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SYSTEMS AND METHODS TO MAINTAIN TIME
SYNCHRONIZATION BETWEEN NETWORKED DEVICES

TECHNICAL FIELD
[0001] The field of the present disclosure relates to wireless communication
between devices. More specifically, the present disclosure relates to techniques used to

maintain time synchronization between networked devices.

BACKGROUND

[0002] Mesh communication networks may be used in resource metering. For
example, network endpoints, such as metering devices, can communicate wirelessly with
other nodes or devices included in the mesh communication network. When the mesh
communication networks rely on Time Synchronous Channel Hopping (TSCH)
techniques for communication, maintaining time synchronization between the devices
may be necessary to maintain communication links between devices. For example, time
synchronization between the devices may enable the devices to hop to a new
communication frequency channel at the same, scheduled time.  When time
synchronization between two linked devices fails, the devices may not hop to the new
communication frequencies at the correct times, which may result in the failure of a
communication link between the two linked devices.

[0003] To prevent the potential timing desynchronization of the devices, network
beacons are periodically transmitted by devices in the mesh communication network. If a
device is transmitting data during a beacon time slot, the device may miss a network
beacon from another device intended to time synchronize the two devices. Thus, the two
devices may quickly fall out of synchronization due to the transmitting device missing the
network beacon. Upon falling out of synchronization, a child device may perform a
discovery process to generate a new and synchronized relationship with the previous
parent device or a new neighboring device. Unnecessary discovery processes may
overload the mesh communication network bandwidth, which may have a negative
impact on the overall performance of the mesh communication network. Additionally,

any child devices of the devices performing the new discovery processes may also be
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negatively affected while the child devices are not in communication with the mesh

communication network.

SUMMARY

[0004] Methods for maintaining time synchronization between networked devices
are provided. According to various aspects of the present disclosure, a time
synchronization maintenance method includes determining, by a node of a mesh
communication network, a transmission time to transmit data in a transmission queue.
The method also includes determining, by the node, an amount of time until
commencement of a next beacon signal slot used to transmit a time synchronization
beacon signal from the node or another node of the mesh communication network.
Further, when the transmission time is greater than the amount of time until
commencement of the next beacon signal slot, the method includes delaying transmission,
by the node, of at least a portion of the data in the transmission queue until completion of
the next beacon signal slot.

[0005] In an additional example, a node of a networked system includes a
processor that executes computer-readable instructions and a memory that stores the
computer-readable instructions that, when executed by the processor, cause the processor
to perform operations. The operations include determining a transmission time to
transmit data in a transmission queue. The operations also include determining an
amount of time until commencement of a next beacon slot for a time synchronization
beacon signal from the node or another node of a mesh communication network.
Additionally, when the transmission time is greater than the time until commencement of
the next beacon slot, the operations include delaying transmission of at least a portion of
the data in the transmission queue until completion of the next beacon slot.

[0006] In another example, a non-transitory computer-readable medium has
instructions stored thereon that are executable by a processing device to perform
operations. The operations include determining a transmission time to transmit data in a
transmission queue. The operations also include determining an amount of time until
commencement of a next beacon slot for a time synchronization beacon signal from a
node of a mesh communication network. Further, when the transmission time is greater

than the time until commencement of the next beacon slot, the operations include
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delaying transmission of at least a portion of the data in the transmission queue until
completion of the next beacon slot.

[0007] These illustrative aspects and features are mentioned not to limit or define
the presently described subject matter, but to provide examples to aid understanding of
the concepts described in this application. Other aspects, advantages, and features of the
presently described subject matter will become apparent after review of the entire

application.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Aspects and features of the various examples will be more apparent by

describing examples with reference to the accompanying drawings, in which:

[0009] FIG. 1 is a block diagram of a networked system and a mesh
communication network of nodes, according to certain examples of the present
disclosure.

[0010] FIG. 2 is a communication time slot chart including a large data

transmission that overlaps a beacon time slot, according to certain examples of the present
disclosure.

[0011] FIG. 3 is a communication time slot chart including the large data
transmission of FIG. 2 time shifted to after the beacon time slot, according to certain
examples of the present disclosure.

[0012] FIG. 4 is a communication time slot chart including the large data
transmission of FIG. 2 split between two transmission time slots surrounding the beacon
time slot, according to certain examples of the present disclosure.

[0013] FIG. 5 1s an example of a block diagram of a node of the networked system
of FIG. 1, in accordance with one or more examples.

