11, on the other hand, the
BSR message 1s not included, then the base station can
interpret the SR request as requesting a BSR grant, thereby
requesting resources for uploading the BSR only.

[0101] It may be noted that the modulation scheme
employed for the identification 141 and the BSR 144 1s quite
different from the modulation scheme used for the two
teedback elements 142-143, that 1s, 16QAM versus 9QAM
in the depicted case. The receiver 1s expected to know how
to demodulate each resource element.

[0102] In this example, the receiver has identified which
data message 1s associated with the feedback message, and
has acknowledged the data message as faulted or unfaulted,
and has requested a retransmission i needed, and has
requested an uplink grant if needed, and has requested a
power adjustment 11 needed, and has selected a beam angle
adjustment 1f needed, and has specified the size of the
requested uplink grant 1f needed, all at a cost of just four
resource elements.

[0103] FIG. 1E 1s a schematic showing an exemplary
embodiment of a resource grid with test signals, according
to some embodiments. As depicted i1n this non-limiting
example, a resource grid 160 including two slots 1n time and
two resource blocks 1n frequency, includes resource ele-
ments with a specific symbol-time and subcarrier frequency.
A frequency-spanning message 161 includes a leading test
signal 162 and two trailing test signals 163, all occupying a
number of subcarriers at a single symbol-time. Also shown
1s a time-spanning message 164 with leading 165 and
tralling 166 test signals. Dashed lines demark control
regions 167. The rest of the area 1s allocated for downlink or
unscheduled, thereby accommodating the two messages.
Due to the control zone 167, the time-spanning message 164
breaks and then continues after the control zone 167.

[0104] As mentioned, the examples are non-limiting. The
example messages may include other resource elements than
those depicted, and one or more of the depicted resource
clements may be altered or removed, and they may be 1n
another order, and the branches (or other components) of the
resource elements may be modulated or encoded 1n various
ways other than those depicted, and may represent diflerent
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requests or choices than those described, without departing
from the disclosed principles.

[0105] FIG. 2 1s a flowchart showing an exemplary
embodiment of a method for providing feedback to a base
station, according to some embodiments. As depicted 1n this
non-limiting example, actions of a base station are shown on
the left and of a user device on the right. At 201, the base
station transmits a data message surrounded by three test
signals (“s1g-1" etc.), represented here by a first, second, and
third demodulation reference, each at an incrementally dif-
ferent beam direction (at 0 and 0xd0) but with equivalent
modulation and the same transmission power. Optionally, at
202, the test signals can be short-form type demodulation
references that occupy a single resource element while
exhibiting suilicient modulation levels so that the receiver
can readily calculate the remaining modulation levels by
interpolation. Optionally, at 203, each of the test signals may
be configured with orthogonal 1 and (Q branches, each
transmitted with the maximum or minimum branch ampli-
tude level, so that the receiver can determine phase noise
according to the ratio of the branch amplitudes as-received.
Optionally, at 204, the data message, with the test signals
attached, may be preceded and/or followed by a blank
resource element with no transmission therein, so that the
receiver can evaluate noise and interference both fore and aft
of the transmission, and also to demark the boundaries of the
transmission.

[0106] At 203, the user device recerves the first test signal,
the data message, and the second and third test signals, plus
blank resource elements. At 207, the user device demodu-
lates each message element of the data message using the
first test signal as a demodulation reference for amplitude
calibration, and the second and third test signals as a phase
calibration.

[0107] At 208, the user device determines whether the
data message 1s faulted, for example by comparing the data
message (or a digest or hash thereof) to an error-detection
code such as a CRC or parity construct, associated with the
data message.

[0108] At 209, the user device compares the amplitude or
power or signal quality in the three test signals, and deter-
mines which one has the best reception, thereby indicating
which beam direction produced the best reception.

[0109] At 210 (1f not sooner), the user device determines
a SNR or other measure of signal quality of the best-received
test signal, and thereby determines whether additional trans-
mitter power 1s needed. For example, the user device can
compare the signal quality of the best test signal to two
thresholds—a higher threshold and a lower threshold. It the
signal quality 1s below the lower threshold, additional power
1s needed. IT 1t 1s above the higher threshold, excess power
1s being wasted. 1T 1t 1s between the two thresholds, no power
change 1s needed.

[0110] At 211, the user device transmits a feedback mes-
sage to the base station, including a multiplexed acknowl-
edgement, a retransmission request 1f needed, a scheduling
request 1f needed, a power adjustment request 1f needed, and
the beam selection based on the three test signals.

[0111] Optionally, at 212, the user device can add an
identification code to the feedback message. The 1dentifica-
tion code may be extracted from the data message. The
identification code may enable the base station to determine
which data message 1s referred to. However, if the base
station has already allocated specific resource elements for




US 2024/0154679 Al

the feedback message, the base station would already know
which data message 1s involved, and no 1dentification code
1s needed. Optionally, at 213, the user device can append a
BSR message for the requested uplink grant.

[0112] At 214, the base station receives the feedback
message and adjusts the transmitted power level of future
downlink messages. The base station also adjusts the beam
direction toward that user device. The base station can then
provide a retransmission of the data message 1f requested,
and a grant for a subsequent uplink transmission 1f
requested.

[0113] In some embodiments, the base station can vary the
increment size depending on the user device’s pattern of
requests. In addition, the base station can apply the
requested incremental change 1n the beam angle first, using,
the current increment size, and then increase or decrease the
increment size depending on the user device’s prior feed-
back messages. In other embodiments, the base station can
escalate the increment size first, and then apply the adjust-
ment to the beam angle or power using the updated incre-
ment size. The first way (rotate before escalating) 1s more
conservative and stable, but the second way (escalate {first,
then rotate) may converge faster. The base station can select
whether to apply the current or updated increment size when
adjusting the power or beam angle. There are many other
operational variations involving incremental feedback,
which the base station or core network can determine.

[0114] In some embodiments, the base station or core
network can record a history of past experience with incre-
mentation, including external conditions, incrementation
parameter choices, and user actions. The base station can use
the history data in determining how to perform the incre-
mental adjustments or set the incrementation parameters.
For example, the base station can use machine learning to
discern trends and patterns in how the incrementation
choices subsequently aflect network operations.

[0115] 'Thus the user device, 1n cooperation with the base
station, has arranged to recerve and demodulate the data
message, and has requested a retransmission 1f needed, and
has enabled the power and beam direction to be incremen-
tally adjusted, and has obtained an uplink grant, with the
mimmal expense of just two to four resource elements in the
teedback message, and a single extra resource element with
the data message for the third demodulation reference.

[0116] AI Model for Feedback

[0117] Many feedback procedures are well-suited {for
automatic management by an artificial mtelligence model.
Al excels at complex, multidimensional decision-making.
Often, an Al model can correct for subtle problems that even
an expert human cannot discern. An Al model may be tuned
using machine learming with large amounts of network data.
After tuning, the Al model may assist both network man-
agers and user devices, 1 generating and responding to
teedback messages. The examples below illustrate Al mod-
cls for determining the signal quality of test signals, for
incrementally adjusting transmission beam parameters, and
for selecting a modulation scheme to mimimize faults and
maximize throughput. Each specialized AI model 1s dis-
cussed 1n more detail below.

[0118] FIG. 3 1s a schematic showing an exemplary
embodiment of an Al structure based on a neural net,
according to some embodiments. As depicted 1n this non-
limiting example, inputs and outputs are arranged to form an
Al model configured and trained to assist a base station by
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predicting network performance under various conditions
such as setting a particular transmission power level. Other
embodiments may be trained to determine signal quality,
manage incrementation, or select an advantageous modula-
tion scheme.

[0119] A predictive Al structure 360 may be configured as
a neural net, or as another type of artificial intelligence or
machine learning structure that provides a choice or a
prediction, based on mput factors such as user requirements
and limitations, network parameters, and current fault rates,
among others.

[0120] The depicted Al structure 360 includes an input
layer 361 of input parameters represented as boxes, one or
more output 367 value(s) represented as a trangle, and two
layers of internal functions 363 and 365 represented as
circles. (The various items are sometimes called “nodes”,
not to be confused with the nodes of a wireless network.)
Weighted directional links 362 indicate the tlow of input
data from the iputs 361 to the first internal layer 363, and
additional weighted directional links 364 indicate the tlow of
processed data from the first internal layer 363 to the second
internal layer 365, and fturther weighted directional links 366
indicate the tlow of processed data from the second internal
layer 365 to the output 367.

[0121] When provided with specific input parameters, and
“trained” or adjusted to solve a particular problem based on
real operational data, the Al structure 360 becomes an “Al
model” that predicts network performance following a trans-
mission power level adjustment, 1n the depicted case. The
prediction 1s according to the mput parameters, and thereby
determines the eflects of setting the transmit power level of
messages 1n various ways.

[0122] The inputs 361 may include network operational
parameters 368 such as the current message failure rate, the
current throughput (1n messages per second or bits per
second, for example), the frequency of messages that do or
do not obtain their desired QoS or QoE, the average message
delay or latency, the number of active user devices 1n the
network, the geographical extent of the network, the pres-
ence ol mobile or fixed user devices, among other network
parameters. The mputs 361 may further include parameters
of the current message 369, such as the transmitter power
used 1n transmitting the current message, the distance
between the transmitter and receiver, the size of the mes-
sage, the QoS or QoE expected by the recipient for the
current message, whether the recipient is currently obscured
and by how much, whether a prearranged fee or other
financial arrangement 1s 1n place (with either the recipient or
the message originator), whether the message 1s one of a
series of messages or fragments, and other message param-
cters. The inputs 361 may further include external or envi-
ronmental factors 370 such as the current noise or interier-
ence level from external sources, whether the base station
has recently received complaints of interference from other
adjoining networks, the spatial density of active user devices
in the current cell and 1n the geographical area, among other
external factors. Further inputs may pertamn to various
modulation schemes 371 or measured data regarding signal
quality 372.

[0123] In addition, a final mput 374 i1s the measured
network performance, acquired after the message has been
transmitted and the requested changes applied. However,
this mput 374 1s not provided to the structure; 1t 1s used as
a traiming value. In some embodiments, the network perfor-
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mance 374 may be quantified as a single metric 375, such as
the throughput minus twice the message failure rate, or as a
plurality of calculated values, such as the throughput, the
retransmit rate, and the average delay per message, for
example. The predicted output 367 may be cast in the same
form. Then the measured network performance metric 375
can be compared with the predicted output 367 to evaluate
the accuracy of the Al model predictions.

[0124] The weighted directional links 362, 364, 366 may

include mathematical operations, such as multiplying the
output from each node of a previous layer by a predeter-
mined coellicient, and then passing the product to one or all
of the nodes of the next layer, among other possible com-
putation. In some embodiments, the links 362 and 364 may
perform no computation, and all functionality 1s contained in
the internal functions 363 and 365. Although links are shown
in the figure connecting each node to just a portion of the
next layer for clarity, in some embodiments every node of
cach layer 1s linked to every node of the next layer.

[0125] The imternal functions 363 and 365 may include
any mathematical or logical functions of the mputs. In
various embodiments, each internal function 363 or 365 may
include arithmetic or mathematical formulas, nonlinear
functions (such as exponential or arctangent compression
functions), Boolean logic (such as, “take mput A if input B
1s larger than C, and take input D otherwise”), among many
other functional options. Each internal function 363 and 365
may 1nclude one or more variables or adjustable parameters.
In some embodiments, the internal functions 363 and 365
perform the same operations on all of their inputs, whereas
in other embodiments the internal functions process each
data flow from each connected link differently. In some
embodiments, the directional links are simply passive con-
duits, and all the weighting factors and calculations are
included 1n the internal functions. In some embodiments, the
structure 360 may include feedback or bidirectional links or
other complex topology not depicted here.

[0126] The output 367 1s, 1n this case, a prediction of the
subsequent network performance after adjusting the trans-
mission power level. The network performance output 367
may be quantified as a performance metric, as mentioned.
The output 367 may thereby indicate how the choice of
transmission power influences the subsequent performance
of the network. For example, 11 the message 1s sent with too
much power, interference complaints from adjacent cells
may increase, whereas 11 the message 1s sent with nsuili-
cient power, the message failure rate may increase and
delays (such as retransmission delays) may increase. In
some embodiments, network examples with similar param-
cters may be clustered or averaged, and the averaged param-
cters may be presented to the Al model as inputs, thereby
saving computer time and potentially exposing more subtle
cllects.

[0127] The vanables and weighting factors and other
adjustable variables may be adjusted to “tune” or “train” the
model based on network data. The Al model may initially
start with the adjustable variables in arbitrary states, or set
by logic or intuition, or otherwise. Then, data from actual
network activity may be used as the mputs 361 and the Al
model may calculate (or predict) a subsequent performance
metric 367. Specifically, the data may include ““pre-trans-
mission’” data, which 1s data measured belfore the message 1s
transmitted. The prediction 1s then compared 363 to the
measured “post-transmission” performance metric 362 of
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the network, measured subsequent to the message. In train-
ing the Al model, each variable (or a group of variables) may
be adjusted 1n some “direction”, and the prediction may be
again calculated and compared with the actual metric. If the
prediction 1s improved by that vanation, the variables may
be adjusted further in the same direction; but 1f the predic-
tion 1s worse, the variables may be adjusted 1n the opposite
direction or in some other direction. In each adjustment or
series ol adjustments of the varniables, the most influential
variables may be determined empirically, either by varying
them individually or by tracing backwards from the output
367, and subsequent vanations may focus primarily on those
influential variables. This iterative training process, of
repeated variation and comparison of the prediction, may be
repeated for a large number of diflerent message types with
different transmission power levels under different network
situations until, eventually, a particular set of values may be
found that provides satistactory predictions of network
performance across a wide variety of situations and trans-
mission power levels.

[0128] The next step may be to prepare an algorithm that
base stations can use to determine how much transmission
power to employ in transmitting each particular message. In
some embodiments, the algorithm may be the Al structure
itselt, but with the vaniables frozen at the most advantageous
settings. For ease of use by the base stations, the algorithm
may be configured to specily the preferred transmission
power level istead of predicting the network performance
metric. In addition, the algorithm may be simplified by
removing the least-productive mputs and internal functions
and links. In other embodiments, the algorithm may be
distinct from the Al model but based on it. For example, the
algorithm may be a computer program or subroutine, an
interpolatable tabulation of values, or a graphical device,
among many other calculation means for specifying a par-
ticular transmission power level for each message according,
to message parameters, current network conditions, and
observed environmental mputs. The base station can use the
algorithm to select an appropniate power level and then
transmit the message with the indicated power level.

[0129] In another embodiment, the base station or user
device operating an Al model may adjust certain variables 1n
the Al model based on the current network experience. The
entity developing the Al model originally (such as a super-
computer) may provide, to the base station or user device, an
indication of which variables can be adjusted 1n response to
certain events. Such a set of variables that can be altered to
produce a specific eflect may be termed a “solution vector”
and passed to the end user for gmded adaptation of the
model. For example, the model developer may determine
that, 1n some hypothetical situation, the network perior-
mance could be enhanced by adjusting the model variables
according to a particular solution vector, such as placing
higher importance on avoiding message faults and less
importance on pushing throughput, to consider one hypo-
thetical example. The developing entity, such as the super-
computer, may indicate such advice to the base station or
user device that employs the Al model, so that the end user
can adapt the model to 1ts own situation empirically. By
adapting the Al model according to the network or user
experience, the predictions and other outputs may be opti-
mized for each operating entity and each particular commu-
nication environment, thereby further enhancing operations
and multiplying the value of the Al model.
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[0130] When Al-denived algornithms are used by base
stations and/or user devices to select appropriate transmis-
sion power levels of messages, or beneficial modulation
schemes, or optimal beam angles, or realtime adjusted
incrementation parameters, the network may achieve
improved rehability, lower latency due to fewer delays,
higher energy efliciency by avoiding wasted power, and
improved overall network performance, according to some
embodiments.

