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poll”, the user devices indicate which sections include at
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listing of these section numbers. Then, in a subsequent “user
poll”, the ready users specifically identify themselves, with
another compact format. For example, the section poll may
use just a single resource element per section, and the user
poll may include only those sections that have at least one
ready user. These resource-efficient protocols can thereby
save energy and time while minimizing background genera-
tion.
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FIG. 1A
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150 - Base station determines start of SR session (by schedule or command).

v

151 - User device, with data message, transmits signal poll according to section.

v

152 - Base station repeats the section poll in a downlink section message, and
allocates uplink user poll region with symbol-times equal number of ready
sections, and subcarriers equal to the number of users per section.

v

153 - Ready user transmits a short signal at symbol-time according to its section,
and subcarrier according to its position in that section.

v

154 - Base station receives the user poll, determines which user devices are ready
to transmit according to time and frequency, and sends BSR grants.

v

155 - User devices transmit their BSR messages according to BSR grants.

v

156 - Base station transmits a message grant to each ready user, which then
transmits the data message at time and frequency as directed.
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FIG. 2A
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FIG. 2B

250 - Base station assigns, to each user device, a section and a position or
address within its section.

v

251 - Base station declares SR session, by message or schedule or periodicity.

v

252 - At designated symbol-time, each user device that wishes to send a data
message transmits an uplink signal at a subcarrier associated with its section.

v

253 - Base station broadcasts a demodulation reference followed by a section
message. The section message includes the number of sections that have uplink
signals, followed by those section numbers.

v

254 - At each symbol-time associated with the specified section numbers, user
devices in those sections transmit an SR signal, at a subcarrier associated with
user device's position or address in that section.

v

255 - Base station receives the SR request signals, determines which user
devices wish to transmit their data messages according to which symbol-time and
subcarrier each SR request is in, and transmits a BSR grant to that user device.
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FIG. 3C

380 - Base station divides the user devices into sections, informs each user device
of its section number and position within that section

v

381 - Base station initiates an SR session, by schedule or specific command, and
allocates resources for a section poll, one resource element per section.

v

382 - At section poll, each user device that has a data message to upload sends a
short signal on a particular subcarrier, the particular subcarrier according to the
section that the user device is in.

v

383 - Base station receives the section poll and determines, according to
subcarriers with signals, which sections include user devices that have a data
message to upload.

v

384 - Base station broadcasts a section message one field per ready section,
thereby indicating those section numbers.

v

385 - Base station allocates a user poll region with one subregion per section
listed in the section message. Each subregion has a number of resource
elements equal to the number of user devices in the associated section.

v

386 - Each user device that has a data message to upload then transmits a BSR
message indicating the size of its data message. BSR message begins in a
symbol-time according to the order of sections listed in the section message, and
on a subcarrier according to the position of that user device in its section.

v

387 - Base station detects the BSR messages, determines which user devices
are ready to upload based on the symbol-time and subcarrier of the BSR
message, determines the size of the data message according to the BSR code,
and transmits a grant to the user device to upload its data message.
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FIG. 4B

450 - A base station assigns each user device to one of a plurality of sections, and
to a particular position or address within its section.

v

451 - On schedule, user devices that wish to upload a message transmit a short
signal on a predetermined subcarrier according to the user device's section.

v

452 - The base station receives the signals, which may be overlapping and
interfering if multiple ready users are within a single section. Base station
determines which sections have at least one user device wishing to upload.

v

453 - Base station broadcasts a section message indicating which sections have
at least one user device seeking upload. The section message may be modulated
for compactness, and may include or be proximate to a demodulation reference.

v

454 - Base station allocates a user poll region for each ready user to transmit its
scheduling request signals. The user poll region includes sufficient resource
elements to accommodate all user devices in all of the ready sections. The uplink
reply region may be frequency-spanning (in a single symbol-time).

v

455 - At allocated time, the ready users transmit another short signal in the user
poll region, on a particular subcarrier according to the ready user's section and its
position in that section.

v

456 - Base station determines, from the subcarriers of those signals, which user
devices seek upload, and transmits a BSR grant to each of them.

v

457 - User devices transmit BSR messages to base station at granted time.

v

458 - Base station transmits a message grant to each ready user device..

v

459 - User devices upload their data messages to base station at granted time.
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FIG. 5B

550 - A base station assigns each user device to one of a plurality of sections, and
to a particular position or address within that section.

v

551 - On schedule, user devices that wish to upload a data message transmit a
short signal on a predetermined subcarrier according to the user device's section.

v

552 - The base station receives the signals, which may be overlapping and
interfering from multiple user devices within a single section, and determines which
sections have at least one user device wishing to upload.

v

553 - Base station broadcasts a section message indicating which sections have
at least one user device seeking upload. The section message may be modulated
for compactness, and may include or be proximate to a demodulation reference.

v

554 - At predetermined time, user devices seeking upload transmit a BSR
message on a particular subcarrier according to the sections listed in the section
message and the positions of those user devices in their sections.

v

555 - Base station determines, from the subcarriers of those signals, which user
devices seek to upload, and determines from their BSR messages how much
resource area they need.

v

556 - Base station transmits a message grant to each ready user device.

v

557 - User devices upload their data messages to base station at granted time.
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FIG. 6B

650 - A base station assigns each user device to one of a plurality of sections, and
to a particular position or section address within that section.

v

651 - On schedule, high-priority user devices that wish to upload a message
transmit a short signal in a pre-assigned exclusive resource region.

v

652 - After the high-priority resource region, low-priority user devices that wish to
upload a message transmit a short signal on a predetermined subcarrier according
to the low-priority user device's section.

v

653 - For each high-priority user device scheduling request, base station provides
a BSR grant, receives BSR message, provides message grant, and receives the
associated data message.

v

654 - After all of the high-priority data messages have been uploaded, the base
station then broadcasts a section message indicating which sections have at least
one low-priority user device seeking upload. The section message may be
modulated for compactness, and may include or be proximate to a demodulation
reference.

v

655 - The low-priority user devices seeking upload clearance then transmit a brief
signal in a subcarrier and symbol-time according to the section and position of the
user device.

v

655 - Base station detects the low-priority uplink requests, determines which low-
priority user devices are requesting service, according to the time and frequency
of the signal. Base station issues a BSR grant for each ready device, receives
the BSR, issues a message grant, and receives the data message.
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RESOURCE-EFFICIENT POLLING AND
SCHEDULING OF 5G/6G UPLINK
MESSAGES

PRIORITY CLAIMS AND RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 17/710,141, entitled “Cascaded Scheduling
Requests for Resource-Efficient 5G and 6G”, filed Mar. 31,
2022, which claims the benefit of U.S. Provisional Patent
Application Ser. No. 63/170,631, entitled “Rapid Uplink
Access by Modulation of 5G Scheduling Requests”, filed
Apr. 5, 2021, and U.S. Provisional Patent Application Ser.
No. 63/170,633, entitled “Rapid Uplink Access by Parallel
Signaling on a 5G Random-Access Channel”, filed Apr. 5,
2021, and U.S. Provisional Patent Application Ser. No.
63/176,996, entitled “Rapid Uplink Access by Modulation
of 5G Scheduling Requests”, filed Apr. 20, 2021, and U.S.
Provisional Patent Application Ser. No. 63/210,216, entitled
“Low-Complexity Access and Machine-Type Communica-
tion in 5G”, filed Jun. 14, 2021, and U.S. Provisional Patent
Application Ser. No. 63/214,489, entitled “Low-Complexity
Access and Machine-Type Communication in 5G”, filed
Jun. 24, 2021, and U.S. Provisional Patent Application Ser.
No. 63/220,669, entitled “Low-Complexity Access and
Machine-Type Communication in 5G”, filed Jul. 12, 2021,
and U.S. Provisional Patent Application Ser. No. 63/317,
177, entitled “Cascaded Polling for Resource-Efficient Low-
Complexity 5G/6G DRX”, filed Mar. 7, 2022, and U.S.
Provisional Patent Application Ser. No. 63/321,879, entitled
“Cascaded Scheduling Requests for Resource-Efficient 5G
and 6G”, filed Mar. 21, 2022, all of which are hereby
incorporated by reference in their entireties.