[0014] FIG. 6 is a flowchart of a process for maintaining time synchronization
between networked devices, according to certain examples of the present disclosure.
[0015] FIG. 7 is a chart of data transmission examples using the process of FIG. 6,

according to certain examples of the present disclosure.

DETAILED DESCRIPTION
[0016] While certain examples are described herein, these examples are presented

by way of example only, and are not intended to limit the scope of protection. The

(98]
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apparatuses, methods, and systems described herein may be embodied in a variety of
other forms. Furthermore, various omissions, substitutions, and changes in the form of
the example methods and systems described herein may be made without departing from
the scope of protection.

[0017] Certain aspects and examples of the disclosure relate to maintaining time
synchronization between devices of a mesh communication network. The devices or
nodes may be components of a mesh communication network associated with resource
metering. In such an example, the nodes may be used to provide resource metering
information, status information, or other data communications to other devices in the
mesh communication network, such as additional metering nodes or a head-end system of
the mesh communication network.

[0018] When the mesh communication network uses a Time Synchronous Channel
Hopping (TSCH) scheme, the devices in the mesh communication network must maintain
time synchronization to ensure that the devices hop to the scheduled frequency channels
at the appropriate time. To maintain the time synchronization between devices, a time
synchronization beacon signal may be transmitted from one device of the mesh
communication network to another. A device on the mesh communication network can
become desynchronized if the device misses the time synchronization beacon signal.
Desynchronization of the device may result in a link with a parent node being lost and
necessitate the device undergoing a new neighbor discovery process.

[0019] The described examples provide techniques to maintain synchronization of
the devices in the mesh communication network. In particular, the techniques ensure that
the devices in the mesh communication network schedule data transmissions in a manner
that avoids missing the time synchronization beacon signals. For example, the devices in
the mesh communication network actively determine transmission lengths of data
transmissions and reschedule the data transmissions for time periods that do not overlap
with the time synchronization beacon signals.

[0020] FIG. 1 is a block diagram illustrating an example of a networked system
100 and a mesh communication network 101 of nodes. The networked system 100 and
the mesh communication network 101 provide a network infrastructure for devices (e.g.,
resource consumption meters, vehicles, home appliances, etc. that include communication

technology) to communicate across a network of nodes (i.e., other devices), the internet,
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and/or an intranet. The networked system 100 includes a head-end system 102, which
may function as a central processing system that receives a stream of data from a network
104. The network 104 may be the internet, an intranet, or any other data communication
network. The mesh communication network 101 may include a root node 106 that
provides a communication path between the network 104 and other nodes 108a and 108b.
For example, the root node 106 may collect data from the nodes 108a and 108b and
transmit the collected data to the network 104 and ultimately to the head-end system 102
of the networked system 100. The root node 106 may be a personal area network (PAN)
coordinator, an internet gateway, or any other device capable of connecting to the
network 104. Further, node 112a may communicate with the root node 106 by way of the
node 108a, and nodes 112b and 112¢ may communicate with the root node 106 by way of
the node 108b.

[0021] The root node 106 may generally be referred to as a parent node due to data
links with the nodes 108a and 108b that are located at a node layer (e.g., layer one) below
the root node 106. For example, the root node 106 is illustrated as communicating
directly with the network 104. As illustrated, nodes 108a and 108b may also be referred
to as parent nodes due to data links with the nodes 112a and the nodes 112b and 112¢,
respectively, which are located at a node layer (e.g., layer two) below the nodes 108a and
108b. The nodes 108a, 108b, 112a, 112b, and 112¢ may all funnel information up
through the node layers to the root node 106, to the network 104, and ultimately to the
head-end system 102.

[0022] Each of the nodes 106, 108a, 108b, 112a, 112b, and 112¢ are linked with at
least one of the other nodes 106, 108a, 108b, 112a, 112b, and 112¢. Communication
links 114 may be created between the nodes 106, 108a, 108b, 112a, 112b, and 112c¢ to
enable communication between the nodes 106, 108a, 108b, 112a, 112b, and 112¢. For
example, each of the nodes 106, 108a, 108b, 112a, 112b, and 112¢ may communicate
with each other using wired or wireless communication links 114.