[0131] In some embodiments, the receiver may employ an
Al model, or an algorithm derived from an Al model, to
assist in determining the signal quality. The signal quality as
used herein may be a composite parameter that accounts for
the recetved amplitude or power, interference and noise,
changing propagation conditions, accumulated delays or
demodulation faults, and a host of other real-world eflects
that can influence the determination of which test signal
provides the best “signal quality” in the current situations.
For example, i a user device 1s measuring the amplitude or
received power of test signals while an adjacent cell 1s
intruding with transmissions at a similar frequency, the
interference may distort the received signal, biasing the
selection of the best-received test signal. Such interference
may defeat the prior-art channel-state procedures that are
based on received power alone because the interference
power simply adds to the message received power, defeating,
the purpose of the prior-art feedback. An Al model, on the
other hand, may correctly account for the intrusion by
accounting for the SNR of the test signal, the power received
during a blank (no transmission) resource element, and other
influences. Thus the AI model may correctly evaluate signal
quality 1n many situations where the prior-art procedures
may fail. With reliable determinations of the received signal
quality of the test signals, the user device can then provide
useiul feedback requests to the base station, according to
some embodiments.

[0132] AI-Managed Signal Quality Determination

[0133] The following example shows how to use an Al
model for determining which test signal provides the best
reception.

[0134] FIG. 4A 1s a flowchart showing an exemplary
embodiment of a method for evaluating signal quality using
an Al model, according to some embodiments. As depicted
in this non-limiting example, an Al model evaluates the
signal quality based on user data. At 405, the user device
provides, to the Al model 406, a plurality of mput values
related to the signal quality. For example the mputs can be
data related to the test signals, such as the recerved ampli-
tude or power level of each of the test signal, the SNR or
SINR observed with each test symbol based on the raw
wavelorm, deviations 1n amplitude or phase relative to the
predetermined amplitude or phase levels of the modulation
scheme, and the amplitude or phase varnation during the test
signal. The mputs can also be related to current network
operations such as an amount of interference coming in from
outside the cell (measured 1n a blank, no-transmission
resource element), as well as fault rates or bit-error rates
detected.

[0135] At 406, the Al model performs the analysis 1t has
been tuned for, by determining a signal quality value at 407
for each test signal. In this example, the Al model, or a
second Al model, or algorithm, determines an uncertainty 1n
the signal quality which was calculated or estimated by the
Al model. The uncertainty in the estimated signal quality

May 9, 2024

value 1s important because the estimate would be worthless
if the uncertainty 1s too large. The user device can compare
the signal quality values of the test signals, as determined by
the first Al model, with the uncertainties as determined by
the second Al model (or an extension of the first one, or an
algorithm), and can then decide whether to use the signal
quality values of the test signals for feedback. If the uncer-
tainty 1s high, the recommendations of the Al model should
be disregarded, and the feedback opportunity should be
skipped. In addition, when a feedback message 1s required
yet the uncertainty 1s too high for reliable conclusions, the
user device can configure the feedback message for “no
change”, and thus retain the possibility of making a better
determination at a later time.

[0136] FIG. 4B 1s a flowchart showing an exemplary
embodiment of a method for determining the signal quality
ol the received test signals, according to some embodiments.
As depicted 1n this non-limiting example, a user device uses
an Al model to evaluate the signal quality of three test
signals, using inputs and outputs as disclosed in the previous
figure. The user device then transmits the selected choice
back to the base station 1n a feedback message. Optionally,
the user device may then monitor performance metrics and
adjust the Al model variables accordingly, thereby continu-
ally improving the Al model.

[0137] At 411, the user device receives or develops or
determines or otherwise arranges to use an Al model. In this
example, the variables of the model have already been
adjusted for evaluating a signal quality according to input
parameters, for example using a supercomputer with
machine learning on a large network data set. In other
embodiments, the user device may adjust the model vari-
ables empirically, for example based on the user’s experi-
ence. As a further alternative, the user device can receive
periodic updates to the variables, and/or other updates to the
Al model, based for example on the accumulated experience
of many user devices.

[0138] At412, the user device recerves a message from the
base station 111c1ud111g several (such as 3 or 4) test signals.
Each test signal 1s transmitted 1n a different way, such as at
a different angle. The user device does not know, or care,
how the test signals were transmitted 1n this case; the user
device 1s only responsible for determining which test signal
1s best received.

[0139] At 413, the user device evaluates various param-
cters of the test signals such as the recerved amplitudes or
power levels, the SNR/SINR of each test signal, the stability
or variations in amplitude or power or phase during each test
signal, and the like. The user device can also compare the
amplitude and/or phase of each test signal to a predeter-
mined amplitude or phase level, and can thereby determine
a deviation between the recerved amplitude or phase and the
closest predetermined level, for each branch of each test
signal. The user device can also determine the interference
level according to signals received during a blank (no
transmission) resource element proximate to the test signals.
High interference generally increases the uncertainty of the
signal quality determination, even 1f the RSRP is high.

[0140] In some embodiments, each test signal may be
configured as a demodulation reference, which the user
device can use for demodulating the message. The demodu-
lation reference may be a short-form demodulation reference
that exhibits the maximum amplitude or phase levels of the
modulation scheme, or the maximum and minimum ampli-
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tude levels, or other predetermined modulation levels 1n a
single resource element or at most two resource elements.

[0141] At 414, the user device can provide the various
parameter measurements of the test signals as mputs to the
Al model. At 415, the Al model can analyze the mputs and
determine the outputs, which at 416 may include the signal
quality of each test signal. Optionally, the Al model can also
provide outputs representing an uncertainty in each signal
quality determination. Alternatively, another Al model, or
another algorithm, can evaluate the uncertainty. The evalu-
ation of the uncertainty may use the same mnputs as the Al
model that determines the signal quality, or they may be
different mputs. If the uncertainty 1s large, such as compa-
rable to the signal quality value or more, the user device may
choose to 1gnore the signal quality value, and thereby avoid
causing erratic changes based on a poor data.

[0142] It may be noted that the uncertainty 1n the signal
quality determination 1s not a surrogate for the signal quality
itself. If the signal quality 1s low, the transmission power
needs to be increased, even i1 the uncertainty 1s larger than
the low signal. Usually, higher transmission power increases
the signal quality and decreases the uncertainty, leading to
better evaluations of the uncertainty thereafiter.

[0143] At 417, the user device can determine whether the
uncertainty, in the signal quality determination of each test
signal (and especially the best-received test signal) 1s above
or below a predetermined threshold. If the uncertainty is
above the threshold (that 1s, 11 the uncertainty 1s too high),
the user device may 1gnore the results. For example, 1f the
threshold equals 50% of the signal quality value or more, the
user device may discard the results and provide no feedback,
or the user can transmit a feedback message requesting no
changes, notwithstanding the previous paragraph.

[0144] On the other hand, 1f the uncertainty 1s below the
threshold, then at 418 the user device can transmit a feed-
back message to the base station indicating which test signal
1s favored. Optionally, the feedback message may include
other feedback 1tems such as an indication of whether more
or less transmission power 1s needed, based on the signal
quality of the best-received test signal. The base station can
then implement that choice by adjusting the transmission
beam angle, and optionally the transmission power, or other
parameters.

[0145] Optionally (in dash) the user device can seek to
update 1ts AI model variables based on further performance
data acquired by the user device. The user device may
thereby customize the Al model according to the user
device’s experience, capabilities, wireless environment, etc.
For example, at 419, the user device can continue to monitor
the performance metrics after transmitting a feedback mes-
sage to the base station, and thereby determine whether the
requested change succeeded 1n improving the performance,
or the reverse. The performance metrics of interest to the
user device may include its success rate, throughput, fault
rate, average delay, received SNR, or other measurables
related to communication.

[0146] At 420, the user device can determine whether the
performance 1s better or worse than 1t was before the change
in beam properties. If better, the user device can reinforce
the Al variables at 422, for example by causing them to be
more resistant to future variations. However, 1f the user
device experiences worse communications after the
requested beam changes, this may indicate that the user
device’s Al model, tasked with evaluating the signal quali-
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ties of the test signals, was incorrect. That 1s, the Al model
incorrectly evaluated the signal qualities of the test signals,
and 1n fact one of the other test signals was better than the
selected one. In that case, at 421 the user device can adjust
one or more variables in the Al model 1n an attempt to
improve the accuracy of the model, or at least to avoid the
current disappointment.

[0147] In one embodiment, the user device can change the
Al model vanables at random, and can attempt to determine
whether the resulting performance 1s better. This scattershot
approach generally takes a long time for convergence, even
when done by a supercomputer. More preferably, in another
embodiment, the user device has foreknowledge of which
variables to adjust under particular circumstances or to
obtain particular results. For example, the entity (such as a
supercomputer) that developed the Al model may have
determined which variables should be altered, and in what
direction, to mitigate various types ol problems or to have
some desired eflect. As mentioned above, the set of altera-
tions 1n the model vanables may be termed a “solution
vector” when 1t 1s related to an intended change in perfor-
mance. The Al development supercomputer, or another
entity, may vary the model vanables in various combina-
tions, and may analyze the effect of each such varniation, and
in this way may have determined which variables can be
adjusted to counter certain problems. With knowledge of the
solution vector and the performance that it 1s intended to
improve, the user device can then select which variables to
adjust, and 1n which direction, according to the problems
observed. Preferably any changes made to the model vari-
ables, by the user device, are small incremental changes,
which can be reversed 1f desired. In addition, the user device
may record a history of changes made to the Al model
variables, so that the changes can be reversed 1if the predic-
tive power of the Al model deteriorates rather than
1IMproves.

[0148] As a further beneficial option, at 423 the user
device can transmit the results of 1ts experience with the
model to other user devices, or to a central Al model
developer that accumulates experiences from many users
over time, thereby gradually improving the predictive power
and utility of the model. In addition, at 424 the user device
can receive updated values of the Al model variables, or a
whole new Al structure, from the Al manager.

[0149] Incremental Feedback

[0150] The following examples show how a base station
can adjust transmission parameters incrementally, respon-
s1ve to a user request 1n a feedback message. For incremental
adjustment of a transmission parameter, the base station can
apply a predetermined increment value to the parameter. The
sign of the adjustment 1s determined by the user device’s
request 1n the feedback message. This process continues
until the user device finds that the current parameter setting
1s better than any of the alternatives offered in test signals,
and therefore requests that the parameter remain at the
current available value.

[0151] The increment size (or step size) may be variable
and controlled by the base station. For example, the base
station may vary the increment size according to the user
device’s previous incrementation requests. For example, 1f
the user device repeatedly selects the test signal that corre-
sponds to a positive increase 1 the beam angle, the base
station can begin using larger increment sizes, and therefore
may reach the optimal angle more quickly. However, when
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the user device finally reverses direction and begins request-
ing the opposite sign of adjustment, the base station can
revert to a smaller increment size for fine-tunming the angle.

[0152] To consider a specific case, regarding the beam
angle adjustment, the increment size can be set mitially to 2
degrees say. If the user device selects the positive increment
twice 1n succession, the base station can double the incre-
ment size to 4 degrees. As mentioned, this increase i the
increment size 1s called “escalation”. If the user device then
selects a beam direction opposite to the previous change, the
base station may switch to a smaller increment such as 1
degree, which thereby enables fine-tuming of the angle. Thus
the base station can use increasingly larger increments as
long as the user device requests increments in the same
direction, and then can revert to smaller increments when the
user device reverses and requests the opposite direction, or
requests no change. The base station can thereby achieve the
optimal angle more rapidly than otherwise. In addition, the
same escalation and de-escalation processes can be applied
to the incremental power level adjustments and other param-
cter adjustments served by the feedback message, according
to some embodiments.

[0153] FIG. SA 1s a schematic showing an exemplary
embodiment of three beam-alignment test signals, according
to some embodiments. As depicted in this non-limiting
example, a base station 521 transmits three directed beams
522, 523, 524 1n various directions, and the amplitudes
received by the user device 525 are shown schematically. A
first test signal 533 and the message 528 are transmitted on
the middle beam 523. Two additional test signals 532, 534
are transmitted on the other two beams (dashed) 522, 524,
which deviate 1n positive and negative ways from the central
beam.

[0154] The message 528 and the first test signal 533 are
transmitted on the central beam 523, shown 1n solidline,
because 1t was previously determined to provide adequate
reception at the user device 525. However, 1n this case, one
of the other beams 524 1s now better aligned with the user
device 525. After receiving and measuring the three test
signals, the user device 525 has determined that the original
beam 523 is not the best one, because one of the other test
signals (3534, transmitted on beam 524) 1s better received.
The user device can then transmit a feedback message to the
base station 521 indicating which of the test signals was
received with the best signal quality, which 1n this case
would be the last one 524.

[0155] A blank resource element 526 1s received before
the first test signal 333, and a second blank resource element
531 follows the last test signal 524. A dashed line 1s shown
separating the first test signal from the message 528. Other
two test signals 532, 534, are after the message. In this case,
cach test signal 532, 533, 334 1s also a demodulation
reference. The first test signal 533 1s transmitted 1n a
particular direction indicated by 0, and the message 528 1s
also transmitted 1n the same direction 0. The last two test
signals 332, 534 are transmitted 1n other angles 0+ and 0-
which are transmitted at higher and lower angles relative to
the central beam 523. The height of the signal during the
third test signal 534 indicates that the best reception 1s
obtained with that beam 524.

[0156] The user device can then transmit a feedback
message to the base station 521 indicating that the best
signal was obtained with the last test signal 534. The base
station 321 can then determine that the favored test signal
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534 corresponds to the beam 524 with a lower angle, and
therefore may incrementally adjust its transmission beam
angle to a smaller angle.

[0157] The user device 525 does not need to know which

test signal 1s transmitted 1n which direction, or the size of the
increment between adjacent beam directions, or even that
beam alignment 1s being tested. It 1s suilicient, 1n this
example, for the user device 525 to determine which test
signal was best received, and to indicate that selection 1n a
teedback message. The base station 521 1s expected to know
what to do with the feedback information, such as to
incrementally adjust the beam direction toward the user
device, whereas the user device 525 has no such responsi-
bility. In contrast, some prior-art CSI procedures require the
user device to figure out what the base station 1s supposed to
do regarding the transmission channel, and then tell the base
station how to do 1t, which represents a substantial burden
for the user device. Therefore, in the depicted version,
responsibility for interpreting the feedback in terms of the
transmission beam parameters 1s allocated to the base sta-
tion, thereby allowing the user device to focus on 1ts own
tasks, while leaving network management to the base sta-
tion.

[0158] In a first embodiment, the angular difference
between the central beam 523 and each of the other two
beams 522, 524 equals the current increment size. The base
station will adjust the transmission beam to equal whichever
test signal 1s favored by the user device, after which the base
station may or may not change the increment size, depend-
ing on escalation rules. The user device can therelore
determine the signal quality expected at the new beam angle
already, since the user device has determined the signal
quality 1n the favored test signal.

[0159] In a second embodiment, the angular difference
between the central beam 523 and each of the other two
beams 522, 524 may be arbitrary and not related to the
increment size. In that case, the test signals merely indicate
a direction of change of the beam angle that the user desires.
The base station then applies the predetermined increment,
in the selected direction. For example, the base station may
first adjust the increment size according to certain rules, and
then apply that increment 1n the requested direction. Alter-
natively, the base station may apply the current increment
value 1n the requested direction, and then update the incre-
ment size. In each case, the subsequent messages to the user
device are then transmitted at the newly updated beam angle.

[0160] As mentioned, a user device with beamiorming
capability can transmit test signals, and receive feedback
responses, from a base station, and thereby keep the uplink
transmission beam parameters adjusted properly. Likewise,
two user devices communicating with each other, indepen-
dent of a base station, can provide the same kind of feedback
at negligible cost.