FIELD OF THE INVENTION

The disclosure pertains to uplink scheduling requests, and
more particularly to means for reducing resource usage by
requesting users.

BACKGROUND OF THE INVENTION

In 5G and 6G, base stations provide resources for user
devices to request permission to transmit an uplink message.
In a large network, the space necessary to provide each user
device with a scheduling request opportunity can be waste-
ful. What is needed is a way for the user devices to inform
the base station that they wish to transmit, while consuming
fewer resources.

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

SUMMARY OF THE INVENTION

In a first aspect, there is a method for a base station to
communicate in a wireless network comprising a plurality of
user devices, the method comprising: allocating the plurality
of user devices among integer Nsec sections, each section
having a maximum capacity of Nmax users; receiving one or
more signals in a first region of a resource grid, the first
region comprising at least Nsec resource elements of the
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resource grid, each section assigned to one of the resource
elements of the first region, respectively; determining, from
the signals in the first region, which sections includes at least
one ready user, wherein a ready user comprises a user device
seeking an uplink grant, a ready section comprises a section
that includes at least one ready user, and a non-ready section
comprises a section that includes no ready users; broadcast-
ing a section message indicating which sections include at
least one user device seeking an uplink grant; receiving
further signals in a second region of the resource grid; and
determining, from the further signals, which user devices
seek uplink grants.

In another aspect, there is a particular user device, of a
wireless network comprising a plurality of user devices in
signal communication with a base station, the particular user
device configured to: receive, from the base station, a
message indicating a particular section number and a par-
ticular position within the particular section; receive, from
the base station, a polling schedule or a polling command,
the polling schedule or polling command configured to
indicate a first region of a resource grid; determine which
particular resource element of the first region corresponds to
the particular section number; if the particular user device
seeks an uplink grant, transmit, in the particular resource
element of the first region, a first signal; and receive a
section message, broadcast by the base station, the section
message indicating which sections include at least one user
device seeking an uplink grant.

In another aspect, there is non-transitory computer-read-
able media in a memory of a base station of a wireless
network comprising user devices, the media containing
instructions that, when executed by a computing environ-
ment, cause a method to be performed, the method com-
prising: allocating integer Nsec numbered sections, each
section comprising integer Nmax positions; assigning each
user device to one of the sections and one of the positions;
allocating a section poll comprising a first region of a
resource grid, and assigning each section to one resource
element in the first region; receiving, in the first region, one
or more signals, each signal indicating that at least one user
device, associated with the signal, seeks an uplink grant;
determining, according to which resource elements of the
first region include a signal, which sections include at least
one user device seeking an uplink grant; and broadcasting a
section message indicating which sections include at least
one user device seeking an uplink grant.

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic showing an exemplary embodi-
ment of a method for user devices to request an uplink grant
in a cascaded manner, according to some embodiments.
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FIG. 1B is a flowchart showing an exemplary embodi-
ment of a method for user devices to request an uplink grant
in a cascaded manner, according to some embodiments.

FIG. 2A is a schematic showing an exemplary embodi-
ment of a resource grid populated with control and sched-
uling request messages, according to some embodiments.

FIG. 2B is a flowchart showing an exemplary embodi-
ment of a method for user devices to deliver scheduling
request messages, according to some embodiments.

FIG. 3A is a schematic showing an exemplary embodi-
ment of a resource grid including scheduling requests and
BSR messages, according to some embodiments.

FIG. 3B is a schematic showing another exemplary
embodiment of a resource grid including scheduling
requests and BSR messages, according to some embodi-
ments.

FIG. 3C is a flowchart showing an exemplary embodi-
ment of a process for user devices to transmit scheduling
requests including BSR messages, according to some
embodiments.

FIG. 4A is a schematic showing an exemplary embodi-
ment of a resource grid including frequency-spanning sched-
uling request messages, according to some embodiments.

FIG. 4B is a flowchart showing an exemplary embodi-
ment of a method for user devices to obtain an uplink grant,
according to some embodiments.

FIG. 5A is a schematic showing an exemplary embodi-
ment of a resource grid including scheduling requests in a
frequency-spanning configuration with BSR messages,
according to some embodiments.

FIG. 5B is a flowchart showing an exemplary embodi-
ment of a process for user devices to file scheduling requests
with BSR messages, according to some embodiments.

FIG. 6A is a schematic showing an exemplary embodi-
ment of a resource grid including high and low priority
scheduling requests, according to some embodiments.

FIG. 6B is a flowchart showing an exemplary embodi-
ment of a process for user devices to provide scheduling
requests of low and high priority, according to some embodi-
ments.

Like reference numerals refer to like elements throughout.

DETAILED DESCRIPTION

Systems and methods disclosed herein (the “systems” and
“methods”, also occasionally termed “embodiments” or
“versions” or “arrangements”, generally according to pres-
ent principles) can provide opportunities for user devices to
submit scheduling requests in a cascaded manner, thereby
saving time and resources, according to some embodiments.
The resource-efficient uplink requests may be performed
according to 5G and/or 6G technology. Protocols and stan-
dards may be added to 5G and/or 6G to provide the services
disclosed herein. One motivation behind the present disclo-
sure may be to provide protocols for user devices to transmit
their uplink messages with less resource usage than prior
procedures.

According to some embodiments of the disclosed systems
and methods, the base station may assign the user devices
into “sections”, each section having a plurality of user
devices therein. For example, there may be Ns sections, each
section including up to Nz users per section. The base station
may inform each user device of its section number and a
“position” or address of the user device within that section.
Thus each user device may be identified according to its
section number and its position. User devices that are ready
to upload a data message and are seeking an uplink grant to
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do so (the “ready users”) may request permission in a
cascaded manner. For example, the ready users may first
indicate which of the sections includes at least one ready
user, and then may identify which of the user devices in
those sections are submitting grant requests. Each section
that includes at least one ready user may be termed a “ready
section” herein. If only a small number of users have a data
message ready to transmit and are seeking an uplink grant at
a given time, which is usual, then the resource usage may be
dramatically reduced by the cascading, since many of the
sections are likely to be devoid of ready users. For example,
there may be only Nr sections that have a ready user therein,
with Nr usually much less than the number of sections Ns.
The ready users can request upload grants during an “SR
session”. (Here and elsewhere, “SR” stands for “scheduling
request”). The base station may initiate an SR session with
an “SR-start” indicator. The SR-start indicator may be a
pre-arranged schedule, or a periodicity such as once per
frame, or other formula which the user devices may be
informed of (via system information messages or an RRC
for example). Alternatively, the indicator may be a specific
command by the base station during a scheduled downlink
interval. Then, or upon the next scheduled uplink interval, or
other allocated time after the SR-start indicator, the ready
users may transmit a short signal in a “section poll”. The
section poll is an allocated region of the resource grid,
including a particular symbol-time for user devices to signal
that they seek an uplink grant. One subcarrier of the section
poll is associated with each section. Thus the subcarriers of
the section poll represent the sections of the network, and a
signal in a subcarrier of the section poll indicates that at least
one of the user devices in that section requests an uplink
grant. A ready user in a particular section may thereby
indicate that the particular section includes at least one ready
user by transmitting the short signal in a particular subcarrier
which is assigned to the particular section. The base station
can then receive the section poll and determine, from the
subcarriers that carry signals, which sections include at least
one ready user. Collisions between signals in the section poll
may be inconsequential, in some embodiments, if the base
station has been configured to treat any received signal in a
section poll subcarrier, however distorted, as proof that the
corresponding section has at least one ready user.

After determining, from the section poll, which sections
include at least one ready user, the base station can then
broadcast a “section message” in the next scheduled down-
link interval. The section message indicates which sections
have at least one ready user in the section poll. (Such
sections, that have a ready user, may be termed “ready
sections” herein.) The broadcast section message thereby
informs the user devices how many ready sections there are,
and which sections. In most cases, the ready users do not
know this, because they generally cannot receive the section
poll at the same time as they transmit their section poll
signals; hence the need for the section message.

The base station may allocate a certain region of the
resource grid as a “user poll” for the ready users to further
identify themselves. The section message may determine the
size and shape of the user poll, during which the ready users
can transmit a second short scheduling request signal at a
particular time and frequency, thereby indicating their desire
to upload. More specifically, the user poll may include a
number of symbol-times equal to the number of sections that
have at least one ready user, and may include a number of
subcarriers equal to the number of user devices in each
section. Therefore, each ready user has a specific time and
frequency allocated for its scheduling request signal. Then,
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the base station can receive the signals in the user poll, and
determine from the time and frequency of each signal, which
user device (associated with that time and frequency) is
requesting to transmit, and may then provide a grant to those
ready users. Usually, most of the sections have no ready
users (the “empty” sections, in this context) and are not
included in the user poll, thereby avoiding wasting time and
resources, according to some embodiments. Examples
below clarify this procedure and provide further variations.

In some embodiments, the base station may be able to
accept up to N user devices in the network, and may select
to allocate IN, the square root of N, as the number of
sections, and also the number of potential user devices in
each section. For example, if the base station can accept 64
registered users, the base station may divide the user devices
into 8 sections of 8 user devices each. For a large network
of 65536 maximum user devices, the base station may
allocate 256 sections of 256 user devices each.

As a further space saving, the base station can subdivide
those sections further. For example, the large network of
65536 maximum user devices may be divided into 64
sections, and subdivide each section into 32 subsections,
each subsection having 32 user devices. Then the base
station may determine, from section polls for example,
which subsections include at least one ready user, and may
include those subsections in the user poll while ignoring the
many blank subsections.

In some embodiments, the base station may have a much
smaller number n of currently registered user devices, and
may reassign those n current user devices to smaller sections
or a smaller number of sections, and a correspondingly
smaller number of user devices in each of those smaller
sections. Smaller sizes generally occupy a smaller amount of
space in the resource grid. Then, if traffic increases and it
becomes necessary to use the larger number N, the base
station can broadcast a message such as an RRC message
instructing the user devices to switch between the two sets
of sections.

In some embodiments, the base station may serve high-
priority user devices separately from low-priority user
devices, such as first providing uplink grants to all of the
ready users that are high-priority, and only then returning to
the low-priority ready users. For example, the base station
may allocate a high-priority user poll in a region of the
resource grid, and each high-priority user device may signal
its uplink request in its exclusively allocated resource ele-
ment in the high-priority user poll region.

Terms herein generally follow 3GPP (third generation
partnership project) standards, but with clarification where
needed to resolve ambiguities. 5G and 6G technologies are
designed for “eMBB” (enhanced Mobile Broadband com-
munications), “URLLC” (ultra reliable low latency commu-
nications), and “mMTC” (massive machine-type communi-
cation) in the “IoT” (internet of things). “5G” represents
fifth-generation, and “6G” sixth-generation, wireless tech-
nology in 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 commu-
nication with a plurality of user devices (or UE or User
Equipment or user nodes or terminals or wireless transmit-
receive units) and operationally connected to a core network
(CN) which handles non-radio tasks, such as administration,
and is usually connected to a larger network such as the
Internet. The time-frequency space is generally configured
as a “resource grid” including a number of “resource ele-
ments”, each resource element being a specific unit of time
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termed a “symbol-time”, and a specific frequency and band-
width termed a “subcarrier” (or “subchannel” in some
references). Symbol-times may be termed “OFDM sym-
bols” (Orthogonal Frequency-Division Multiplexing) in ref-
erences. The time domain may be divided into ten-millisec-
ond frames, one-millisecond subframes, and some number
of'slots, each slot including 14 symbol-times. The number of
slots per subframe ranges from 1 to 8 depending on the
“numerology” selected. The frequency axis is divided into
“resource blocks” (also termed “resource element groups™ or
“REG” or “channels” in references) including 12 subcarri-
ers. Each subcarrier is at a slightly different frequency. The
“numerology” of a resource grid corresponds to the subcar-
rier spacing in the frequency domain. Subcarrier spacings of
15, 30, 60, 120, and 240 kHz are defined in various numer-
ologies. Each subcarrier can be independently modulated to
convey message information. Thus a resource element,
spanning a single symbol-time in time and a single subcar-
rier in frequency, is the smallest unit of a message. Standard
modulation schemes in 5G and 6G include BPSK (binary
phase-shift keying), QPSK (quad phase-shift keying),
16QAM (quadrature amplitude modulation with 16 modu-
lation states), 64QAM, 256QAM and higher orders. Com-
munication in 5G and 6G generally takes place on abstract
message “channels” (not to be confused with frequency
channels) representing different types of messages, embod-
ied as a PDCCH and PUCCH (physical downlink and uplink
control channels) for transmitting control information,
PDSCH and PUSCH (physical downlink and uplink shared
channels) for transmitting data and other non-control infor-
mation, PBCH (physical broadcast channel) for transmitting
information to multiple user devices, among other channels
that may be in use. In addition, one or more random access
channels may include multiple random access channels in a
single cell. “CRC” (cyclic redundancy code) is an error-
checking code. “RNTT” (radio network temporary identity)
and “C-RNTI” (cell radio network temporary identification)
are network-assigned user codes (RNTI and C-RNTT and the
other flavors of RNTI are used interchangeably herein).
“SNR” (signal-to-noise ratio) and “SINR” (signal-to-inter-
ference-and-noise ratio) are used interchangeably unless
specifically indicated. “RRC” (radio resource control) is a
control-type message from a base station to a user device.
“DRX” (discontinuous reception) refers to user devices
temporarily entering a “sleep” or idle state to save energy.
“H-ARQ” (hybrid automatic repeat request) is a complex
procedure for determining when to retransmit a failed mes-
sage. An “uplink grant” is a grant, transmitted by a base
station to a particular user device, permitting the particular
user device to upload a BSR message or a data message.
In addition to the 3GPP terms, the following terms are
defined herein. Although in references a modulated resource
element of a message may be referred to as a “symbol”, this
may be confused with the same term for a time interval,
among other things. Therefore, each modulated resource
element of a message is referred to as a “modulated message
resource element”, or more simply as a “message element”,
in examples below. A “demodulation reference” is a set of
modulated resource elements that exhibit levels of a modu-
lation scheme (as opposed to conveying data). A “calibration
set” is one or more amplitude values, which have been
determined according to a demodulation reference, repre-
senting the predetermined amplitude levels of a modulation
scheme. A “short-form demodulation reference” is a
demodulation reference exhibiting the maximum and mini-
mum modulation levels of a modulation scheme, from
which a receiver can calculate all of the modulation levels of
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the modulation scheme. As mentioned, user devices may be
allocated to “sections” which are portions of the set of user
devices. An “SR-start” is a command or a prearranged time
at which an SR session may begin. A “ready user” (having
a data message ready to transmit) may transmit a short signal
during a “section poll” at a particular subcarrier associated
with the ready user’s section. The base station can then
transmit a “section message” indicating which ready sec-
tions include at least one ready user. The number of ready
sections then determines the shape of a “user poll” which
includes sufficient resource elements to accommodate all of
the user devices in the ready sections, such as one symbol-
time for each ready section and one subcarrier for each user
device in each section. A ready user can then transmit a short
uplink scheduling request signal at its assigned time and
frequency, thereby prompting uplink grants for uploading
the data message. “Cascading” and “cascaded” refer to
dividing a set of entities, such as user devices, into sections,
determining which sections need service, then determining
which user devices in those sections need service, thereby
saving time and resources.