[0161] FIG. 5B i1s a schematic showing an exemplary
embodiment of 1terative adjustments of beam angle, accord-
ing to some embodiments. As depicted 1n this non-limiting
example, the downlink transmission beam angle i1s varied
incrementally, 1n response to the user device’s signal quality
teedback. Each downlink message contains three test sig-
nals. The user device indicates, in a feedback message,
which test signal provided the best signal quality. The three
test signals may be transmitted in three directions. For
example, one of the test signals can be transmitted 1n a
previously established “baseline” beam direction, and the
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other two test signals may be transmitted plus or minus a
predetermined increment angle, relative to the baseline
direction. Thus the base station can iterate toward the 1deal
beam direction 1n a series of directed increments.

[0162] In this example, the base station varies the size of
the increment according to the user device’s sequence of
beam selections. If the user chooses the positive increment
twice 1n succession, the base station increases the increment
s1ze by one unit and then adjusts the beam by adding the
updated increment to the baseline direction. That 1s, the base
station escalates the increment size responsive to repeated
same-sign requests, and de-escalates 1t upon a reversal 1n
sign. In this example, the base station follows a linear
escalation, such as a “1, 2, 3, 4” size sequence, as long as the
user device continues to request the same sign (positive or
negative) increment. However, 1 the user device then
reverses by selecting the opposite sign, the base station
reduces or de-escalates the increment size by 1 unit, as 1n a
“4, 3, 2, 1”7 sequence. The maximum increment size 1s 4 and
the minimum 1s 1. In addition, whenever the user device
requests no change in the beam direction, the base station
resets the increment size to 1.

[0163] There are two exceptions to the above rules, in the
depicted example. First, the base station avoids returning to
an already-tested beam direction, unless the mncrement size
has been reduced to the mimimum size. This avoids insta-
bilities. If the user device selects a test signal that would
return the beam angle to a previously tested direction, the
base station automatically reduces the increment size to the
smallest size, and then applies the small increment in the
requested direction. The base station thereby avoids repeat-
ing a previously tested direction, unless the increment size
1s already at 1ts smallest. A previously-tested beam direction
can be repeated, but only when the user device explicitly
requests 1t, such as when some condition has changed.
However, if suflicient time has elapsed since the last time
that particular beam direction was tested, then the record
may be erased because conditions may have changed over
time. The amount of time required for the previous test of the
particular beam direction to “go stale” depends on conven-
tion and/or on how rapidly the interference changes signifi-
cantly. This may be monitored by measuring the background
interference versus time and frequency.

[0164] The second exception 1s mmvoked when the user
repeatedly alternates between positive and negative incre-
ment requests (“ping-ponging”’). In that case, the base sta-
tion averages the two alternating beam directions as a
compromise, and then remains at that compromise angle
until the user device requests the same sign twice 1n suc-
cession. Thus the user device can resume normal beam-
angle adjustments by requesting the same sign of increment
on two successive requests, at which time the base station
resumes incrementing the direction using the smallest incre-
ment size. The increment size 1s restricted to a specific

range, such as 1 to 3 units 1n this example. Each of these
behaviors 1s 1llustrated 1n the chart.

[0165] Time 1s plotted horizontally and the beam angle 1s
plotted vertically. The jagged line 540 traces the incremental
changes 1n beam direction versus time. The optimal beam
angle 1s indicated by a doublewide arrow 541. However, the
initial beam angle starts at a completely diflerent angle, as
shown at 542. since the mitial angle 542 i1s far below the
optimal beam angle 541, the user device 1s going to select
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the higher-angle beam options at each feedback opportunity,
until the beam angle becomes equal or close to the optimal
angle 541.

[0166] At 543, the base station sends a downlink message

containing three test signals to the user device. The user
device selects whichever test signal gives the best reception,
which 1n this case corresponds to a higher beam angle, and
sends an uplink message specifying that selection. Respond-
ing to the feedback message, the base station increments the
beam angle by the initial increment size, which 1s initially
the smallest step size of 1 unit, as indicated at 543.

[0167] At 544, responsive to another downlink message,
the user device again selects the test signal with the higher
angle. The user device has thus requested the higher angle
option twice in succession, and therefore the base station
increases the increment size from 1 unit to 2 units, and then
takes the step 544 as shown. The step 544 1s twice as large
as the one at 543 because the base station has escalated the
increment size from 1 to 2 units.

[0168] The resulting beam 1s still below the optimal angle
541. Therefore, on the next feedback opportunity, the user
device again selects the positive increment option. The base
station again escalates the increment size, now to 3 units,
and applies it by increasing the beam angle by 3 units at 545.
[0169] Unifortunately, this step has now overshot the opti-
mum 541. Therefore, on the next feedback opportunity the
user selects a lower angle. The base station sees that the user
device has reversed the directional requests. Due to the
direction reversal, the base station reduces the increment
size from 3 units to 2 units, and then steps down at 546.

[0170] The resulting beam angle has again passed over the
optimum 541, so in the next feedback message the user
device again reverses by selecting the higher-angle option.
The base station responsively reduces the increment further
to 1 unit, and applies it at 547.

[0171] The next step causes one of the exceptions to be
invoked. The user device again reverses direction at 548 and
requests a lower angle. The base station cannot reduce the
increment size further because 1t 1s already at the smallest
s1ze. According to one of the exceptions, a reversal while the
increment size 1s just 1 unit causes the base station to
average the two alternating values. The base station there-
fore applies a half-size increment at 548, in the requested
direction, which 1s now the lower angle. This brings the
beam angle within at most Y2 unit from the optimal 541,
which 1s generally a satisfactory beam angle. The base
station then leaves the beam angle at that compromise
position during the subsequent interval 549, during which
the user either selects no change, or alternates between
positive and negative requests, or requests a non-zero
change alternating with a zero request, all of which are
treated as requesting no change while in the compromise
state.

[0172] At a later time, the optimal beam angle has sud-
denly changed to 550, due perhaps to motion of the user
device or a change 1n propagation. Consequently, the user
device now selects the lower angle option twice 1n succes-
sion at 5351. Repeated same-sign requests cause the base
station to exit the compromise state 549 and resume 1ncre-
mental adjustments. Therefore the base station applies a
reduction 1n angle of one umt at 551.

[0173] The user device again selects the lower beam angle
at 552, which causes the base station to escalate to a 2-unit
decrement, which brings the beam angle to $53. However, 1t
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1s still not enough, so at 554 the user device again asks for
a lower beam angle, whereupon the base station increases
the increment size to 3 units and applies 1t as shown. This
overshoots the new optimum 550, so the user device then
select a higher angle on the next feedback opportunity 3355.

[0174] At this point, the base station changes the rules
slightly. Previously, upon a reversal, the increment size was
de-escalated by only 1 unait, that 1s, reduced from 3 to 2 units
in that case. But the base station noted that de-escalating by
only one unit tends to cause oscillatory motion, as in the
546-548 steps. In some systems, oscillation of the beam
angle can be wastelul, or at least inconvenient to the base
station. To avoid oscillations like that, the base station
changes the rules so that now, upon a reversal, the increment
s1ze 1s reduced suddenly to the lowest value of 1 unit, instead
of being de-escalated gradually. Therefore at 555, when the
user device reversed and began requesting a positive change,
the base station immediately reduced the increment size to
1 unit. That increment was then applied as shown 555.
Reducing the step size to the lowest size upon a reversal 1s
more conservative than reducing the size gradually, by one
unit at a time. Oscillations are then limited to two reversals,
at which time the compromise rule 1s mnvoked.

[0175] The base station adds the one-unit adjustment to
the beam angle at 555, but the beam angle 1s still below the
new optimum 550. Therefore, the user device again requests
the higher beam angle at 556. The two successive positive
requests should cause the base station to increase the incre-
ment size to two umts at that point. However, doing so
would return the beam angle to a previously-tested level
533. Specifically, applying a 2-unit increase at 556 would
return the beam angle to 3557 (dash) which equals the
previously-tested level of 553, which would be a waste of
time since that beam angle was recently tested and rejected
by the user device. Therefore, the base station applies
another exception at this point by not escalating the step size
at all. Instead, the base station keeps the increment size at the
smallest size, which 1s still 1 unit. The base station then
applies an increment of 1 unit at 556. This brings the beam
angle to 558, which 1s very close to the new optimum 550,
and therefore 1s satisfactory. The beam angle then remains
aligned with the new optimum thereafter, until conditions
again change.

[0176] To summarize, the base station suppressed oscilla-
tions by de-escalating abruptly to the minimum size upon
cach reversal. I the user device tries to revisit a recently-
tested angle, the base station also reduces the step size to the
mimmum. Upon a reversal while the increment size 1s
already set to the minimum, the base station averages the
two alternating beam directions and remains at that com-
promise setting until the user device requests two same-sign
Increments 1 SUCCESSION.

[0177] In this example, the base station escalates the
increment size first, and then rotates the beam direction by
adding or subtracting the new increment size. In another
embodiment, the order of action 1s reversed: the base station
rotates the beam along the selected test signal direction first,
and then performs the escalation of the step size. The former
(escalate the step size first, then rotate the beam) 1s more
aggressive at seeking the optimal angle when the error is
large, but the latter (rotate beam first, then escalate) may
reduce the incidence of oscillation. It 1s a matter of conven-
tion or network preterence which action 1s performed first,
escalation or rotation.
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[0178] FIG. 5C 1s a schematic showing an exemplary
embodiment of an iterative adjustment ol transmission
power, according to some embodiments. As depicted 1n this
non-limiting example, the transmitted power 360 1s plotted
vertically and time 1s horizontal. A doublewide arrow 1ndi-
cates a range of signal quality 561-562, within which the
reception 1s acceptable. If the signal quality 1s below a lower
threshold 561, the user device will ask for additional power
at the next feedback opportumity. If the signal quality 1is
above an upper threshold 562, the user device 1s obligated to
request less power, to avoid generating excessive interier-
ence.

[0179] The base station successively adjusts the transmit-
ted power level up and down by incremental changes, upon
request by the user device, until the signal quality 1s within
the acceptable range 561-562. The rules 1n this case call for
the mcrement size to start out at the lowest size, mnitially.
When the user requests the same sign of adjustment twice 1n
succession, the increment size 1s doubled, and upon any
reversal of sign, the increment size reverts to the smallest
s1ze. Upon two same-sign requests, the step size 1s doubled
to 2 units, and upon the third same-sign request 1t 1s doubled
again to 4 units, that 1s, a “binary” escalation. Then, upon a
reversal, the base station reduces the increment size to the
smallest size, 1 unit. In this case, a “reversal” 1ncludes
changing from a positive to a negative request or vice-versa,
or changing from zero to a non-zero request or vice-versa.

[0180] In this example, the width of the acceptable zone
561-562 1s wider than the smallest size increment. This may
avoid oscillations since any value within the acceptable zone
would likely remain unchanged unless external conditions
change.

[0181] Imtially, at 563, the reception quality 1s poor
because the transmitted power 1s too low. Upon receiving a
message at 564, the user device measures the signal quality
of the test signals provided with the message, and deter-
mines that the signal quality 1s below the lower signal
quality threshold 561. Theretfore the user device transmits a
teedback message requesting an incrementally higher power
level, which the base station applies at 564.

[0182] Later, at 565, the user device receives another
message and again determines that the signal quality 1s
below the acceptable range, and transmits feedback request-
ing a further incremental power increase. Having received
two positive requests 1n a row, the base station then doubles
the size of the increment and increases the power level by 2
units, as shown at 565. This 1s still below the lower threshold
561, so at 566 the user device requests a power 1ncrease a
third time, whereupon the base station again doubles the
increment size to 4 units and applies the power increment at
566. Thus the increment size 1s doubled upon each repeated
request of the same sign.

[0183] The 4-unit increment 566 puts the power level
above the upper threshold 562, which causes the user device
to then select a lower power level on the next feedback. This
reversal breaks the string of increases. Accordingly, the base
station reduces the increment size back to the lowest 1-unit
s1ze, and applies 1t at 567. The last step 567 finally places the
signal quality between the thresholds 561-562, and therefore
the power level remains at 568.

[0184] At time 570, conditions change. Perhaps there is
additional interference from outside the cell, or the mobile
device moves farther from the base station, or other change.
Consequently, the user device now requests additional
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power to compensate the losses, and receives a 1-unit
increase 370, followed by a second request and a 2-unit
power enhancement at 571. However, this would cause the
transmitted power to be higher than the highest transmission
power limit 569 (dash) permitted to the base station. The
base station cannot exceed the upper limit 569 except 1n an
emergency. Therefore, the base station decides to accom-
modate the user device by changing the modulation scheme
instead of increasing the power.

[0185] The base station then changes to a different modu-
lation scheme. In this case, the base station selects a modu-
lation scheme that provides larger noise tolerance or a longer
symbol-time or both, 1n an attempt to provide better recep-
tion to the user device, albeit with reduced information
density. The modulation change 1s communicated to the user
device 1n a downlink message 572 represented by an arrow.
Because the new modulation scheme has better noise mar-
gins and/or a longer integration time per message element,
the base station determines that the requested power increase
1s no longer necessary. Instead, the base station calculates
that the new modulation scheme 1s sufliciently liberal that
the power can safely be reduced, and will still provide
suflicient signal quality to the user device. Therefore, the
base station reduces the transmitted power to the level 573,
instead of increasing 1t as requested. The base station
estimates that the new power level 573 may be suitable,
given the modulation change. In this case, the new power
level 1s close to the desired signal quality range 561-562.
Then, after slight fine-tuning at 574, the power level remains
at 575 which 1s between the thresholds 561-552, and the
base station continues to use the downgraded modulation
scheme for commumicating with the user device until con-
ditions again warrant another change.

[0186] FIG. 6A i1s a flowchart showing an exemplary
embodiment of a method for iteratively, incrementally
adjusting a transmission parameter, according to some
embodiments. As depicted 1n this non-limiting example, a
base station adjusts a transmission parameter (such as power
or beam angle) incrementally up or down, according to a
+/0/- feedback request from a user device. The increment
size 1s variable, but 1s limited to a predetermined range
between a minimum and maximum increment size. For
example, the permitted increment sizes may be 1, 2, 3, 4, 3,
6, 7, 8 units. Initially, the increment size 1s set at 2 units 1n
this case. On repeated requests for the same sign of incre-
ment, the increment size 1s doubled. On a reversal from
positive to negative or vice-versa, the increment size 1s
halved. If the user requests zero change, and then subse-
quently requests a positive or negative change, then the
increment size 1s returned to the nitial size of 2 units.

[0187] At 601, a base station transmits a downlink mes-
sage to a user device using the current setting of a trans-
mission parameter such as the beam angle or the transmis-
sion power. At 602, the base station receives a feedback
message, optionally multiplexed with an acknowledgement
for the downlink message, including a +/0/- feedback indi-
cator for the transmission parameter. For example, the
feedback 1ndicator can have 3 modulation states, such as a
positive amplitude, zero amplitude, and negative amplitude,
corresponding to a selection of increasing, keeping
unchanged, or decreasing the parameter setting. The user
device may or may not know the actual value of the
transmission parameter being varied, nor which selection
corresponds to which increment. The base station 1s respon-

e
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sible for interpreting the feedback message, adjusting the
increment size, and applying the requested adjustment.

[0188] At 603, the base station interprets the feedback
message and determines whether the user device requests a
positive (+) or negative (-) or zero change (0), as indicated
by a three-output interrogator. If the user device selects zero
change, the task 1s done at 604.

[0189] The base station then compares the current request
with the previous selection. At 603, responsive to a negative
change request, the base station doubles the increment size
at 607 11 the previous selection was also negative. The base
station halves the increment size at 609 1f the previous
selection was positive. The base station restores the incre-
ment size to the imitial value at 608 1f the previous selection
was zero. Likewise, responsive to a positive change request
606, the base station doubles the increment size at 612 1if the
previous selection was also positive, or halves the increment
size at 610 1f the previous selection was negative, and
restores the icrement size to the initial value at 611 1f the
previous selection was zero.

[0190] Then at 613, the base station checks whether the
adjusted increment size 1s outside the max-min range, and 1f
S0, sets 1t to a mimimum at 614 or to a maximum at 615. The
base station then applies the increment at 616 to the param-
cter, thereby adjusting the beam angle or power, and waits
for another message opportunity.