Turning now to the figures, the following examples per-
tain to SR sessions in some embodiments.

FIG. 1A is a schematic showing an exemplary embodi-
ment of a method for user devices to request an uplink grant
in a cascaded manner, according to some embodiments. As
depicted in this non-limiting example, a base station of a
wireless network including a plurality of user devices, can
divide those user devices into a plurality of portions or
sections, each section including a plurality of user devices.
The user devices may be informed of their section number,
and their position or address in that section, using a system
information message, or during the initial access procedure
(such as “Msg4”), or in subsequent user-specific or RRC
communications, for example. An SR-start indicator 101
indicates the start of an SR session. The SR-start indicator
101 may be a symbol-time allocated according to a pre-
arranged schedule, or a periodicity (such as once per frame
or subframe), or a specific command by the base station, for
example. Responsive to the SR-start indicator 101, each user
device that has a data message ready to upload (and there-
fore seeks an uplink grant), can then indicate its readiness by
transmitting a short signal during a section poll 102. The
section poll 102 is a predetermined symbol-time (such as the
first symbol-time in the next scheduled uplink interval
following the SR-start indicator, for example). The section
poll 102 may include a number of subcarriers, equal to the
number of sections, so that each ready user can transmit its
signal during the subcarrier corresponding to its section
number. In the depicted case, user devices transmit signals
in the third, fifth, and sixth subcarriers of the section poll
102, thereby indicating that at least one user device in those
sections has a data message to upload. The signals in the
section poll 102 are indicated by a “1”. The other subcar-
riers, associated with blank sections that have no users
currently seeking an uplink grant, are silent and are indicated
by a dash “-”.

The base station may be configured to interpret any
transmitted energy, at the appropriate subcarrier frequencies
of the section poll 102, as an indication of readiness in the
associated section, and may thereby accommodate collisions
among multiple ready users. For example, if multiple user
devices in the same section are ready with data messages,
they will transmit their signals simultaneously, causing a
collision. The base station may therefore broadly accept
energy transmitted on each subcarrier as an indication that at
least one user device in that section seeks an uplink grant.
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Since most user devices cannot receive at the same time as
they transmit, the user devices may not know which sections
are ready. Therefore, the base station may broadcast a
“section message” 103 summarizing the information in the
section poll 102. In this case, the section message 103 is a
repetition of the section poll 102, but with the blank or
no-signal subcarriers now replaced by a “0” transmission,
while the subcarriers that have ready users are indicated by
a “1”. The 0-1 symbols stand for two modulations, such as
the two modulations of BPSK, for example. In another
embodiment, the base station may leave the no-signal sub-
carriers blank instead of transmitting the “0” modulation
state. In either case, or other format, the ready users can
receive the section message 103 and thereby determine how
many sections include ready users, and which sections.

The base station may allocate a “user poll” for ready users
to submit their scheduling request signals. The user poll may
include a number of subcarriers and a number of symbol-
times in the next scheduled uplink interval following the
section message 103, for example. The number of symbol-
times in the user poll may equal the number of ready
sections, as indicated in the section message 103, and the
number of subcarriers in the user poll may equal the number
of user devices in each section, according to some embodi-
ments. Each ready user can then transmit a scheduling
request, which in this case is a short signal in the symbol-
time corresponding to its section number and at the subcar-
rier frequency corresponding to its position in that section.
In the depicted case, the user poll includes three symbol-
times 113, 115, 116 corresponding to the three non-zero
entries in the section message 103 at positions three, five,
and six as suggested by curvy arrows. In addition, each of
the user poll symbol-times 113, 115, 116 has ten subcarriers
corresponding to ten user devices per section. As with the
section poll, the signals of ready users are indicated by a 1,
and the blank or no-signal subcarriers by a dash. The user
poll is contention-free because each user device is allocated
a specific symbol-time (according to its section number) and
a specific subcarrier (according to its position in the section)
for its scheduling request signal. In the depicted case, the
first user poll symbol-time 113 includes two ready users at
positions two and seven, the second symbol-time 115 has a
ready user at position two, and the third one has a ready user
at position four, as indicated by the 1’s in those positions.

The base station can then receive the signals in the user
poll, determine which user devices request uplink grants,
and then transmit a “BSR grant” 127 to each ready user. A
BSR grant is a grant to transmit a BSR message. The user
device then transmits its BSR message indicating the size of
the data message. The base station can then provide a
“message grant” permitting the ready user to upload its data
message.

In summary, the SR-start indicator 101 prompts the ready
users to transmit a short signal at their section subcarriers in
a section poll 102, which the base station replicates as the
section message 103 indicating which sections have ready
users. Those user devices then transmit a short scheduling
request at their positions in the assigned section of the user
poll, which enables the base station to determine which user
devices request grants. Importantly, the other sections, hav-
ing no ready users, are not included in the user poll, thereby
saving time and resources.

FIG. 1B is a flowchart showing an exemplary embodi-
ment of a method for user devices to request an uplink grant
in a cascaded manner, according to some embodiments. As
depicted in this non-limiting example, at 150 a base station
may arrange a schedule for SR sessions, or broadcast a



US 11,627,592 B2

9

command initiating the SR session, for example. At 151, a
ready user, which belongs to a particular section, transmits
a signal in a section poll, at a subcarrier corresponding to the
particular section, thereby indicating that its section includes
at least one user device that has a data message ready to
upload. At 152, the base station reads the section poll,
determines which sections include a ready user according to
the subcarriers that have signal energy, and then broadcasts
a section message that includes the same information. In this
case, the section message is a repeat of the section poll,
thereby indicating the same sections as the section poll.

At 153, each ready user receives the section message and
thereby determines how many sections, and which sections,
will be represented in the user poll. The ready user then
transmits a short signal, serving as its scheduling request, in
the user poll. Specifically, the ready user transmits the signal
at a symbol-time corresponding to the ready user’s section,
and at a subcarrier corresponding to its position in the
section, in this embodiment.

At 154, the base station receives the signals in the user
poll and, based on the signals and their times and frequen-
cies, determines which user devices have data messages to
send. The base station then transmits a BSR grant to each of
them. At 155 the user devices transmit their BSR messages,
receive a message grant at 156, and then upload their data
messages.

The following examples pertain to SR sessions in which
the section message is configured as a series of section
numbers instead of 1I’s and 0’s.

FIG. 2A is a schematic showing an exemplary embodi-
ment of a resource grid populated with control and sched-
uling request messages, according to some embodiments. As
depicted in this non-limiting example, a resource grid
includes a first slot 201 and a second slot 202, with 12
subcarriers 203 as marked, and 14 symbol-times per slot.
Scheduled uplink and downlink intervals are indicated. The
base station can assign each user device to one of several
sections and to a particular position within that section. In
the depicted case, there are ten sections, and each section has
ten user devices per section. Hence the section poll 102 has
ten subcarrier positions, and the user poll also occupies 10
subcarriers.

During a downlink interval, the base station transmits a
Start-SR message 204, thereby initiating an SR session. In
other embodiments, the SR sessions may be initiated auto-
matically, according to a schedule or periodically or other-
wise. The ready users that have data messages to send can
transmit a short signal during an allocated section poll 205,
which is a symbol-time during a scheduled uplink interval.
The section poll includes sufficient subcarriers to have one
subcarrier per section, in this case 10 subcarriers. Three
signals 213, 215, 216 appear in the section poll, indicating
that sections three, five, and six include at least one ready
user. The other positions of the section poll are blank (no
transmission).

The base station then broadcasts downlink control infor-
mation 220 and a DMRS demodulation reference 221 in a
scheduled downlink interval, followed by a section message
222. In this case, instead of replicating the section poll 205,
the section message provides section numbers explicitly. For
example, the section message may be modulated in 16QAM.
The section message 222 includes “NS” the number of ready
sections (three in this case), followed by the section numbers
of the ready sections “S3”, “S5”, “S6”. In some cases, the
section message 222 formatted in this way may take up less
resource area than replicating the section poll, especially for
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large networks and/or networks composed mainly of user
devices that rarely transmit, such as alarms.

The user devices can then receive the DMRS 221 and
update the demodulation levels (such as amplitude and
phase levels), which enables demodulation of subsequent
messages. The user devices can then receive and demodulate
the section message 222, and thereby determine that sections
3,5, and 6 include ready users. The base station may allocate
three symbol-times to the user poll, specifically regions 223,
225, 226 in which the user devices can transmit their
scheduling request signals. The user poll regions 223, 225,
226 thereby correspond to the three section numbers listed
in the section message 222, as suggested by curvy arrows.
Ready users in section 3 can then transmit short signals in
the corresponding section of the user poll 223, and likewise
for ready users in sections 5 and 6. In this example, section
3 has two user devices waiting to transmit data messages,
and therefore two signals 231 and 232 appear in the user poll
symbol-time 223 corresponding to section 3. Sections 5 and
6 each have one ready user, and so region 225 has one signal
233. Likewise, region 226 has one signal 234 showing. The
other positions of the user poll regions 223, 225, 226 are
blank. The base station can then determine which user
devices request uplink grants based on which section and
which subcarrier they transmit in, and can provide BSR
grants and message grants to the four ready users that
transmitted the reply signals 231, 232, 233, 234.

FIG. 2B is a flowchart showing an exemplary embodi-
ment of a method for user devices to deliver scheduling
request messages, according to some embodiments. As
depicted in this non-limiting example, at 250 a base station
assigns each user device in a network to a section, and to a
particular position or address within that section, respec-
tively. At 251, the base station initiates an SR session in
which user devices can indicate their readiness to upload a
data message. The base station may provide a schedule of
SR session times, or a periodicity between sessions, or may
broadcast a message declaring the session, for example. At
252, each ready user can transmit a short signal in a section
poll at an allocated symbol-time, each user device transmit-
ting on a subcarrier of the section poll corresponding to the
user device’s section number.

At 253, the base station can receive the section poll and
determine, from the frequencies of the signals, which sec-
tions include at least one user device waiting to transmit a
data message. At 254, the base station broadcasts a section
message that replicates, or summarizes, the information
from the section poll, such as indicating which sections
include at least one ready user.

At 254, each ready user can determine, from the section
message, how many sections include ready users, and which
sections they are. Accordingly, each ready user can locate its
allocated symbol-time and subcarrier in a subsequent user
poll region. The ready user can then transmit a short
scheduling request signal at that time and frequency. For
example, the symbol-time of the scheduling request signal
may correspond to the section number of the ready user, and
the subcarrier of the scheduling request signal may corre-
spond to the position of the ready user in that section. There
is no contention or collision between user devices in the user
poll reply region because each user device has a separate
resource element. Accordingly, the identity of each ready
user is uniquely determined by the time and frequency of its
request signal.

At 255, the base station can determine, from the time and
frequency of each signal during the allocated user poll
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region, which user devices request upload permission, and
can provide BSR and data message grants to those user
devices accordingly.

The following examples pertain to SR sessions in which
the ready users can indicate, in their grant requests, the size
of the planned uplink message.

FIG. 3A is a schematic showing an exemplary embodi-
ment of a resource grid including scheduling requests and
BSR messages, according to some embodiments. A network
base station has assigned user devices to a number of
sections. As depicted in this non-limiting example, a
resource grid includes a first and second slots 301, 302 with
subcarriers 303. Various downlink control messages and
DMRS are shown, followed by a modulated SR start indi-
cator 304 initiating an SR session. Accordingly, in the first
symbol-time of the next scheduled uplink interval, a section
poll 305 is allocated for user devices to transmit short signals
indicating their readiness to upload data messages. Each
subcarrier of the section poll 305 is associated with one of
the sections, respectively, and the ready users can transmit
their signals in the subcarrier associated with their section.
In this case, three signals 313, 315, 316 indicate that sections
3, 5, 6 include at least one waiting data message.

The base station receives the section poll 305 and, in the
next scheduled downlink interval, broadcasts a section mes-
sage 322 indicating the number of ready sections and their
section numbers as shown. The base station allocates a user
poll region in the next scheduled uplink interval as indicated
by curvy arrows, with subcarriers equal to the number of
user devices in a section, and a number of symbol-times
equal to the number of ready sections plus three, that is, six
symbol-times. The extra symbol-times are to accommodate
BSR messages.

The ready users can receive the section message 322 and
can transmit a BSR message in the allocated user poll
region, starting in the symbol-time 323, 324, 325 associated
with their section (first symbol-time for the first-named
section in the section message, and so forth). The BSR is an
8-bit message indicating the size of the data message. The
BSR occupies four resource elements when modulated in
QPSK. Each ready user transmits its BSR message time-
spanning, starting in the symbol-time associated with its
section, and extending through four successive symbol-
times. However, the ready users are not permitted to transmit
a BSR message if its subcarrier is already occupied by
another BSR message, to avoid collisions. In that case, the
later user device must wait until the next SR session, or take
other action to obtain uplink permission.

Section 3 includes two ready users in this case, residing
in positions 2 and 7 of the third section. Accordingly, the first
ready user transmits its BSR message 331 on the second
subcarrier starting in the first symbol-time 323 of the user
poll region, and continuing for the next three symbol-times,
as shown by “BSR1”. The second ready user, which is also
in the same section at position 7, transmits its BSR2 message
332 starting in the same symbol-time 323 in subcarrier 7
according to its position in the section.

A third ready user is in section 5 at position 2. Therefore,
the third ready user would like to transmit its BSR message
starting in the second symbol-time 324 (corresponding to
section 5), at the second subcarrier (corresponding to the
second position in the section). However, the second sub-
carrier is already occupied by the first BSR message 331
which is in progress from the first ready user. Therefore, the
third ready user cannot transmit, as indicated by a dashed
shape 333. (The third ready user may try again upon the next
SR session, or it may initiate a random access procedure to

20

25

30

35

40

45

50

55

60

65

12

gain access more quickly, or the base station may allocate
additional symbol-times for users to avoid being blocked
out, or the base station may allocate subsequent resources by
which a blocked-out ready user may transmit a message
identifying the blocked-out ready user, specifying the data
message size, and requesting a grant.)