[0191] Optionally, in dash, the base station may switch to
a larger or smaller modulation scheme when the requested
power reaches a predetermined power limits. For example,
at 617 the base station can check whether the requested
power level 1s higher than a predetermined high power limit
or lower than a lower limit. If the requested power 1s below
the lower limat, this indicates that reception 1s so good that
the throughput can be increased by selecting a larger (more
bits per message element) modulation scheme at 618. On the
other hand, when the requested power exceeds the trans-
mission capabilities of the base station (or its regulation
limits), then the base station can determine that the current
modulation scheme 1s no longer suitable, and may switch to
a smaller scheme 619 that has a larger separation between
the modulation states, and hence a larger noise margin. I
necessary, the base station may also switch to a lower
numerology for longer integration times, or other strategy to
achieve satisfactory communications with the user device.

[0192] The base station and the user device, 1n coopera-
tion, have adjusted a beam parameter (or multiple multi-
plexed parameters) upon each downlink message. The incre-
mentation selection was made according to the recerved
signal quality. The adjustments were thus accomplished 1n

realtime, with mimmal-to-negligible expenditure of
resources.
[0193] FIG. 6B i1s a flowchart showing an exemplary

embodiment of a method for a user device to provide
incremental feedback, according to some embodiments. As
depicted 1n this non-limiting example, a user device recerves
a downlink message at 651. The downlink message may
include multiple (such as three) test signals, and/or other
message 1tems which the user device can measure. The user
device can then select one of the test signals as the favored
version. At 652, the user device transmits a teedback mes-
sage to the base station indicating one or more requests,
responsive to the downlink message and its associated test
signals or the like. For example, the feedback message may
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indicate a preferred selection of beam angles, or a request for
higher or lower transmission power, or other transmission
parameter.

[0194] The incrementation parameters can be established
by convention or standard, and can be altered as needed by
the base station or core network based on conditions. The
increment can be changed in a linear or binary or other
escalation formula. The base station can determine the
number of equal-sign requests that cause an escalation, and
whether the increment size 1s then decreased upon direction
reversal and by how much, and whether to suppress oscil-
lation by providing fractional-sized increments or a range of
acceptable performance metrics or otherwise, and whether
to avoid repeating previously tested values unless the incre-
ment size 1s at minimum, and how to limit the range of
increment sizes, and how many increment sizes to allow,
among many other variables that may be beneficially con-
figured. In addition, it 1s the base station’s option to change
to a lower modulation scheme whenever the requested
power exceeds a predetermined transmission limit, and to
change to a higher modulation scheme (that 1s, with higher
throughput) whenever the requested power drops below a
lower limit (not shown).

[0195] Making changes to incrementation parameters,
according to complex realtime network conditions and user
demands, 1s a hard problem of the type that humans gener-
ally do poorly. Al 1s well suited to this type of multivariate
optimization problem. Therefore, an artificial intelligence
model may be developed to regulate the incrementation
parameters 1n realtime, as described below.

[0196] Al-Managed Incrementation

[0197] In some embodiments, the base station can use an
Al algorithm to determine which escalation rules and values
to apply 1n incremental feedback adjustments. For example,
an Al model can determine which set of rules to invoke
depending on current conditions, and how to escalate or
de-escalate the increment size, and when to apply an excep-
tion, and how to set limits, among several other options.
Such complex realtime problems are dithicult to foresee, and
difficult for humans to manage when things happen on a
millisecond time scale. Brute-force software, to account for
the multitude of possible circumstances and incrementation
options, would be unwieldy 11 not impossible. Fortunately,
Al 1s competent 1n general to handle such problems. After
being trained on actual network performance data under a
variety of incrementation rules and conditions, the Al model
can manage the incrementation process to adjust beam
angles, transmission power levels, and other parameters
related to communications. The Al model must be trained on
network data to seek some kind of optimization, such as
overall network performance or user experience, which may
be represented by a metric for example. The Al model
variables are then adjusted to provide satisfactory decisions
based on the user’s incremental feedback. With such auto-
matic, realtime control, the network may provide substan-
tially improved messaging throughput, reliability, efliciency,
and user satisfaction overall.

[0198] An Al model or a machine learning routine may be
employed to configure the incrementation features and set-
tings, as depicted in the next figure. For example, the
optimal configuration of beam angle incrementation may
depend on the number and angular distribution of active user
devices, because 11 the user devices are more widely spaced
apart, they are less likely to encounter interference from
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signals beamed to another user. However, the user spacing
may vary substantially during each day as users come and
g0, necessitating changes 1n the incrementation procedure as
conditions change. Likewise the beam power incrementation
rate, and associated rules, may depend on the radial distri-
bution of user devices, because different distances from the
base station generally require different transmission power.
In addition, the optimal beam width may be adjusted,
depending on the distribution of radial and angular separa-
tions of those devices, yet this optimum also varies substan-
tially through the day. For these and many other reasons, 1t
may be necessary, or at least preferred, to develop an AI/ML
model to adjust the incremental feedback responses.

[0199] Accordingly, an algorithm 1s disclosed, consisting
of or dertved from an Al model, which 1s trained by machine
learning with abundant network data as examples. The Al
model may take as iput, various network conditions, cur-
rent user device distributions, external noise/interference,
and other mput parameters relevant to feedback responses
regarding transmission. The Al model may provide as out-
put, parameters of a suggested incremental feedback proto-
col, which may include wvalues such as the number of
incrementation sizes, and their values; whether to escalate
the incrementation size 1n a linear or binary or other manner;
under what conditions to change the increment size and
when to apply the increment; when to change the modula-
tion scheme instead of incrementing, and how to compen-
sate the transmission parameter accordingly; and the other
operational choices and 1ssues listed 1n the previous para-
graphs. In one embodiment, the base station may use the Al
model 1tself to select each incrementation adjustment of
cach user device’s beam direction. In another embodiment
however (and probably more conveniently), the base station
may use the Al model to determine suitable rules and values
for incrementation responsive to each user device’s condi-
tions, and then allow a simpler software algorithm can carry
out the realtime changes according to those rules and values.
With such a model or algorithm, base stations may be able
to manage communications more eiliciently and with less
wasted power that prior art adjustment schemes, while
generating less background energy and providing improved
reliability overall.

[0200] FIG. 7A 1s a flowchart showing an exemplary
embodiment of a procedure for operating an Al model to
adjust the incrementation parameters of an incremental
teedback procedure, according to some embodiments. As
depicted 1n this non-limiting example, an Al model 702
takes as mput 701 a number of incrementation parameters
related to a particular user device. The mmputs may include
data related to the network such as the distribution of user
devices versus distance from the base station (which aflects
power required) and the angular distribution (which affects
interference), as well as the variation 1n active users during
cach day, or during weekends versus weekdays, among other
factors. The 1inputs may include data related to communica-
tions such as the network throughput, delays, fault rates, and
traflic density among others. The mputs may include data
related to the particular user device such as 1ts most recent
teedback requests, its proximity to the base station, noise
and interference experienced by that user device, and its
signal processing and beamiforming capabilities, among
others. The mputs may include data related to the incremen-
tation such as the range of allowed increment sizes, a current
increment value, the user device’s recent feedback requests,
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and certain rules governing how the increment size 1is
escalated and de-escalated, among others. The mputs related
to transmission may include a beam power or direction or
width, and a modulation scheme 1n which the test signals are
modulated, among others.

[0201] The AI model 702 may provide as output 703
recommendations regarding the incrementation of beam
angles, transmission power, or other transmission param-
cters. The outputs may include the recommended size of the
incrementation step, the escalation formula (such as linear or
binary escalation) and when to escalate the size, the maxi-
mum and minimum limits of the incrementation step and of
the transmission parameter itself, and when to imnvoke excep-
tions to the rules such as the no-repeat exception.

[0202] FIG. 7B i1s a flowchart showing an exemplary
embodiment of a procedure for preparing an Al model,
according to some embodiments. As depicted in this non-
limiting example, an Al model 1s prepared for a base station
or a user device to use 1n connection with incremental
teedback adjustments such as beam angle adjustments and
beam power adjustments. In the example, the depicted
model 1s configured to assist the base station (or its core
network) in managing an incrementation parameter such as
step size.

[0203] At 751, software for an Al model 1s acquired or
developed or otherwise obtained for a supercomputer, or
other processor suitable for developing an Al model. The Al
model includes a plurality of inputs, a plurality of adjustable
variables, and one or more outputs that depend on the mputs
and the adjustable variables. At 752, network operational
data 1s acquired for training the Al model, such as message
throughput, average delay, failure rate, and other network
performance parameters. The inputs may also include which
parameters were in use when the network performance data
were taken, such as the default increment size, the escalation
formula (such as linear or binary) for increasing or decreas-
ing the increment size, rules regarding direction reversal and
no-repeat exceptions, among other possible parameters of
the incremental adjustment process.

[0204] At 753, the Al model 1s operated to predict the
tuture network operations, or a network performance metric,
according to the mput network parameters and the incre-
mentation parameters. At 754, the prediction 1s compared
with actual network performance data acquired while a
network operated using those incrementation parameters. At
755, the accuracy of the prediction 1s evaluated. If the
prediction 1s determined to be not satisfactory (that 1s, the
predictions failed to agree with the actual network perior-
mance aiter the incrementation), the model variables are
adjusted at 756 to improve the predictive power, and the
flow then returns to the prediction and comparison steps for
turther refinement. If, however, the prediction 1s deemed
satisfactory (predictions based on the mput data largely
agreed with subsequent network performance), the flow
returns to 752 to repeat the procedure with a different set of
network and incrementation parameters. The applicability
and accuracy of the Al model are thereby broadened for
eventual field use.

[0205] At 757, the predictions are determined to be satis-
factory for a variety of network and incrementation condi-
tions. Then the Al model, or an algorithm derived from 1t, 1s
prepared for field use by a base station or a core network.

[0206] At 758, as indicated by a doublewide arrow, the Al
model, or a trimmed version of it, or an algorithm derived
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from 1t, 1s 1nstalled in a base station or a core network. The
purpose of the fielded Al model or algorithm 1s to determine
the incrementation parameters most suitable for use accord-
ing to the current operating conditions of that network.
Alternatively, or 1n addition, the fielded Al model or algo-
rithm may be configured to predict changes i1n network
performance consequent to proposed changes in the incre-
mentation parameters. If the network accumulates enough
experience with the Al model, and develops trust in 1ts
predictions, the network may decide to allow the Al model
to autonomously adjust the incrementation parameters in
realtime, instead of having humans interpret the Al results
and apply the changes themselves. Direct Al management of
operations may thereby enable realtime optimization of
parameters without human involvement, other than light
SUpErvision.

[0207] At 759, the base station (or core network) receives
a feedback message from a user device requesting an incre-
mental change to the power or angle of the transmission
beam toward that user device. At 760, the feedback request
and the current network conditions are provided to the Al
model (or algorithm, etc.), which then selects the most
suitable type of incrementation to apply (such as linear or
binary escalation), and the incrementation values (such as
initial, minimum, and maximum increment size), and excep-
tions (such as no-repeat) among many other possible param-
cters of the incrementation procedure. The parameters may
be customized for each beam parameter (power, angle,
width, etc.) and for each user device 1n the network.

[0208] At 761, the transmission beam 1s adjusted accord-
ing to the Al outputs and the requested change, and the tlow
returns to 759 for the next feedback message. As mentioned,
that adjustment may be done by the model or by a human
interpreting the model outputs.

[0209] Optionally, at 762 (dash) the base station (or core
network) can attempt to adjust the AI model variables in the
field unit, based on the results observed by that base station.
To assist the base station in choosing the right variables to
vary, the supercomputer that developed the Al model may
have determined which variables are associated with various
types ol faults, or a particular network condition, or a
common incrementation problems. With that knowledge, the
base station can then vary the Al vanables, 1n the base
station’s field version of the Al model, with knowledge of
which vanables aflect the problem 1n question. Thus each
base station can adapt its version ol the Al model to better
respond to the base station’s own situations. However, if
those changes result 1n worse network performance, the base
station or core network can reverse adjustments and return
to the previously configured parameters, or perhaps adjust
the variables in the opposite sense, or other strategy as seems
appropriate to the base station. With knowledge of which
variables can be altered to aflect which types of problems,
the base station can iteratively adapt the fieldable Al model
to the specific current conditions 1n realtime, based on the
types of feedback received and current network conditions,
and thereby improve the predictions under those conditions.

[0210] Optionally, at 763, the base station (or core net-
work) can prepare an operational history of the feedback
requests, output recommendations of the model, the vari-
ables adjusted by the base station if any, and the resulting
network performance changes. The base station or core
network can then send the operational history back to the Al
model developer. The supercomputer can then take the
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operational history as new field data for further refinement
of the Al model. Collaborative model refinement, between
the model developer and the model user, can result in rapid
adaptation of the Al model for real-world networking appli-
cations.

[0211] Modulation Schemes for Feedback

[0212] The following figures show certain modulation
schemes configured to efliciently transmit feedback mes-
sages, along with prior art schemes for comparison.

[0213] FIG. 8A 1s a schematic showing an exemplary
embodiment of a 16QQAM constellation chart, according to
prior art. As depicted in this non-limiting example, a
16QAM constellation chart includes 16 allowed states 801,
cach allowed state 801 configured as two orthogonal ampli-
tude-modulated sinusoidal signals termed the I-branch (hori-
zontally) and the Q-branch (vertically). Each branch is
amplitude modulated according to a set of predetermined
amplitude levels, 1n this case -3, -1, +1, and +3 arbitrary
units. The central cross shape represents zero amplitude.

[0214] FIG. 8B 1s a schematic showing an exemplary
embodiment of a (QPSK modulation constellation chart,
according to prior art. As depicted 1 this non-limiting
example, QPSK includes four allowed states 811 which here
are modulated with I and QQ branches equal 1n magnitude, at
the maximum branch amplitude of £3 arbitrary units. Other
QPSK schemes are rotated by 45 degrees. An advantage of
QPSK 1s that a recetver can demodulate a message trans-
mitted 1n QPSK without calibrating the amplitude scale, as
long as the receiver 1s time-synchromized with the transmut-
ter. The states 111 differ in phase only, so the recerved
amplitude (which depends on many unknowns) 1s not rel-
evant to demodulation with this modulation scheme. Many
system-1nformation and control messages are transmitted 1n
QPSK for that reason, when no amplitude calibration or
demodulation references are present or needed. However,
QPSK delivers only two bits per message element, and
hence those messages tend to occupy large regions of the
resource grid.

[0215] FIG. 9A 1s a schematic showing an exemplary
embodiment of a 9QAM constellation chart, according to
some embodiments. As depicted i this non-limiting
example, nine allowed states 921 are each configured with
an I-branch and a QQ-branch, and each branch 1s amplitude-
modulated according to three predetermined amplitude lev-
¢ls, which 1n this case are +3, 0, and -3 arbitrary units. Thus
the non-zero predetermined amplitude levels have the same
amplitude as the maximum positive or negative amplitude
levels of 16QAM and QPSK. In addition, there are states
with zero transmission 1n one or both branches, which the
standard modulation schemes lack. As mentioned, the
receiver can generally discern a zero-power branch from a
tull-power branch, and can discern positive amplitude from
negative amplitude, without having calibrated the amplitude
scale. Hence a receiver can demodulate the 9QAM message
natively, without calibrating the predetermined amplitude
levels and without a prior demodulation reference. (There
may be an exception 1n case of an extremely weak signal, so
weak that the base station cannot reliably discriminate a zero
amplitude from a non-zero amplitude. In such cases, how-
ever, then the SNR 1s likely so bad that communication 1s
impossible anyway. Therefore such cases are 1gnored
herein.)