A fourth ready user is in section 6 at position 4. Since
section 6 corresponds to the third symbol-time 325, the
fourth ready user transmits its BSR message 334 BSR4 as
shown.

The base station can then receive the signals in the user
poll region, demodulate the BSR messages (without a
demodulation reference, since they are in QPK which does
not include amplitude modulation), and can thereby deter-
mine from the BSR messages how much resources are
needed to upload each of the ready data messages (other than
the third user device, which was blocked in this example).

FIG. 3B is a schematic showing another exemplary
embodiment of a resource grid including scheduling
requests and BSR messages, according to some embodi-
ments. In contrast to the previous example, in this case extra
symbol-times are allocated in the user poll region to accom-
modate user devices that cannot switch from receive mode
to transmit mode quickly. As depicted in this non-limiting
example, a resource grid includes first and second slots 341,
342 with subcarriers 343. Various downlink control mes-
sages and DMRS (not labeled) are shown, followed by a
modulated Start-SR indicator 344 initiating an SR session.
Accordingly, in the first symbol-time of the next scheduled
uplink interval, a section poll 345 is allocated for user
devices to transmit short signals indicating their readiness to
upload data messages. Each subcarrier of the section poll
305 is associated with one of the sections, respectively, and
the ready users can transmit their signals in the subcarrier
associated with their section. In this case, three signals 353,
355, 356 indicate that sections 3, 5, 6 include at least one
waiting data message.

The base station receives the section poll 345 and, in the
next scheduled downlink interval, broadcasts a section mes-
sage 362 indicating the number of ready sections and their
section numbers as shown. The base station allocates a user
poll region in the next scheduled uplink interval as indicated
by curvy arrows, with subcarriers equal to the number of
user devices in a section, and a number of symbol-times. In
this case, the number of symbol-times in the user poll equals
to the number of ready sections times two, plus two, that is,
eight symbol-times. The extra symbol-times are to accom-
modate BSR messages and to accommodate user devices
that cannot switch from receive mode to transmit mode in a
single symbol-time. Those user devices may therefore need
an extra symbol-time between detection of potential inter-
ference and starting their transmission.

The ready users can receive the section message 362 and
can transmit a BSR message in the allocated user poll
region, starting in the symbol-time 363, 364, 365 associated
with their section (first symbol-time for the first-named
section in the section message, and so forth). The BSR is an
8-bit message indicating the size of the data message and
occupying four resource elements when modulated in
QPSK. Each ready user transmits its BSR message time-
spanning, starting in the symbol-time associated with their
section and extending through four successive symbol-
times. However, the ready users are not permitted to transmit
a BSR message if the subcarrier is already occupied by
another BSR message, to avoid collisions. To accommodate
user devices that cannot switch rapidly between receive and
transmit modes, an extra symbol-time is allocated between



US 11,627,592 B2

13

each successive section’s starting region. Although this
increases the amount of resources required for the user poll,
it may avoid collision between BSR messages, especially
when reduced-capability user devices are involved.

Section 3 includes two ready users in this case, residing
in positions 2 and 7 of the third section. Accordingly, the first
ready user transmits its BSR message 371 on the second
subcarrier starting in the first symbol-time 363 of the SR-
reply region and continuing for the next three symbol-times,
as shown by “BSR1”. The second ready user, which is also
in the same section at position 7, transmits its BSR2 message
372 starting in the same symbol-time 363 (since it is in the
same section), but in subcarrier seven according to its
position in the section.

A third ready user is in section 5 at position 2. Therefore,
the third ready user would like to transmit its BSR message
starting in the third symbol-time 364 (corresponding to
section 5, and including the extra symbol-time between the
symbol-times associated with the third and fifth section 363,
364), at the second subcarrier (corresponding to the second
position in the section). However, even with the extra
symbol-time, the second subcarrier is still occupied by the
first BSR message 371 which is in progress from the first
ready user. Therefore the third ready user cannot transmit, as
indicated by a dashed shape 373. The third ready user may
try again upon the next SR session. Alternatively, in some
embodiments, the third ready user may initiate a random
access procedure to gain access more quickly. In yet another
embodiment, the base station may allocate additional sym-
bol-times for the BSR messages to avoid ready users from
being blocked out. In yet another embodiment, the base
station may allocate subsequent resources by which a
blocked-out ready user may transmit a message identifying
the blocked-out ready user, specifying the data message size,
and requesting a grant.

A fourth ready user is in section 6 at position 4. Since
section 6 corresponds to the third symbol-time 365, the
fourth ready user transmits its BSR message 374 BSR4 as
shown.

The base station can then receive the signals in the user
poll region, demodulate the BSR messages (without a
demodulation reference, since they are in QPK which does
not include amplitude modulation), and thereby determine
from the BSR messages how much resources to grant to each
of the ready users.

FIG. 3C is a flowchart showing an exemplary embodi-
ment of a process for user devices to transmit scheduling
requests including BSR messages, according to some
embodiments. As depicted in this non-limiting example, at
380 a base station divides the user devices of a network into
sections and informs each user device of its section number
and its position in that section. At 381, the base station
initiates an SR session using, for example, a message or
command, a network-specified schedule, a predetermined
periodicity, or otherwise. The base station also allocates
resources for a section poll in which each user device with
a data message ready to send can indicate which section it
is in.

At 382, each ready user transmits a short signal at a
symbol-time of the section poll and at a subcarrier frequency
corresponding to the ready user’s section number. User
devices that do not have a message to upload remain silent.
At 383, the base station receives the section poll, and
determines which sections include at least one user device
with a data message to send. The base station may be
configured to have a very wide acceptance as to the type and
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modulation of the signals, since in some cases the signals
may be collided due to multiple ready users in a single
section.

At 384, the base station broadcasts a section message
repeating the information of the section poll so that the ready
users, which may not be able to receive the section poll, can
determine which sections include ready users. The section
message may be a copy of the section poll, or it may include
a list of the ready sections. At 385, the base station allocates
an uplink user poll region including one resource element
for each user device in each of the ready sections. For
example, the base station can allocate a number of symbol-
times equal to the number of ready sections in the section
message plus three (to accommodate the BSR messages),
and a number of subcarriers equal to the current number (or
the maximum number) of user devices in each section.

At 386, each ready user transmits a BSR message indi-
cating the size of the data message. The BSR message may
start in a symbol-time associated with the section of the
ready user, and may occupy a subcarrier corresponding to
the ready user’s position in that section. The BSR message
may thereby be time-spanning. At 387, the base station
receives the BSR messages, determines according to the
time and frequency which user devices request grants, and
then downloads message grants to those ready users to
transmit their data messages.

The following examples pertain to SR sessions in which
the user poll region is confined to a single symbol-time.

FIG. 4A is a schematic showing an exemplary embodi-
ment of a resource grid including a frequency-spanning user
poll region, according to some embodiments. As depicted in
this non-limiting example, a base station may allocate a user
poll region all in a single symbol-time, for faster responses.
As in previous examples, the base station divides the user
devices among several sections and initiates an SR session.
The figure depicts a resource grid 401 with subcarriers 403
and an allocated section poll 405 in which the ready users
have inserted signals at positions corresponding to their
section numbers. Then the base station broadcasts a section
message 406 including, in this embodiment, a short-form
demodulation reference “DR”, the number of ready sections
“NS”, and those section numbers “S3, S5, S6”. The base
station then allocates a user poll region 407 which, in this
embodiment, is frequency-spanning in a single symbol-time
for all three sections 423, 425, 426. Thus the subcarrier of
each signal in the user poll region 407 indicates both the
section number and the position of the user device in its
section. The base station can then determine which user
device transmitted which signal in the user poll region 407,
and may provide a BSR grant to each user device for
subsequent uploading.

FIG. 4B is a flowchart showing an exemplary embodi-
ment of a method for user devices to obtain an uplink grant,
according to some embodiments. As depicted in this non-
limiting example, at 450 a base station assigns user devices
to sections and informs each user device of its address or
position in that section. At 451, in an allocated section poll,
each ready user transmits a short signal in the section poll at
a subcarrier corresponding to the ready user’s section. At
452, the base station receives the section poll and determines
which sections have at least one ready user. At 453, the base
station broadcasts a section message listing the ready sec-
tions. A 454, the base station allocates a frequency-spanning
region for the ready users to transmit their scheduling
requests, with enough resource elements to equal the user
devices in all of the ready sections. At 455, the ready users
transmit a short signal in the uplink user poll region at a
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subcarrier according to the ready user’s section and position
in that section. At 456, the base station determines which
user devices request access and transmits a BSR grant to
each of them. At 457, the ready users upload their BSR
messages. At 458, the base station provides a message grant,
and at 459 the ready users transmit their data messages.

The following examples pertain to SR sessions in which
the ready users can submit BSR messages as the uplink grant
requests.

FIG. 5A is a schematic showing an exemplary embodi-
ment of a resource grid including scheduling requests in a
frequency-spanning configuration with BSR messages,
according to some embodiments. As depicted in this non-
limiting example, a base station may allocate a user poll
region with a number of subcarriers equal to the number of
user devices in all of the ready sections, and a number of
symbol-times equal to the length of a time-spanning BSR
message (four symbol-times in QPSK). As in previous
examples, the base station divides the user devices among
several sections and initiates an SR session. The figure
depicts a resource grid 501 with subcarriers 503 and an
allocated section poll 502 in which the ready users have
inserted signals at positions corresponding to their section
numbers. Then the base station broadcasts a section message
504 including, in this embodiment, a short-form demodula-
tion reference “DR”, the number of ready sections “NS”,
and those section numbers “S3, S5, S6”. The base station
then allocates a user poll region which, in this embodiment,
is a rectangular region, with the ready sections frequency-
spanning and the BSR messages time-spanning across sym-
bol-times 505, 506, 507, 508. Thus the subcarrier of each
BSR message in the user poll indicates both the section
number and the position of the user device in its section. The
base station can then determine which user device transmit-
ted which BSR message in the uplink reply region 507, and
may provide a message grant 509 to each user device for
subsequent uploading of the data message.

FIG. 5B is a flowchart showing an exemplary embodi-
ment of a process for user devices to file scheduling requests
with BSR messages, according to some embodiments. As
depicted in this non-limiting example, at 550 a base station
assigns user devices to sections and informs each user
device of its address or position in that section. At 551, in an
allocated section poll, each ready user transmits a short
signal in the section poll at a subcarrier corresponding to the
ready user’s section. At 552, the base station receives the
section poll and determines which sections have at least one
ready user. At 553, the base station broadcasts a section
message listing the ready sections. Base station allocates a
rectangular region of the resource grid for the ready users to
transmit their BSR messages indicating how large the data
messages are. The region has subcarriers equal to the user
devices in all of the ready sections, and symbol-times equal
to the length of a BSR message. At 554, the ready users
transmit their BSR messages in the uplink reply region, at a
subcarrier according to the ready user’s section and position
in that section. At 555, the base station determines which
user devices request access and how much space they need.
At 556, the base station provides a message grant, and at 557
the ready users transmit their data messages.

The following examples pertain to SR sessions in which
high-priority user devices receive uplink service ahead of
the lower-priority user devices.

FIG. 6A is a schematic showing an exemplary embodi-
ment of a resource grid including high and low priority
scheduling requests, according to some embodiments. As
depicted in this non-limiting example, a resource grid with
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a first and second slot 601, 602 and subcarriers 603 includes
an SR-start command 604 prompting ready users to transmit
a short signal indicating readiness to upload a data message.
However, in this example, the base station allocates a
high-priority user poll 605 for high-priority user devices,
before the section poll 606 for low-priority user devices. The
high-priority user poll 605 provides one resource element
for each high-priority user device. The high-priority user
poll 605 is not cascaded and does not use sections, in this
embodiment. For example, a high-priority user may be a
user with high default QoS demands.

Each high-priority user that has been assigned one of the
resource elements of the high-priority user poll 605 then
transmits a short signal on its allocated subcarrier and
symbol-time. In the depicted case, one high-priority user
device 627 transmits a signal on its allocated resource
element as shown.

The low-priority user devices can then insert short signals
in the section poll 606, at a subcarrier according to the
low-priority user device’s section number. In this case, three
sections (the third, fifth, and sixth sections) include signals
623, 625, 626 thereby indicating that those sections include
at least one ready user.

Instead of serving the low-priority user devices, in this
case, the base station first attends to the single high-priority
user device 627, as indicated by a curvy dashed arrow. The
base station transmits a BSR grant 607 to the high-priority
user device 627, and in the next uplink scheduled interval
(which is the uplink control symbol-time in this case), the
high-priority user device 627 transmits its BSR message
608. The base station then provides a message grant 609 in
the downlink control symbol-time, and the high-priority user
device then transmits its data message 610.

The base station can then return to the low-priority user
devices. In a scheduled downlink interval, the base station
transmits a section message 611 which includes a short-form
demodulation reference DR (if not already provided else-
where), the number of ready sections NS, and those section
numbers S3 etc. The user devices can then transmit short
scheduling requests on allocated symbol-times 613, 615,
616 according to the section number, and on a subcarrier
according to the ready user’s position in its section. In this
case, four ready users transmitted scheduling requests 631,
632, 633, 634.

Not shown, but probably desirable, are demodulation
references in the two slots to enable reliable demodulation of
the BSR grant 607 and the message 610. Not shown, but
probably necessary, are resources for an acknowledgement
download to the high-priority user device indicating recep-
tion or otherwise of its data message 610. In another
embodiment, the section message 611 may omit the NS
field. Instead of explicitly specifying how many ready
sections, the base station may just list their section numbers,
since the user devices can determine the number of ready
sections by counting the section numbers that follow.

FIG. 6B is a flowchart showing an exemplary embodi-
ment of a process for user devices to provide scheduling
requests of low and high priority, according to some embodi-
ments. As depicted in this non-limiting example, at 650 a
base station assigns each user device to one of a plurality of
sections and a particular position in its section. At 651, base
station initiates an SR session. High-priority user devices are
served first. Each high-priority user device has an exclusive
resource element assigned, so that they can transmit a short
scheduling request and obtain uplink service with low
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latency. At 652, the base station also allocates a section poll
which the low-priority ready users can insert signals accord-
ing to their section number.

Before doing anything with the section poll, other than
receiving it, the base station at 653 provides a BSR grant to
each requesting high-priority user, receives its BSR mes-
sage, provides a message grant, and receives the high-
priority data message.