[0216] Also shown are headings indicating what each of
the predetermined branch amplitude levels may represent.
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Each branch may encode a different parameter such as
incremental feedback of the beam angle or power. For
example, the I-branch amplitudes may represent a request
for an increase or decrease in transmission power, or a
request to leave the transmission power unchanged. In the
depicted case, +3 means to increase the power by some
predetermined increment, —3 means to decrease 1t, and O
means to leave 1t unchanged. In a similar way, the Q-branch
levels may indicate which of three candidate beam direc-
tions provide the best reception, which are represented as the
left, middle, and right beams or the first, second, and third
test signals. Thus the receiver can request a transmission
power adjustment and a beam alignment adjustment, all
multiplexed 1n a single resource element, and which 1s
demodulatable natively without an amplitude calibration.
The base station, upon receiving the feedback resource
clement, can extract the I and Q amplitudes, determine
whether the user requests a change in power or beam angle,
and can then incrementally adjust the power or beam angle
accordingly. Such an incremental adjustment, provided by
the base station for each downlink message, may be more
timely and less costly than the complex messages normally
used for alignment and power control.

[0217] The base station 1s responsible for interpreting the
teedback choices and adjusting the transmission beam
accordingly. The user device may not know, or care, which
transmission parameter 1s mvolved, nor which candidate
values of those parameters appear in which test signals. In
this case, the user device indicates which test signal has the
best signal quality or received power, and the base station 1s
responsible for responding accordingly. For example, the
downlink data message may include three test signals, each
directed 1n incrementally different beam directions. A {first
test signal may be transmitted in the same direction as the
data message, and the other two test signals may be directed
that direction plus or minus an angular increment (such as,
say, £10 degrees). The user device can then compare the
signal quality in the three test signals, and can select which
test signal had the best signal quality or received power, and
can indicate that choice 1n the Q-branch of the feedback
message, as shown. The base station can then adjust the
beam direction as requested.

[0218] In some embodiments, the first test signal/demodu-
lation reference 1s concatenated with the start of the mes-
sage. The message 1s transmitted with the same beam as the
first test signal. The other two test signals are concatenated
with the end of the message, and are aimed 1n slightly higher
and lower beam angles. The user device can then select
which of the three test signals provides the best signal
quality, thereby providing feedback on beam angle, and can
also demodulate the message according to the leading test
signal/demodulation reference. In addition, the user device
can measure the signal quality of the best test signal, thereby
determining whether additional transmission power 1s
needed, and can include feedback on the transmission power
along with the feedback on beam angle. Hence the test
signals are doing triple duty: demodulation reference, beam
alignment test signal, and transmission power test signal.

[0219] In some embodiments, each test signal may be a
short-form demodulation reference configured to indicate
modulation levels from which all the others can be calcu-
lated. For example, the test signal may occupy a single
resource element 1n which the I-branch 1s amplitude modu-
lated according to the maximum predetermined amplitude




US 2024/0154679 Al

level of the modulation scheme and the Q-branch i1s the
mimmum amplitude level. The first test signal then serves as
a beam-angle test signal and as a demodulation reference.
For example, the receiver can use the test signal to recali-
brate the predetermined amplitude levels of the modulation
scheme of the message associated with the leading test
signal. In addition, the trailing test signals, transmitted
differently from the message elements, may still serve as
phase tracking reference signals for refimng the synchroni-
zation. Since the test signals are concatenated with the
message, the recalibration 1s “fresh” and may result in
improved noise cancellation.

[0220] An advantage of 9QAM, as a modulation scheme
for the feedback message, may be versatility, since the user
device can multiplex two incremental adjustment requests
within a single 9QAM resource element, as shown. The base
station can then separate the feedback message into the I and
(Q branches, extract the two different types of feedback
information, and determine which option, of the three
options, 1s requested for each branch. Another advantage
may be reliability, since the receiver 1s generally able to
discriminate between positive, negative, and zero signals
with high reliability, even without a demodulation reference,
and without calibrating the amplitude. In contrast, modula-
tion schemes that have 4 amplitude modulation, such as
16QAM, generally require a demodulation reference for
amplitude calibration. Another advantage may be that
9QAM provides slightly over 3 bits per message element, as
opposed to 2 bits with QPSK, and hence a message modu-
lated in 9QAM 1s shorter than the same iformation modu-
lated with QPSK. (All of these advantages assume, as
mentioned, that the receiver has been time-synchronized
with the transmitter, and that suthicient SNR 1s present.)

[0221] FIG. 9B 1s a schematic showing an exemplary
embodiment of an 8QAM constellation chart, according to
some embodiments. As depicted in this non-limiting
example, 8QAM includes states 931 similar to 9QAM of the
previous figure, but without the central 0,0 state. Thus all of
the allowed states 1n 8QAM include power transmitted 1n at
least one of the I or Q branches. 8QAM may be preferable
when there 1s a choice among 8 items, such as 8 angles (0,
etc. as shown), since i1t provides 45 degrees of phase
separation between adjacent states. 8QAM provides exactly
3 bits per message element, and thus messages will be 24 as
long relative to QPSK.

[0222] FIG. 10A 1s a schematic showing an exemplary
embodiment of a polar plot of an amplitude-phase modula-
tion scheme, according to some embodiments. As depicted
in this non-limiting example, states 1001 of a modulation
scheme are modulated using amplitude modulation multi-
plexed with phase modulation, as shown. Amplitudes are
represented by circles 1002, 1003 and by a radius vector
1004, while phase 1s represented by an angle 1005. The
modulation scheme 1ncludes nine states, each modulated 1n
amplitude and phase. The nine states 1001 include four
states with a large amplitude 1002 (such as five arbitrary
units), four states with a smaller amplitude 1003 (such as
three arbitrary units), and a central state with zero amplitude.
As 1n the previous example, the amplitude-phase modulated
states 1001 can encode two multiplexed feedback param-
eters, such as transmission power and beam angle. For
example, state 1006 with the maximum amplitude level
1002, and a phase angle of 45 degrees, may represent a
request to increase the power by one increment, and to prefer
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the second demodulation reference. That 1s, the resource
clement 1s modulated to indicate the power feedback 1n the
amplitude, and the beam angle feedback in the phase,
simultaneously. In a similar way, state 1007 may request a
decrease 1n power and no change in angle. As with the

previous example, the central state 1008 may indicate no
change 1n the power or beam direction.

[0223] FEach state 1001 in the depicted example has a tull
90-degree phase acceptance region, since all the states are
separated from their equal-amplitude neighbors by 90
degrees. Therefore the modulation scheme 1s able to accom-
modate substantial phase noise without faulting. 16QAM,
and other prior-art schemes carrying more than 2 bits,
generally do not have that feature, because some of their
states are closer together than 90 degrees. As a further
advantage of 9-state amplitude-phase modulation, the large-
amplitude states 1002 are spaced apart in phase by 45
degrees from the closest small-amplitude states 1003, and
vice-versa. This large separation 1n both phase and ampli-
tude thereby provides additional noise margins, for unam-
biguous demodulation despite substantial amplitude noise
and phase noise. As with 9QAM, the 9-state amplitude-
phase modulated states can provide incremental feedback on
two diflerent transmission parameters 1n a single resource
clement. In this case, the two parameters are the beam power
and beam angle. As a further advantage, the 9-states ampli-
tude-phase modulation states, without an amplitude calibra-
tion, correspond to an 8PSK modulation scheme (45 degree
phase separations) plus the central 0,0 state. Therefore, the
receiver can demodulate the 9-state amplitude-phase states
natively, without an amplitude calibration, by measuring the
phase.

[0224] The base station or the user device can determine
whether to use 9QAM or the 9-state amplitude-phase modu-
lation scheme for compact feedback messages depending on
reception, interference, and network conditions. For
example, the base station or the user device can include an
algorithm, derived from artificial intelligence using machine
learning, to select the most appropriate modulation scheme.
For example, 11 phase noise 1s high enough to cause exces-
sive phase faults, the Al-derived algorithm can recommend
switching to the amplitude-phase modulation scheme
instead, for improved phase noise tolerance. This option
may be especially important at high frequencies.

[0225] An advantage of 8/9QAM may be that there may

be no need for a demodulation reference. The recerver may
be able to unambiguously demodulate resource elements
modulated 1n 8/9QAM without {first determining the ampli-
tude levels of the modulation scheme. Demodulation refer-
ences are required for accurate amplitude demodulation, but
if the task 1s merely to determine whether a signal 1s positive,
negative, or zero, there may be no need for a calibration.
Most receivers are capable of demodulating QPSK, which
does not require a demodulation reference because the
amplitude 1s not a modulation parameter, and the phase 1s
readily recognized after synchronization. In the same way,
receivers may be able to demodulate 8/9QAM based on the
presence or absence of signal, and whether it has positive or
negative sign, regardless of the magnitude. Thus a recerver
capable of demodulating QPSK natively at 2 bits per mes-
sage element should be able to demodulate 8/9QAM or
8/9-state amplitude-phase modulation natively, for the same
reason.
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[0226] 8QAM carries 3 bits per message element, as does
the 8-state amplitude-phase modulation scheme. Higher
information density may be possible, even in diflicult noise/
interference environments, using asymmetric modulation.
For example, asymmetric modulation schemes that may be
advantageous include 3x4QAM and 5x3QAM. Alterna-
tively, 11 a large phase-noise tolerance 1s required, ampli-
tude-phase modulation schemes with 9 or 17 allowed states
are available, and which generally resist phase faults much
better than any QAM version, as detailed below.

[0227] FIG. 10B 1s a schematic showing an exemplary
embodiment of a polar plot of an 8PSK modulation scheme
plus a zero-power state, according to some embodiments. As
depicted 1n this non-limiting example, a modulation scheme
that mncludes 8PSK states 1011 plus a central zero-power
state 1018 can transmit over three bits of information per
message element, or two multiplexed feedback parameters
cach with +/0/- selectivity, without a prior amplitude cali-
bration. The 8PSK states 1011 are generally transmitted with
the same amplitude 1012 and with a phase separation of 45
degrees, while the central state has no power. An advantage
of this modulation scheme may be that it carries 50% more
information density than QPSK while still providing a
substantial phase margin. Another advantage may be that the
zero-power state can reveal external iterference, including
measuring the amplitude and phase of the interference 11 it
1s large enough.

[0228] Thus the base station can choose between a variety
of modulation schemes including quadrature amplitude
modulation with eight (FIG. 9B) or nine (FIG. 9A) states, or
multiplexed amplitude-phase modulation with eight or nine
states (FIG. 10A), or 8-state phase-shift keying plus a zero
power state (FIG. 10B), among others disclosed below.

[0229] When combined with an acknowledgement for
cach downlink message, the multiplexed incremental feed-
back disclosed above can keep the base station’s beams
aligned 1n realtime, for each user device individually, at an
insignificant cost compared with the message-heavy feed-
back protocols of the prior art.

[0230] FIG. 11A1s a constellation chart showing an exem-
plary embodiment of an asymmetric QAM modulation
scheme, according to some embodiments. As depicted in this
non-limiting example, an asymmetric 3x4QAM modulation
scheme 1ncludes 12 allowed states 1101 distributed across
three I-branch amplitudes (here +3, 0, -3 arbitrary units) and
tour Q-branch amplitudes (+3, +1, =1, =3 units). Guidelines
are shown dotted. The central cross shape represents zero
amplitude. The pattern has rectangular symmetry since a
180-degree rotation reproduces the pattern, but not square
symmetry because a 90-degree rotation does not. The
scheme provides almost 3.6 bits per message element.

[0231] The depicted modulation scheme may be advanta-
geous 1n applications wherein feedback selections are to be
communicated for two different parameters, all 1n a single
multiplexed message element. For example, the feedback
may include selecting one of three power levels (such as
increase, decrease, and stay the same), and selecting one of
four beam angles. Using the 3x4QAM arrangement of
states, the user device can specily its feedback request for
both beam parameters 1n a single resource element, accord-
ing to some embodiments.

[0232] FIG. 11B 1s a constellation chart showing an exem-
plary embodiment of another asymmetric QAM modulation
scheme, according to some embodiments. As depicted in this
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non-limiting example, an asymmetric 5x3QAM modulation
scheme with five I-branch amplitude levels (+3, +1.5, O,
—1.5, =3 units) 1s multiplexed with three Q-branch amplitude
levels (+3, 0, =3 units), generating 15 allowed states 1111.
This delivers 3.9 bits per message element, almost the same
as 16QAM, but tailored to a multiplexed feedback message
involving two different parameters with a one-oi-three selec-
tion multiplexed with a one-oi-five selection, in this
example.

[0233] As an alternative, the 5x3QAM scheme may be
provided by selecting just 15 states of a larger scheme, such
as 25QAM. The remaining ten states may be used for some
other purpose. An advantage of a one-of-five selection may
be that a feedback parameter can be specified with more
versatility than a one-of-three choice. For example, the five
options may represent a request of no change (0), a small
positive or negative change (x1.5), or a maximal positive or
negative change (x3). While these requests can be repre-
sented by a larger standard modulation scheme, such as
64QAM, the level spacing of 25QAM (and therefore the
noise margins) are generally larger than for 64QAM. Hence
the non-standard QAM modulation schemes disclosed here,
including with zero branch states, or a zero central state, or
odd numbers of predetermined branch amplitude levels, or
different numbers of levels in the two branches, may be
considered for particular applications requiring such ben-
efits.

[0234] FIG. 12A 1s a polar plot showing an exemplary
embodiment of an amplitude-phase modulation scheme with
9 states, according to some embodiments. As depicted 1n this
non-limiting example, an amplitude-phase modulation
scheme includes states that are both amplitude modulated
and phase modulated. There are no branches. In this
example, each allowed state 1246 1s amplitude modulated
according to non-zero levels 1242, 1243, 1244, 12435 as well
as a zero-amplitude state 1241. The phase modulation levels
are 0, 90, 180, 270 degrees (or alternatively, the same rotated
by 45 degrees). Each state 1246 1s separated from the other
equal-amplitude state by 180 degrees, as indicated at 1248.
In addition, each state i1s separated from the nearest equal-
phase state by two amplitude levels. In addition, each state
1s separated from other states by 90 degrees 1n phase plus
one amplitude level as indicated at 1247. Due to the rela-
tively large phase separations between states, the 9-state
amplitude-phase modulation scheme can provide a high
degree of phase-noise tolerance. In addition, the amplitude-
noise tolerance 1s also high, due to the multiple amplitude
levels between equal-phase states. The scheme provides
slightly over 3 bits per message element.

[0235] In some applications, the zero state 1241 may be
problematic since 1t contains no detectable signal. In those
applications, the remaining 8 states can be used instead,
thereby providing 3 bits per message element. In that case,
the central zero-power state may represent a special function
such as demarking the start and end of a message. Messages
modulated according to this amplitude-phase modulation
scheme can then be 24 as long as with QPSK, while
providing 2.4 times higher phase-noise 1mmunity than
16QAM due to the larger phase separation between states.
[0236] Wireless receivers that process QAM transmis-
s1ons can also process and demodulate messages modulated
according to the depicted amplitude-phase modulation
scheme using simple arithmetic. In one embodiment, the
receiver can receive the message as an OFDM symbol,
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extract each message element according to its subcarrier
frequency, extract the I and Q branches according to phase,
measure the branch amplitudes, and then calculate the
sum-signal amplitude and the sum-signal phase mathemati-
cally. For example, the sum-signal amplitude 1s the square
root of a sum of the squares of the branch amplitudes, and
the sum-signal phase 1s the arctangent of one branch ampli-
tude divided by the other. Hence the receiver can determine
the modulation state of each message element modulated 1n
O-state amplitude-phase modulation, by receiving and sig-
nal-processing according to orthogonal branch signals, and
then convert mathematically to the sum-signal amplitude
and sum-signal phase for demodulation, thereby obtaining
large noise margins 1n amplitude and phase.