Then, at 654, the base station broadcasts a section mes-
sage listing the ready sections. The section message, if
modulated, may include a demodulation reference or be
proximate to one. At 655, each low-priority ready user then
transmits a short scheduling request signal in an allocated
low-priority user poll region. The ready user indicates its
section number according to the symbol-time of its signal,
and indicates its position in that section according to the
subcarrier of its signal. The base station then identifies the
ready users accordingly, provides BSR grants, receives their
BSR messages, provides message grants, and receives the
low-priority data messages.

In another embodiment, the base station may delay the
section poll if any high-priority user device transmits during
the high-priority user poll region. In that case, the base
station may serve those high-priority users first, and then
allocate resources for the section poll. In yet another
embodiment, the base station may initiate separate high-
priority sessions and low-priority sessions at different times,
thereby avoiding delays and interference between the two
classes of users.

The wireless embodiments of this disclosure may be aptly
suited for cloud backup protection, according to some
embodiments. Furthermore, the cloud backup can be pro-
vided 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, in some applications, could result in hazards including
lethal hazards, such as in applications related to traffic safety,
electric grid management, law enforcement, or national
security.

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 software or
firmware) may be upgradable or updatable, to provide
additional capabilities and/or to fix 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 convenience 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 satisfaction.

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

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

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

What is claimed is:

1. A method for a base station to communicate in a
wireless network comprising a plurality of user devices, the
method comprising:

a) allocating the plurality of user devices among integer

Nsec sections, each section having a maximum capac-
ity of Nmax users;
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b) receiving one or more signals in a first region of a
resource grid, the first region comprising at least Nsec
resource elements of the resource grid, each section
assigned to one of the resource elements of the first
region, respectively;

¢) determining, from the signals in the first region, which
sections includes at least one ready user, wherein a
ready user comprises a user device seeking an uplink
grant, a ready section comprises a section that includes
at least one ready user, and a non-ready section com-
prises a section that includes no ready users;

d) broadcasting a section message indicating which sec-
tions include at least one user device seeking an uplink
grant;

e) receiving further signals in a second region of the
resource grid; and

f) determining, from the further signals, which user
devices seek uplink grants.

2. The method of claim 1, wherein the section message is

broadcast according to 5G or 6G technology.

3. The method of claim 1, further comprising:

a) allocating, in the second region, resource elements
assigned to the ready sections, while avoiding allocat-
ing resource elements to the non-ready sections.

4. The method of claim 1, wherein:

a) the second region includes Nmax resource elements for
each section that has at least one user device seeking an
uplink grant; and

b) the second region includes no resource elements for
any section that has zero user devices seeking an uplink
grant.

5. The method of claim 1, further comprising:

a) receiving a particular signal in a particular resource
element of the first region, the particular resource
element associated with a particular section; and

b) determining, based on the detecting, that the particular
section includes at least one user device seeking an
uplink grant.

6. The method of claim 5, wherein:

a) the receiving the particular signal comprises detecting
electromagnetic transmission, regardless of modulation
or lack of modulation, at a particular subcarrier fre-
quency and a particular symbol-time corresponding to
the particular resource element.

7. The method of claim 1, further comprising:

a) setting each resource element of the section message to
a first value when the section associated with the
resource element includes at least one user device
seeking an uplink grant; and

b) setting the resource element to a second value when the
section associated with the resource element includes
no user devices seeking an uplink grant.

8. The method of claim 7, wherein:

a) the first region comprises integer Nsc subcarriers and
integer Nsym symbol-times of a resource grid; and

b) the section message comprises Nsc subcarriers and
Nsym symbol-times of the resource grid.

9. The method of claim 1, wherein the section message
comprises a list of section numbers of the sections that
include at least one user device seeking an uplink grant.

10. The method of claim 9, wherein the section message
indicates how many section numbers are listed in the section
message.
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11. The method of claim 10, wherein:

a) the section message is modulated according to a
modulation scheme; and

b) the section message includes or is proximate to a
demodulation reference modulated according to the
modulation scheme.

12. The method of claim 1, further comprising:

a) determining one or more high-priority user devices;

b) allocating a high-priority region of the resource grid,
each resource clement of the high-priority region
assigned to one of the high-priority user devices;

¢) receiving one or more signals in the high-priority
region; and

d) before transmitting the section message, for each signal
received in the high-priority region, transmitting an
uplink grant to each high-priority user associated with
the signal in the high-priority region.

13. The method of claim 1, further comprising:

a) allocating, in the second region, sufficient resource
elements to accommodate a BSR (buffer state report)
message transmitted by a user device seeking an uplink
grant;

b) receiving, in the second region, the BSR message;

¢) determining, according to a frequency and a time of the
BSR message, which user device seeks an uplink grant;

d) determining, according to contents of the BSR mes-
sage, a size of a planned message; and

e) transmitting, to the user device that transmitted the
BSR message, a message grant allocating resources for
transmitting the planned message.

14. A particular user device including a processor and
associated memory, of a wireless network comprising a
plurality of user devices, each of the plurality including
processors, in signal communication with a base station, the
particular user device configured to:

receive, from the base station, a message indicating a
particular section number and a articular position
within the particular section;

receive, from the base station, a polling schedule or a
polling command, the polling schedule or polling com-
mand configured to indicate a first region of a resource
grid;

using the processor, determine which particular resource
element of the first region corresponds to the particular
section number;

if the particular user device seeks an uplink grant, trans-
mit, in the particular resource element of the first
region, a first signal;

receive a section message, broadcast by the base station,
the section message indicating which sections include
at least one user device seeking an uplink grant;

receive or determine a second region of the resource grid,
and determine, using the processor and according to the
particular section number and the particular position, a
particular resource element in the second region;

transmit, in the particular resource element of the second

region, a second signal;

count how many sections are indicated in the section
message preceding, in time or in frequency, the
particular section; and

determine the particular resource element in the second
region according to how many sections are indicated,
in the section message, preceding the particular
section;

wherein the second region includes resource elements
corresponding to every section that has at least one
user device seeking an uplink grant, and includes no
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resource elements corresponding to sections that
have no user devices seeking an uplink grant.

15. The particular user device of claim 14, wherein either:

the second signal occupies a single resource element; or

the second signal comprises a BSR (buffer state report)
message.

16. Non-transitory computer-readable media in a memory
of a base station of a wireless network comprising user
devices, the media containing instructions that, when
executed by a computing environment, cause a method to be
performed, the method comprising:

allocating integer Nsec numbered sections, each section

comprising integer Nmax positions;

assigning each user device to one of the sections and one

of the positions;

allocating a section poll comprising a first region of a

resource grid, and assigning each section to one
resource element in the first region;
receiving, in the first region, one or more signals, each
signal indicating that at least one user device, associ-
ated with the signal, seeks an uplink grant;

determining, according to which resource elements of the
first region include a signal, which sections include at
least one user device seeking an uplink grant;
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broadcasting a section message indicating which sections
include at least one user device seeking an uplink grant;

determining a number Nready of sections that include at
least one user device seeking an uplink grant;

allocating a second region of the resource grid, the second
region comprising NreadyxNmax resource elements;
and

receiving, in the second region, one or more user signals,
each user signal indicating, according to a time and
frequency of the user signal, which user device seeks an
uplink grant.

17. The media of claim 16, wherein:

the second region includes a resource element assigned to
each user device in each ready section; and

the second region includes no resource elements assigned
to user devices in non-ready sections; wherein

a ready section comprises a section that includes at least
one user device seeking an uplink grant, and a non-
ready section is a section that includes zero user
devices seeking an uplink grant.
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