[0237] FIG. 12B 1s a modulation table showing an exem-
plary embodiment of an amplitude-phase modulation
scheme with 9 states, according to some embodiments. As
depicted 1n this non-limiting example, the states 1256 (cor-
responding to the states 1246 of the previous example) are
now plotted 1n a modulation table with phase horizontally
and amplitude vertically. As mentioned, each state 1256 1s
separated from the nearest equal-amplitude state by 180
degrees as 1indicated at 1258, and from the nearest state 1n an
adjacent amplitude level by 90 degrees at 1257. The zero-
amplitude state 1251 1s arbitrarily placed at the 90-degree
position, although the phase of a zero-amplitude transmis-
sion 1s actually undefined. As mentioned, if a particular
application 1s mcompatible with the zero-amplitude state
1251, the user device can discard it or use 1t for special
purposes. Using only the other 8 states 1256, the user device
can then obtain an information density of 3 bits per message
clement, while retaining the superior phase-noise margins
and amplitude-noise margins of the amplitude-phase modu-
lation schemes.

[0238] FIG. 13A 1s a polar plot showing an exemplary
embodiment of an amplitude-phase modulation scheme with
1’7 states, according to some embodiments. As depicted 1n
this non-limiting example, the 17 states 1366 are distributed
on five amplitude levels 1361, 1362, 1363, 1364, and 1365,
and eight phase levels of 0, 45 degrees, 90 degrees, and so
forth. The central state 1361 has zero amplitude.

[0239] The 17-state amplitude-phase modulation scheme
has many advantages. One advantage may be that it can
provide over 4 bits per message element, thereby matching
16QAM, plus the central zero state 1361. Another advantage
may be that the phase separation 1368 of equal-amplitude
states 1s at least 90 degrees for every pair of equal-amplitude
states, thereby providing wide phase-noise margins. Another
advantage may be that the amplitude separation of all
equal-phase states 1s two amplitude levels (except for the
zero state 1361, which has undefined phase), which thereby
provides additional amplitude-noise margins. Another
advantage may be that the phase separation of any two states
that differ 1n amplitude by one level 1s at least 45 degrees as
indicated 1367. Another advantage may be that the zero-
amplitude state 1361 can provide a measure of the back-
ground noise whenever it occurs 1 a message, which can
thereby enhance message reliability and noise compensa-
tion. Hence the modulation scheme can provide information
density that at least equals 16QAM, while also providing
superior amplitude noise margins and superior phase noise
margins, at negligible cost.

[0240] As mentioned, transmitters can employ the
depicted amplitude-phase modulation scheme for transmis-
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sion, and receivers can process the received signal by
separating orthogonal I and Q branches as usual. The
receivers can then demodulate the signals according to the
amplitude-phase modulation scheme by calculating the sum-
signal amplitude (square root of sum of the two branch
amplitudes squared) and the sum-signal phase (arctangent of
the Q amplitude divided by the I amplitude), and can thereby
recover the high noise margins, 1n both amplitude and phase,
at no cost other than the simple sum-signal calculations
listed.

[0241] FIG. 13B 1s a modulation table showing an exem-
plary embodiment of an amplitude-phase modulation
scheme with 17 states, according to some embodiments. As
depicted 1n this non-limiting example, the states 1376 of an
amplitude-phase modulation scheme correspond to the
states of the previous example, but now plotted with phase
horizontal and amplitude vertical. The zero-amplitude state
1371 1s arbitrarily plotted at a phase of 45 degrees. The
phase separation between all equal-amplitude states 1s 90
degrees as 1indicated 1378, and the phase separation between
states diflering by one amplitude level 1s 45 degrees as
shown 1377. The amplitude difference between two equal-
phase states 1s two amplitude levels, as indicated 1379.
Hence the amplitude-phase modulation scheme can be
expected to provide noise margins substantially superior to
those of 16QAM, while at least matching the message

throughput of 16QQAM.

10242]

[0243] Due to the many competing parameters and the
many available modulation schemes, the base station may
employ an Al model to assist in determiming whether
conditions warrant changing modulation schemes for com-
municating with a particular user device, and which modu-
lation scheme to switch to. Examples below illustrate such
an Al model.

[0244] FIG. 14 A 1s a chart showing an exemplary embodi-
ment of an Al model configured to select a modulation
scheme, according to some embodiments. As depicted 1n this
non-limiting embodiment, the Al model can take various
network conditions and user requests as input, and provide
as output a recommendation of a more suitable modulation
scheme.

[0245] At 1401 the base station (or other network entity)
provides various mput parameters to an Al model tasked
with selecting a preferred modulation scheme. The nputs
may include data about available modulation schemes such
as 8/9QAM, 8/9-state amplitude-phase modulation, asym-
metric schemes and schemes with odd numbers of prede-
termined modulation levels, and schemes with a zero-power
state or a zero-power branch, among others. The inputs may
include data about the user device such as the QoS required,
the current signal quality of downlink messages, rates of
various fault types, delays experienced by the user device,
capabilities of user devices, among others. The inputs may
include data about the network operations such as the
current traflic 1n messages or bits per second, number of
current active users, interference and error rates, among
others.

[0246] At 1402, the Al model digests the mput data
according to certain internal functions and adjustable vari-
ables, which have been tuned using abundant prior network
data, continuing until the AI model can provide usetul output
recommendations.

Al for Modulation Management
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[0247] At 1403, the Al model specifies a preferred modu-
lation scheme. The Al model may know what the current
modulation scheme i1s, and then may suggest diflerences
between the preferred and current schemes, such as increas-
ing the phase margins or decreasing the number of amplitude
levels, for example. Alternatively, the Al model may be
unaware ol the current modulation scheme, and then may
provide the recommendations without prejudice. The out-
puts may also recommend changing from a QAM modula-
tion scheme to an amplitude-phase “A-P” modulation
scheme, for additional phase margins to combat frequent
phase faults, or to change to an asymmetric modulation
scheme with a different number of amplitude levels and
phase levels, or to switch to a higher modulation level to
increase throughput 1f the current interference level 1s low.
For increased versatility, the Al model may recommend a
modulation scheme with states having one zero-amplitude
branch, or a state with zero power. These states may be used

for message encoding, or special uses such as demarking the
start and end of each message.

[0248] FIG. 14B 1s a flowchart showing an exemplary
embodiment of a method for selecting a modulation scheme
using Al, according to some embodiments. As depicted in

this non-limiting example, a base station uses an Al model
to select a new modulation scheme based on feedback from

a user device and network conditions.

[0249] At 1411, the base station receives a feedback
message that indicates which test signal, of a plurality of
downlink test signals, provides the best signal quality. The
teedback message also indicates whether the user device
requests additional transmission power or less transmission
power, among other things. At 1412, 1f not sooner, the base
station measures one or more network operation parameters
such as the current throughput and fault rate, average delay
or latency per message, and optionally certain detailed
performance criteria such as whether faults are primarily
phase faults or amplitude faults. The base station also checks
the QoS requested by this user device, and especially notes
whether that required QoS 1s not being fulfilled.

[0250] At 1413, the base station (or core network or other
network asset) provides the user data and current conditions
data to an Al model trained on network performance data,
taken with various network conditions and modulation
schemes. The base station then operates the Al model at
1414 to select a preferred modulation scheme. If the pre-
terred modulation scheme 1s the same one currently 1n use
for this user device, then the flow returns to the beginning as
indicated by a dashed arrow. In this example, however, 1t 1s
assumed that the preferred modulation scheme 1s different
from the one currently 1n use, so a change may be recom-
mended.

[0251] At 1415, the base station also evaluates the costs
and benefits of changing the modulation scheme. The base
station may operate the same Al model, or a diflerent Al
model, or an algorithm that may or may not be derived from
Al, to estimate the costs of changing the modulation scheme
from the current modulation scheme to the preferred modu-
lation scheme. The costs may be calculated for this particu-
lar user device or for the entire network to make the change.
The cost may be evaluated according to the extra messaging
required to mform the user device of the change, the
interruption and delay introduced to the user device by such
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a change, as well as the intended beneficial consequences of
making the modulation change. Some of these may be
estimates.

[0252] At 1416, the base station determines whether the
benefit of making the change 1s greater than the cost, and 1
so, at 1417 the base station informs the user device, and then
(after receiving an acknowledgement) the base station and
user device make the change 1n modulation scheme at the
same time. The tlow then returns to the beginning.

[0253] Optionally, 1n dash at 1418, the base station can
determine whether the user device has requested an increase
or decrease in transmission power, to bring the received
signal quality into agreement with a predetermined range. If
so, and 1f the base station changes the modulation scheme,
then the base station may decide that the new modulation
scheme 1s sufliciently eflective that the transmission power
can be reduced, instead of increased. Therefore the method
shows, at 1419, the base station adjusting the power (or other
transmission parameter) up or down according to the prop-

erties of the new modulation scheme, calculated to provide
the QoS level that the user device has requested, but with the

new modulation scheme.

[0254] Imitial Access Feedback

[0255] The following examples show how a base station
can align 1ts beam toward a newly arriving user device, as
carly 1n the 1nitial access process as possible. For example,
the SSB (synchronization signal block) message may be
transmitted once 1sotropically instead of multiple times at
different directions, but with a set of embedded test signals,
cach test signal transmitted 1n a different direction. The user
device can determine which test signal 1s best received, and
then communicate that choice to the base station later, such
as during the random access preamble or one of the mitial
access messages, for example.

[0256] FIG. 15A 1s a schematic showing an exemplary
embodiment of a system information message including
multiple angular transmissions, according to some embodi-
ments. As depicted 1n this non-limiting example, a synchro-
nization signal block SSB message 1500 includes a primary
synchronization signal PSS, a secondary synchronization
signal SSS, and a distributed physical broadcast channel
PBCH message. The SSB occupies 4 symbol-times across
240 subcarriers totaling 3.6 MHz bandwidth at the lowest
numerology, or 960 resource elements including some unas-
signed areas. In contrast, prior-art access procedures call for
the SSB to be transmitted numerous times in different
directions, which consumes huge amounts of bandwidth and
transmission poOwer.

[0257] Advantageously, the depicted SSB message 1is
transmitted just once, 1sotropically, per 20 msec interval.
Prospective user devices can receive 1t from positions all
around the base station. For localization, the depicted SSB
includes a number of test signals 1n one of the unassigned
regions 1501, each test signal transmitted in a different
direction. For example, the test signals can be inserted 1n the
first 56 resource elements of the first symbol-time. Those
resource elements are unassigned and therefore do not
overlap with the primary synchronization signal or other
parts ol the SSB. The test signals thereby enable the user
device to determine 1ts direction relative to the base station
based on the received amplitude or power of the test signals.
It 1s not necessary to pre-calibrate the amplitude scale
because the measurements are relative. It 1s not necessary to
pre-synchronize with the base station because the best
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direction should be clearly revealed in the amplitude of the
raw wavelorm (and 1n the sum-signal, 1f analyzed according,
to orthogonal branches). It 1s not necessary for the user
device to have a beamforming capability since 1t 1s merely
determining the amplitude of a received signal (although
user devices with beamforming can adjust their transmission
beams according to the angle of the best-received test signal,
without further cost).

[0258] In addition, the latitude and longitude of the base
station may also be added to a second unassigned region
1502, for further localization. Thus the prospective user
device can obtain the SSB information, and also determine
the optimal downlink beam direction, by measuring which
of the test signals 1501 provides the best signal quality. The
user device can then indicate that preference 1n a feedback
message, which may be added to one of the 1nitial access
messages. The base station can then transmit to the user
device using a directed beam thereaftter.

[0259] In some embodiments, the 36 test signals are
transmitted 1n 56 narrow transmission beams, each beam 6.4
degrees wide, thereby enabling the user device to specily 1ts
angle within 6.4 degrees all around the 360 degree circle. In
another embodiment, each beam can be 8.5 degrees wide,
overlapping each of the neighboring beams by 2.1 degrees.
Then the user device can specily in the feedback message
whether the best-received signal was 1 one of the test
signals or in a pair of adjacent test signals, thereby indicating
whether the user device 1s located 1n a region dominated by
one of the directed beams or 1n an overlap region. The user
device can thereby indicate 1ts location within about 2.1 or
2.2 degrees. Such finesse may be needed in future high-
density, high-frequency environments to minimize back-
ground generation and unwanted interference. Determining
the downlink beam with high precision early in the mnitial
access process, such as upon the first message, may thereby
enable eflicient use of the available spectrum.

[0260] In summary, the prior-art SSB message 1s generally
transmitted many times in different directions, whereas the
disclosed method has the SSB transmitted only once per
cycle, and includes numerous test signals in the SSB for
directionality. The SSB (other than the test signals) 1is
broadcast 1sotropically, and each test signal 1s transmitted
directionally, in a different direction. Thus the simplified
SSB scheme accomplishes user localization, with vastly less
transmitted power and resource usage than the prior scheme.

[0261] The figure also shows several identical signals
1503, transmitted time-spanning after the SSB 1500 1n a
single subcarrier, such as the first subcarrier of the SSB. The
identical signals 1503 are all transmitted 1sotropically, in this
example, at the same frequency and power. User devices that
have a beamforming capability can then align their reception
beam toward the base station by varying their reception
beams during the identical signals 1503, and can thereby
find the best reception beam angle.

[0262] An advantage of providing the beam test signals
1501 1n the SSB 1500 may be that the prospective user
device can determine the optimal beam angle for reception,
before making contact with the base station, by measuring,
amplitudes of the received test signals 1501 with various
reception beam directions. Another advantage may be that
the user device may be able to select the best test signal 1501
without a prior demodulation reference, since the user
device can measure the amplitude or signal quality of the
raw signals without demodulating them and prior to syn-
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chronization. Another advantage may be that the user device
can transmit a feedback message later during the 1nitial
access messaging sequence, indicating which of the test
signals was best received. Another advantage may be that
the SSB can be broadcast omnidirectionally (except for the
test signals), and hence can be transmitted just once per
cycle.

[0263] There may no longer be a need to use up large
amounts of bandwidth and power by transmitting the entire
SSB sequentially 1n multiple directions. For example, the
user device can determine the beam selection, according to
the best-received test signal, and can indicate so to the base
station 1n a feedback message, or by another code embedded
in or appended to the RACH preamble, or appended to one
of the other 1nitial access messages, or some other uplink
message following the initial access procedure. Optionally,
the feedback may also include a power adjustment request
based on the amplitude of the best-received test signal 1501,
which may further streamline the initial access procedure.

[0264] After receiving the SSB, the user device with
beamiorming capability can detect several uniform signals
1503 following the SSB, 1n this case time-spanning, while
varying the reception beam direction or width. Thus the user
device can determine the direction toward the base station
for 1ts own use.

[0265] As another alternative, the base station may use a
formula or table to transmit each test signal 1501 1n a
predetermined direction, and the user device may know that
relationship. Then the user device can determine the direc-
tion of the base station, relative to the user device, by adding
or subtracting 180 degrees to the angle of the best-received
test signal, and thereby determine the direction toward the
base station for uplink messages.

[0266] As a further alternative, the base station can trans-
mit a location message to the user device after receiving a
feedback message, the location message indicating to the
user device the direction corresponding to the selected test
signal 1501. The user device can then direct its uplink
transmission and downlink reception beams 1n that direction
plus 180 degrees.

[0267] FIG. 15B 1s a flowchart showing an exemplary
embodiment of a procedure for aligning beams prior to
initial access, according to some embodiments. As depicted
in this non-limiting example, a user device can determine 1ts
direction relative to the base station based on test signals 1n
the SSB message, and then transmit a feedback message
concatenated with the random access preamble.

[0268] At 1511, the user device recerves the SSB message
ol a base station, and at 1512 measures the amplitude or
received power or signal quality of each test signal embed-
ded in the SSB. The user device then receives an SIBI
message 1513, and at 1514 transmits a random access
preamble followed by a feedback message to the base
station. The feedback message may be modulated in a
modulation scheme, such as 8QAM or 9-state amplitude-
phase modulation, that does not require a prior amplitude
calibration. Alternatively, the feedback message may be
transmitted with the same modulation and timing as the
preamble. In either case, the feedback message indicates
which of the test signals provided the best signal quality, and
thereby 1ndicates to the base station which beam direction to
use 1n communicating with the user device.
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[0269] Optionally, at 1515, the user device can also 1ndi-
cate 1n the feedback message when two of the test signals
provided similar high signal quality, and can thereby obtain
improved angular resolution.

[0270] As a further option, the user device, after deter-
mimng the angle toward the base station according to the test
signals in the first symbol-time of the SSB message, may
then be able to receive the remaining symbols of the SSB
using a reception beam aimed at the base station, and
thereby obtain substantially better signal and noise during
the important PBCH and SSS portions of the SSB message.
The user device can then obtain the same advantages while
receiving the SIB1 system information message and other
system 1nformation messages, even before logging on to the
network.

[0271] If the user device does not have beamiforming
capability at 1516, the task 1s done at 1517. However, 11 the
user device does have beamiorming capability, and 1if the
SSB message 1s followed by some 1dentical signals, the user
device can measure 1518 those identical signals using
various reception beams, and thereby determine which beam
angle the user device can use for communicating with the
base station.

[0272] As a further option, the user device can determine,
according to which test signal 1s best received, an angle from
the user device toward the base station. This relies on the
user device knowing which test signal 1s transmitted in
which direction. For example, a formula may relate the
subcarrier of each test signal with the direction 1t 1s trans-
mitted 1. Then the user device can add or subtract 180
degrees to the angle of the best-received test signal, and
thereby determine the direction of the base station.

[0273] FIG. 15C 1s a schematic showing another exem-
plary embodiment of a system imnformation message includ-
ing multiple angular transmissions, according to some
embodiments. As depicted 1n this non-limiting example, a
modified SSB 1520 spans 5 or 6 symbol-times with a
bandwidth of about 1.9 MHz, substantially smaller than the
configuration of the previous example. The last symbol-time
includes a large number of separately-aimed test signals
1521 for beam alignment, along with the latitude and
longitude of the base station. Optionally (not shown) the
SSB 1520 can include further PBCH data or other data that

the user device may need 1n one of the extra symbol-times.

[0274] As a further option, the base station may transmait
the test signals first, 1n a special symbol before the PSS. The
user device could then align 1ts reception beam toward the
base station for receiving the remaining symbols of the SSB.

[0275] As a further option, the base station may transmit
the test signals on the PBCH periodically, 1n a symbol-time
not connected to the SSB transmissions. The user device can
then detect the test signals, determine the direction toward
the base station, and then use a corresponding reception
beam for improved reception of the subsequent SSB and
other system information messages, before making contact.

[0276] The user device can measure the amplitudes of the
various test signals 1521 as-received, and can then indicate
the favored beam direction in one of the imtial access
messages, such as the preamble or the MsgA of a two-step
procedure. As mentioned, the test signals 1521, covering
multiple angles around 360 degrees, may thereby enable the
base station to use the optimal downlink beam angle right
from the beginning of the mitial access procedure. Also, 1f
the user device already knows which angle corresponds to
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which of the test signals, relative to geographical north, and
also has an electronic compass or the like, then the user
device may transmit the preamble and other initial access
messages toward the base station 1 a directional uplink
beam, further improving the access process.

[0277] The following examples show how feedback can
be mcorporated 1n the uplink and downlink messages of an
initial access procedure.

[0278] FIG. 16A 1s a schematic showing an exemplary
embodiment of messages for initial access, according to
some embodiments. As depicted i this non-limiting
example, a new user seeking entry into the cell of a base
station can mitiate the entry process by first finding and
receiving the SSB system information message broadcast by
the base station. In the prior art, the base station transmaits the
SSB message multiple times 1n a variety of directions, each
transmission including a sequence code. The user device
determines which SSB transmission results 1n the best signal
strength, and then indicates the associated sequence code
during initiation, thereby imnforming the base station of the
favored downlink beam for that user device. However, this
requires that the base station consume a large amount of
resources to transmit the heavy SSB message (960 resource
clements) multiple times 1n multiple directions. The
example discloses a far more economical procedure for
accomplishing the same task.

[0279] In this example, the base station broadcasts the
SSB message omni-directionally, instead of multiple copies
in various directions. The test signals of the previous
example are not used i this example. Instead, in this
example, the user devices determines the downlink beam
direction using feedback during the initial access messages.
The mitial access tasks are listed on the left, and possible
message formats are shown for each action on the right. The
SSB and SIB1 are assumed to have been transmitted omni-
directionally (without the test signals of the previous
example) and have been received by the user device. The
user device than seeks beam alignment during the access
message process as follows.

[0280] At 1601, the user device transmits a random-access
preamble 1606 on the random-access channel, which the
base station receives. Optionally, the user device can append
an alignment request 1607 to the preamble 1606. Preferably
the alignment request 1607 1s modulated in a modulation
scheme that permits ready demodulation without a demodu-
lation reference, such as 9QAM.

[0281] At 1602, the base station transmits a random access
response (RAR) 1608 message on the PDSCH, plus some
number of trailing test signals 1609. (Here and elsewhere,
blank resource eclements are represented by half-height
boxes.) The test signals 1609 are configured as short-form
single-element demodulation references 1n this example, and
are transmitted 1 four different directions spaced by 90
degrees, as indicated by 0,, etc. The user device then
receives the test signals 1609 and determines which one

provides the best reception. At 1603, the user device trans-
mits “Msg3” 1611 of the RACH sequence on PUSCH,

followed by feedback “ib” 1612, which in this example
includes a beam selection indicating which of the four test

signals 1609 was best received. The feedback 1612 includes

suflicient bits to specily the favored beam from among the
test signals 1609. Optionally, the feedback 1612 may further
include bits indicating which overlapping regions are also
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received. Indicating the overlap regions may provide
improved angular resolution, as described later 1n the dis-
closure.

[0282] At 1604, the base station transmits “Msg4” 1614
on PDSCH, followed by three more test signals 1615, 1616,
1617. The message 1614 and one of the test signals 1615 are
transmitted in the previously-selected beam direction 0. In
addition, further test signals are transmitted at incrementally
higher and lower angles 0+ and 0- labeled 1616, 1617. The
user device can then transmit a multiplexed acknowledge-
ment on PUCCH, with feedback at 1605 including the
ACK/NACK multiplexed with an optional scheduling
request SR 1618, followed by a feedback selection 1619
indicating both power and beam direction feedback. Thus
the user device has selected a rough beam direction, fine-
tuned that beam direction, and requested a power adjust-
ment, at the expense of just 8 or 9 resource elements beyond
those required for prior-art access procedures. More 1impor-
tantly, the network has eliminated many thousands of unnec-
essary resource element transmissions ol redundant direc-
tional copies of the SSB message, since the directional
information 1s now supplied by test signals and feedback
messages appended to the other access messages, at negli-
gible resource cost.

[0283] FIG. 16B 1s a schematic showing an exemplary
embodiment of messages for a user-initiated beam and
power adjustment procedure, according to some embodi-
ments. As depicted in this non-limiting example, a user
device can request a beam and power adjustment service
from the base station. In a first embodiment, the request, the
beam test signals, and the feedback message are all trans-
mitted grant-free on a contention-based channel, such as the
random access channel or another channel allocated for
grant-free transmissions. In a second embodiment, the user
device can transmit a scheduling request, obtain an uplink
grant, and then use that grant for the alignment request
instead of a BSR message. In a third embodiment, the user
device can transmit a scheduling request, get a BSR grant,
transmit a BSR on the BSR grant, receive a message grant,
and then transmit the alignment request message using the
message grant. In a fourth embodiment, the user device can
transmit the alignment request instead of the scheduling
request, and the base station can then reply with a grant that
includes three test signals aimed at three different directions,
from which the user device can select the best reception, and
can transmit the multiplexed power and beam feedback
message on the resources provided by the grant. In the
depicted example, the first embodiment 1s assumed, and
communications are bidirectional TDD on the contention
channel, in which each message may be time-spanning or
frequency-spanning.

[0284] For the contention-based version, at 1631 a user
device can transmit an alignment request or “ping request”
on the contention channel. The depicted ping request here
includes the C-RN'TT identification 1635 of the user device,
optionally preceded by a demodulation reference “ret” 1634.
The ping request may be preceded and followed by silent
resource clements as shown, to demark the message and
enable a measure of interference.

[0285] At 1632, the base station transmits an alignment
message “‘ping” consisting of three test signals, configured
as demodulation references 1636, 1638, 1639 transmitted at
three angles. In this example, the angles are, first, the current
beam direction previously established for downlink mes-
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sages to the user device, followed by the same plus and
minus angular increments, that 1s, two beams incrementally
lett and right of the first direction. The alignment message
may be transmitted frequency-spanning (1n one symbol-
time) or time-spanning (on multiple symbol-times) depend-
ing on the capabilities of the base station. The alignment
message 1s transmitted on the contention channel i this
case, but 1n other embodiments it may be transmitted 1n
downlink scheduled intervals, as mentioned. If the align-
ment message 1s to be transmitted at a pre-arranged interval
following the request message, then the user device may be
expecting the three test signals 1636, 1638, 1639 at that
time. On the other hand, 1f there 1s no pre-arranged trans-
mission time (or if the alignment message 1s delayed by
cross traflic, for example), then the base station can transmit
the alignment message at a later time along with the C-RNTI
1637 of the user device. Thus the user device can get the
ping and test signals as soon as the channel 1s clear.

[0286] At 1633, the user device can reply, after a pre-
arranged delay, with a multiplexed acknowledgement that
also includes an SR scheduling request i1 desired, along with
power and beam angle feedback 1640, 1641 as previously
described. Alternatively, also shown, the user device can
transmit 1ts feedback data 1648, 1649 along with 1ts 1den-
tification code 1647 at a later time, 11 the reply 1s delayed by
cross-trailic or other delay. If necessary, the user device can
also include a demodulation reference 1646.

[0287] As an option, the user device may submit the
alignment request on the contention-based channel, and then
receive the alignment message of three test signals on
another channel such as the PDCCH or PDSCH. The user
device can then transmit the feedback message on the
PUSCH or PUCCH, or 1t can continue transmitting on the

contention channel, depending on the capabilities of the user
device.

[0288] Thus the user device can provide feedback on
power and beams whenever the received signal quality drops
below a predetermined threshold, at a cost of just a few
resource elements.

[0289] FIG. 17A 1s a schematic showing an exemplary
embodiment of messages for 1nitial access with user beam
alignment, according to some embodiments. As depicted 1n
this non-limiting example, a user device that has beamiorm-
ing capability provides test signals during an initial access
procedure and the base station provides feedback, so that the
user device can align 1ts transmission and reception beam
toward the base station. This 1s opposite to the case of FIG.
16A 1n which the base station provided the test signals and
the user device sent the feedback message.

[0290] At 1751, the user device transmits a random access
preamble 1756 on the random access channel, followed by
four overlapping beam signals at various angles preferably
covering 360 degrees. In some cases, the user device may
not be able to transmit multiple beams in different directions
at the same time. In that case, the user device can transmit
the preamble 1756 frequency-spanning as usual, and then
switch to time-spanning for transmission of the test signals
1757 sequentially. That 1s, the preamble 1756 may be
transmitted 1n a single symbol-time, while the test signals
1757 may be transmitted 1n sequential symbol-times. The
switch from {requency-spanning to time-spanning, 1f
needed, 1s indicated by a gap 1758.

[0291] The test signals 1757 are wide-beam transmissions
in this case, each beam spanning 135-degrees, spaced at 90
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degrees around the full circle. Thus the wide beams are
overlapped with neighboring beams, with 45-degree overlap
regions overlapping each neighboring beam. The four beams
thereby define 8 sections (“octants™) covering 360 degrees,
cach octant being 1dentified by which beam or beam-pair 1s
best received. The user device can determine its octant by
measuring the amplitude or signal quality from each of the
four test signals 1757, as described in more detail below.

[0292] At 1752, the base station transmits the RAR (ran-
dom access response) message 1759 followed by a feedback
message 1760. The feedback message 1760 may occupy a
single resource element, and may be modulated to indicate
which of the eight (beam or beam-pair) sections provides the
best signal quality or amplitude. For example, 8QAM or
9QAM can provide the necessary bits 1n a single resource
clement, without the need for absolute amplitude calibration.
Alternatively, the feedback message may be transmitted
using the 8-state or 9-state amplitude-phase modulation
scheme 1nstead, thereby obtaining improved noise margins
at no additional cost.

[0293] At 1753, the user device transmits a “Msg3” 1761
message on the PUSCH channel, followed by three fine-
tuning test signals 1762, directed at three different angles
within the selected quadrant or octant as determined by the
previous feedback message. For example, each test signal
may be transmitted with a beam width of 15 degrees,
arranged to fill the octant that was selected 1n the previous
step, thereby enabling the base station to select the best
beam direction with a resolution of 15 degrees (or 7.5
degrees 1f the overlap regions are also counted). The three
test signals 1762 may be transmitted frequency-spanning or
time-spanmng, depending on the user device’s antenna
capabilities.

[0294] At 1754, the base station receives the test signals
1762, determines which one, or which pair, provides the best
signal, and transmits “Msg4” 1764 along with a feedback
message 17635 on the PDSCH channel. The feedback 1765 in
this case 1s an incremental power adjustment request, mul-
tiplexed with a beam selection among the fine-tuning test
signals 1762, as discussed above.

[0295] At 1755, the user device transmits an acknowl-
edgement multiplexed with a scheduling request 1768 on the
PUCCH. Thus the user device has enabled the base station
to adjust the downlink beam direction and fine-tune 1t, and
has also provided incremental feedback regarding the trans-
mission power using the final downlink beam configuration,
and has also submitted a scheduling request if desired, with
mimmal expense of resources.

[0296] FIG. 17B i1s a schematic showing an exemplary
embodiment of messages for a base-mitiated beam and
power adjustment procedure, according to some embodi-
ments. As depicted 1n this non-limiting example, a base
station can provide beam test signals along with a grant, and
the user device can respond with a multiplexed feedback at
the granted time.

[0297] At 1771, the base station determines that the down-
link beam to the user device needs to be refreshed, and
therefore transmits a PDCCH message 1774 which 1n this
case mncludes the 1dentification of the user device and a grant
tor the user device to reply. The message 1774 also includes
a leading beam test signal 1773 which may be a short-form
single-element demodulation reference, and two trailing
beam test signals at incremental angles relative to the
leading signal 1773.
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[0298] At 1772, the user device can respond by transmiut-
ting an acknowledgement including multiplexed feedback
on the PUCCH. In one version, the acknowledgement
includes a multiplexed ACK/NACK with a SR request 1775,
followed by a power and beam adjustment request 1776
based on the beam test signals 1773.

[0299] In another version, also shown, the user device

includes an optional demodulation reference 1777 and/or an
identification code C-RNTI 1778 with the acknowledge-

ment/SR feedback 1779 and the power/beams feedback
1780, to indicate which user 1s involved, or other informa-
tion such as a requested change in the modulation and
coding scheme for example.

[0300] In summary, the examples show how a user device
can assist the base station 1n aligning the base station’s beam
using test signals embedded 1n the SSB message or added to
vartous RACH messages, or subsequently provided as part
ol a ping procedure 1nitiated by either the user device or the
base station, resulting 1n rapid and eflicient alignment very
carly in the access procedure, with low to negligible costs 1n
resources and transmitted energy.

[0301] Directionality Beams

[0302] The following examples show how beams can be
configured 1n various directions to define angular sectors
ciliciently.

[0303] FIG. 18A i1s a schematic showing an exemplary
embodiment of three angular regions, according to some
embodiments. As depicted 1n this non-limiting example, a
base station can transmit three test signals 1n three directions
separated by 120 degrees, and can thereby reach user
devices 1n each section 1801 within an angular zone 1802.
The user devices can then respond with a feedback message,
indicating which beam test signal was best received. The
teedback may be a multiplexed ACK/SR/power/beam feed-
back message indicating which of the sections 1801 pro-
vided the best signal quality, as discussed. The base station
can then transmit further downlink messages to the user
device 1n the selected section 1801.

[0304] FIG. 18B i1s a schematic showing an exemplary
embodiment of three wide-angle beams, according to some
embodiments. As depicted 1n this non-limiting example, a
beam profile 1811 approximately matches the 120-degree
section 1801 of the previous example. The base station 1815
can configure 1ts antenna according to one of the beam
profiles 1811, and can thereby deliver messages to user
devices encompassed by the selected section 1811.

[0305] FIG. 18C i1s a schematic showing an exemplary
embodiment of six regions defined by three overlapping
beams, according to some embodiments. As depicted 1n this
non-limiting example, six sections 1821, 1822 are indicated,
cach section 1821, 1822 spanning 60 degrees, yet they can
be i1dentified using just three transmission beams. Each
transmission beam 1s 180 degrees wide, as indicated 1823.
Hence there are three overlap regions 1822 in which two of
the beams overlap, and three non-overlap regions 1821 in
which one beam predominates. The user device measures
three test signals, one for each of the wide beams, and
thereby determines whether the best reception 1s obtained on
just one of the test signals or on two of the test signals with
nearly equal amplitude.

[0306] Thus the user device determines whether one of the
three 180-degree-wide beams 1s received with highest signal
quality, or whether two of the beams provide roughly
comparable high signal quality. The sections 1n stipple 1822
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represent overlap regions 1n which two of the beams provide
similar high signal quality, whereas the undecorated sections
1821 represent regions in which only one of the three beams
prevails. The user device can then indicate, in a feedback
message that includes at least 6 options, which of the
sections 1821, 1822 provided the best signal quality, and can
thereby determine the correct downlink angle within 60
degrees.

[0307] FIG. 18D 1s a schematic showing an exemplary
embodiment of three partially-overlapping beams that define
51X regions, according to some embodiments. As depicted 1n
this non-limiting example, three 180-degree-wide transmis-
sion beams 1833 (shown 1n three different line types for
clarity) are transmitted by a base station 1835 in three
sequential resource elements. A user device can receive the
transmission beams 1833 and measure the signal quality for
cach beam. The user device can then determine which
section 1t occupies. The location determination 1s based on
which of the beams or beam pairs provides the best signal
quality as-recerved. For example, 11 the user device 1s 1n a
first section 1831, it will determine that the first transmitted
beam provides the best beam quality, and the other two
beams provide much lower beam quality or none at all. If,
however, the user device 1s 1n an overlap section 1832, the
user device will determine that two of the beams provide
high and comparable signal quality. The user device can then
transmit a feedback signal indicating which of six sections
the user device 1s 1n, based on the signal quality measure-
ments. Thus with three partially-overlapping wide beams,
the user device can determine the optimal beam direction
within 60 degrees.

[0308] FIG. 19A 1s a schematic showing an exemplary
embodiment of eight regions defined by four overlapping
beams, according to some embodiments. As depicted 1n this
non-limiting example, eight octant sections 1901, 1902,
1903 are cach 45 degrees wide. The sections are generated
by four overlapping transmission beams each 135 degrees
wide, as indicated by curvy arrows 1904. A user device can
determine which section it 1s 1n, by measuring the signal
quality for each of the four transmission beams 1904. I1 the
user device determines that one of the four beams produces
a signal quality substantially above all the other beams, then
the user device can determine which of the non-overlapping
sections 1901 1t 1s 1n, labeled as 0, etc. However, 1f the user
device determines that two of the beams have similar high
signal quality, then the user device 1s 1n one of the stippled
overlap sections 1902 labeled as 0,+0,, etc. Thus with just
tour shaped partially-overlapping transmission beams, the
user device can determine 1ts direction within 45 degrees.

[0309] FIG. 19B 1s a schematic showing an exemplary
embodiment of four partially-overlapping beams that define
eight angular regions around a base station 1915, according
to some embodiments. As depicted i1n this non-limiting
example, four shaped 135-degree-wide transmission beams
1914 are shown partially overlapping by 45 degrees (each
beam 1s drawn 1n a different line type, for clarity). The beams
1914 produce both overlapping 1912 and non-overlapping
1911 regions, thereby generating the eight sections of the
previous figure. The user device can thereby indicate
whether a single test signal provided the best signal quality,
or two adjacent beams provided similar high signal quality,
and thereby determine its angle to within about 45 degrees.

[0310] FIG. 19C i1s a schematic showing an exemplary
embodiment of seven angular regions defined by partially
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overlapping narrow beams, according to some embodi-
ments. As depicted in this non-limiting example, a user
device determines that 1t 1s 1n the octant section marked 1902
or 1912 of the previous examples. The user device then
receives four additional partially-overlapping beams which
define seven sub-sections 1921, 1922. The seven sub-sec-
tions 1nclude four non-overlapping sub-sections 1921, alter-
nating with overlapping (stippled) sub-sections 1922. A user
device 1 one of the non-overlapping sub-sections 1921
determines that the best signal quality corresponds to one of
the beams, whereas a user device 1 one of the overlapping
sub-sections 1922 determines that two of the beams provide
about the same high signal quality. Therefore, the user
device can determine which sub-section it 1s 1n by compar-
ing the signal quality for each of the four beams, and
determining whether the signal quality for one of them 1is
substantially better than any of the other beams, and 1t not,
which two of the partially-overlapping beams provide about
the same high signal quality. The user device can thereby
determine 1ts sub-section, with an angular resolution of
about 6 or 7 degrees in this case.

[0311] FIG. 19D i1s a schematic showing an exemplary
embodiment of four partially-overlapping beams, according
to some embodiments. As depicted in this non-limiting
example, four 19-degree partially-overlapping transmission
beams 1931 are configured to produce regions wherein the
signal 1s dominated by one of the beams, alternating with
regions wherein two of the beams produce about equal
signals. Hence a user device can measure the signal quality
for each of four test signals, determine whether high signal
quality 1s provided in just one of the test signals, or whether
two of the test signals provide comparable high signal
quality. The user device can thereby indicate which sub-
section 1t 15 1n.

[0312] FIG. 20A 1s a schematic showing an exemplary
embodiment of a message with multiple beam-test signals
transmitted 1n different directions, according to some
embodiments. As depicted 1n this non-limiting example, a
message 2041 may include, 1n this case, four test signals
2042, such as demodulation references, transmitted in vari-
ous directions, as indicated by 0, etc. For example, the
various beams 1914 as in FIG. 19B, or the narrower fine-
tuning beams 1931 as m FIG. 19D, may be used {for
transmitting the test signals 2042. The user device can then
indicate which of the beams, or their overlap regions,
provides the best signal quality. In the depicted embodiment,
the four test signals 2042 are provided at the end of the
message 2041. In another embodiment, one or two of the test
signals 2042 may be placed before the message 2041. One
of the test signals 2042 may be transmitted i1n the same
transmission beam as the message 2041 and therefore can be
used for calibrating the modulation levels and demodulating
the message. The other test signals 2042 can serve as
phase-tracking references, for enhanced phase-noise rejec-
tion.

[0313] FIG. 20B 1s a constellation chart showing an exem-
plary embodiment of a feedback procedure to select one of
eight angular directions, according to some embodiments.
As depicted 1n this non-limiting example, eight states 2051
of 8QAM are shown. Each state 2051 can represent one of
the sections of FIG. 19A, or one of the subsections of FIG.

19C, and can thereby enable the user device to select the
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beam direction or overlap that provides the best signal
quality, using just a single modulated resource element for

the teedback.

[0314] The central zero state 2052 1s not needed 1n this
example. In other embodiments, requiring nine selection
choices, the zero state 2052 may be used.

[0315] Suitable for Standards

[0316] Due to the many options and variations disclosed
herein, and other versions derived therefrom by artisans after
reading this disclosure, it would be helptiul for a wireless
standards committee to establish conventions governing
formats and implementation options for eflicient feedback
procedures, such as those disclosed. Beneficial realtime
beam adjustment and power adjustment, and corresponding
teedback procedures, may enable users to communicate 1n
5G and 6G multi-GHz bands with increased reliability, while
avoiding unnecessary signaling and delays.

[0317] The wireless embodiments of this disclosure may
be aptly suited for cloud backup protection, according to
some embodiments. Furthermore, the cloud backup can be
provided cyber-security, such as blockchain, to lock or
protect data, thereby preventing malevolent actors from
making changes. The cyber-security may thereby avoid
changes that, 1n some applications, could result 1n hazards
including lethal hazards, such as in applications related to

traflic safety, electric grid management, law enforcement, or
national security.

[0318] In some embodiments, non-transitory computer-
readable media may include instructions that, when
executed by a computing environment, cause a method to be
performed, the method according to the principles disclosed
herein. In some embodiments, the instructions (such as
soltware or firmware) may be upgradable or updatable, to
provide additional capabilities and/or to {ix errors and/or to
remove security vulnerabilities, among many other reasons
for updating software. In some embodiments, the updates
may be provided monthly, quarterly, annually, every 2 or 3
or 4 years, or upon other interval, or at the convemence of
the owner, for example. In some embodiments, the updates
(especially updates providing added capabilities) may be
provided on a fee basis. The intent of the updates may be to
cause the updated software to perform better than previ-
ously, and to thereby provide additional user satistaction.

[0319] The systems and methods may be fully imple-
mented 1 any number of computing devices. Typically,
instructions are laid out on computer readable media, gen-
erally non-transitory, and these 1nstructions are suflicient to
allow a processor 1n 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,
touchscreen, joystick, trackpad, other pointing device, or
any other such computer input device to mput data relevant
to the calculations. Data may also be input by way of one or
more sensors on the robot, an mserted memory chip, hard
drive, tlash 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
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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, laptop 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
implementation, 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-F1 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 1mplementation 1 which a plurality of users provide
separate iputs to the system and method.

[0320] It 1s to be understood that the foregoing description
1s not a definition of the invention but 1s a description of one
or more preferred exemplary embodiments of the invention.
The mvention 1s not limited to the particular embodiments(s)
disclosed herein, but rather 1s 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 1n the claims, except where
a term or phrase 1s expressly defined above. Various other
embodiments and various changes and modifications to the
disclosed embodiment(s) will become apparent to those
skilled 1n the art. For example, the specific combination and
order of steps 1s 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.

[0321] As used 1n this specification and claims, the terms
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“for example”, “e.g.”, “for mstance”, “such as”, and “like”
and the terms “comprising’”, “having”, “including”’, and their
other verb forms, when used 1n conjunction with a listing of
one or more components or other items, are each to be
construed as open-ended, meaning that the listing 1s 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.

What 1s claimed 1s:

1. A method for a new user device to communicate with
a base station of a wireless network, the method comprising:

a) transmitting, to the base station, on a random access
channel, a preamble configured to request registration
with the base station;

b) receiving, from the base station, responsive to the
preamble, a random access response (“RAR”) message
and, appended to the RAR message, a first plurality of
test signals, each test signal comprising a single
resource element of a resource grid, and each test signal
transmitted, by the base station, 1n a different direction;
and
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¢) transmitting, to the base station, a feedback message
indicating which test signal of the first plurality of test
signals was best received by the user device.

2. The method of claim 1, wherein the preamble and the
RAR message are transmitted and received according to 5G
or 6G technology.

3. The method of claim 1, further comprising appending,
to the preamble, a request message configured to indicate, to
the base station, that the user device desires to receive the
test signals.

4. The method of claim 1, wherein the first plurality of test
signals comprises exactly four test signals transmitted 1n
four directions spaced 90 degrees apart.

5. The method of claim 1, wherein the first plurality of test
signals are configured to span 360 degrees around the base
station.

6. The method of claim 1, wherein the first plurality of test
signals are configured to at least partially overlap 1n four
regions where two neighboring test signals are both detect-
able by user devices.

7. The method of claim 1, further comprising transmitting,
to the base station, a Msg3 third message of an 1nitial access
procedure, and a first feedback message appended to the
Msg3 message, wherein the first feedback message indicates
which of the test signals, of the first plurality, 1s best recerved
by the user device.

8. The method of claim 1, further comprising receiving,
from the base station, a Msg4 fourth message of an mitial
access procedure, and a second plurality of test signals
appended to the Msg4, wherein each test signal of the
second plurality 1s transmitted 1n a different direction.

9. The method of claim 8, wherein:

a) the Msg4 message 1s transmitted at a particular angle
relative to geographical north;

b) one of the test signals of the second plurality 1s
transmitted at the particular angle;

c) one of the test signals of the second plurality 1s
transmitted at a higher angle than the Msg4 message;
and

d) one of the test signals of the second plurality 1s
transmitted at a lower angle than the Msg4 message.

10. The method of claim 9, further comprising transmit-
ting, to the base station, an acknowledgement message
concatenated with a second feedback message, wherein the
second feedback message indicates which test signal, of the
second plurality, 1s best received by the user device.

11. A method for a wireless user device to align a
transmission beam toward a base station, the method com-
prising:

a) transmitting a random access preamble concatenated
with or associated with a first plurality of test signals,
wherein each test signal of the first plurality 1s trans-
mitted 1n a diferent direction; and

b) recerving a random access response (“RAR”) message
from the base station, the RAR message indicating
which test signal, of the first plurality, was best recerved
by the base station.

12. The method of claim 11, further comprising:

a) transmitting a Msg3 third message of an initial access
procedure to the base station, the Msg3 concatenated
with or associated with a second plurality of test
signals, wherein each test signal of the second plurality
1s transmitted 1n a different direction; and
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b) receiving a Msg4 fourth message of the mitial access
procedure, concatenated with a second feedback mes-
sage mndicating which test signal, of the second plural-
ity, was best received by the base station.

13. The method of claim 12, wherein:

a) the preamble 1s transmitted omnidirectionally;

b) the Msg3 and the second plurality of test signals are
transmitted within an angular region corresponding to
the test signal of the first plurality that 1s 1indicated 1n
the first feedback message; and

¢) the acknowledgement is transmitted within an angular
region corresponding to the test signal of the second
plurality that i1s indicated 1n the second feedback mes-
sage.

14. The method of claim 12, wherein:

a) the first plurality of test signals comprises four test
signals transmitted at four directions spaced apart by 90
degrees.

15. The method of claim 12, wherein:

a) the second plurality of test signals comprises three test
signals, wherein one test signal of the second plurality
1s transmitted 1n a same direction as the Msg3 message,
and the other two test signals of the second plurality are
transmitted in directions at angles higher and lower
than the Msg3 message, respectively.

16. The method of claim 12, wherein at least one feedback
message, ol the first and second feedback messages,
includes a feedback request related to a transmission power
level of the user device.

17. A method for a base station of a wireless network to
assist a user device of the wireless network, the method
comprising;

a) receiving, ifrom the user device, a random access
preamble and, appended to the random access pre-
amble, a first plurality of test signals, each test signal of
the first plurality transmaitted by the user device 1n a
different direction;

b) transmitting, to the user device, a random access
response (“RAR”) message and, appended to the RAR
message, a first feedback message indicating which test
signal, of the first plurality, was best received by the
base station, thereby enabling the user device to deter-
mine a direction toward the base station.

18. The method of claim 17, further comprising:

a) receiving, from the user device, a Msg3 third message
of a four-step 1nmitial access procedure and, appended to
the Msg3 message, a second plurality of test signals,
cach test signal of the second plurality transmitted by
the user device 1n a diflerent direction; and

b) transmitting, to the user device, a Msg4 fourth message
of the four-step 1mitial access procedure and, appended
to the Msgd4 message, a second feedback message
indicating which test signal, of the second plurality,
was best received by the base station, thereby enabling
the user device to determine an improved direction
toward the base station.

19. The method of claim 18, wherein:

a) each test signal, of the first plurality, 1s transmitted 1n
a transmission beam configured to partially overlap
with each neighboring test signal of the first plurality;
and

b) the first feedback message further indicates whether a
single test signal or two neighboring test signals, of the
first plurality, were best received
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20. The method of claim 17, wherein the second feedback
message comprises an indication of a suggested transmis-
sion power level for subsequent uplink transmissions from
the user device.
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