[0023] In some examples, the nodes 112a, 112b, and 112¢ may represent battery
endpoints (BEPs) or another type of low-power and lossy endpoints. That is, components
of the nodes 112a, 112b, and 112c¢ are powered by a power source other than mains power
(e.g., powered by battery power, solar power, wind generated power, etc.). In an

example, battery endpoints are used in gas or water metering devices that are not
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necessarily located within an accessible proximity to a mains power source. The battery
endpoints may also be used in electricity metering devices or any other metrology device.
[0024] Wireless communications between devices in the mesh communication
network 101 can be unreliable due to the unpredictability of the wireless medium. To
enhance reliability, a Time Synchronous Channel Hopping (TSCH) scheme may be
implemented in the mesh communication network 101 for wireless data transmission.
The TSCH scheme may reduce the impact of the wireless medium unpredictability, which
enhances the reliability of low power and lossy devices on the mesh communication
network 101, such as battery endpoints.

[0025] In an example, the TSCH scheme may rely on communication across
different frequency channels and different time slots. The mesh communication network
101, and the nodes 106, 108a, 108b, 112a, 112b, and 112¢ within the mesh
communication network 101, may operate using known frequency channel hopping
sequences. In other words, the nodes 106, 108a, 108b, 112a, 112b, and 112¢ are aware of
the frequency channel hopping sequences, and the nodes 106, 108a, 108b, 112a, 112b,
and 112c¢ are able to shift to appropriate frequency channels at designated time slots.
[0026] Communication between the nodes 106, 108a, 108b, 112a, 112b, and 112¢
may take place on a new radio-frequency channel for each data transmission slot of the
TSCH scheme. Thus, the TSCH scheme 1s highly dependent on reliable time keeping
between a child node (e.g., node 112a) and a parent node (e.g., 108a) of the child node.
To maintain synchronization, periodic time synchronization beacon signals are
transmitted from parent nodes to child nodes. The periodic time synchronization beacon
signals may be transmitted during beacon signal slots. The data transmission slots and
the beacon signal slots of the TSCH scheme may have the same time length (e.g., 25 ms).
[0027] Once a node is synchronized with a parent node, the devices can remain
synchronized for a finite amount of time without receiving the periodic time
synchronization beacon signal. Upon receiving the periodic time synchronization beacon
signal from a parent node, a child node is able to resynchronize with the parent node. If
the periodic time synchronization beacon signal is missed by the child node, the child
node may lose synchronization with the parent node and require a new neighbor node
discovery process to resynchronize the child node with a new parent node or the previous

parent node.
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[0028] In operation, fewer or more nodes may be included in the mesh
communication network 101, and more root nodes 106 may also be included in the
networked system 100. In an example, the root node 106 may include a Personal Area
Network (PAN) size of 1000 nodes. In other words, the root node 106 may support the
mesh communication network 101 with 1000 nodes, such as the nodes 108a, 108b, 112a,
112b, and 112¢. In such an example, when the time slots for data transmission are 25 ms
in length, a synchronization beacon signal time slot may be scheduled for every eleventh
slot. If the PAN size is doubled for the root node 106, a frequency offset system may be
established. The frequency offset system may assign frequency offsets to half of the
nodes for transmitting the periodic time synchronization beacon signal. Assignment of
the frequency offsets may enable the number of nodes to double without also doubling the
time required for the periodic time synchronization beacon signals.

[0029] In some examples, each of the nodes 108a, 108b, 112a, 112b, and 112¢ are
assigned a different beacon signal slot. In other words, every eleventh time slot may be a
beacon signal time slot assigned to a different node 108a, 108b, 112a, 112b, or 112¢
within the mesh communication network 101. To avoid missing the time synchronization
beacon signal, the nodes 108a, 108b, 112a, 112b, and 112¢ may avoid transmitting data
during each of the beacon signal time slots of the mesh network 101, during the beacon
signal time slots of their parent nodes, if known, or during a combination of the beacon
time slots of their parent nodes, if known, and their own beacon signal time slots.

[0030] While the mesh communication network 101 depicted in FIG. 1 includes a
root node layer (i.e., the root node 106), layer one (i.e., the nodes 108a and 108b), and
layer two (i.e., the nodes 112a, 112b, and 112¢), fewer or more node layers are also
contemplated. Further, while FIG. 1 depicts a specific network topology (e.g., a DODAG
tree topology), other network topologies are also possible (e.g., a ring topology, a mesh
topology, a star topology, etc.).

[0031] FIG. 2 is a communication time slot chart 200 including a large data
transmission 202 that overlaps a beacon time slot 204. The communication time slot
chart 200 may represent time slots for the mesh communication network 101. Other
nodes 108a, 108b, 112b, and 112¢ may include similar communication time slot charts.
As illustrated, the communication time slot chart 200 includes time slots 206, which are

numbered from O to 4 to count a number of time slots between the beacon time slots 204.
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The beacon time slot 204 may be part of the set of time slots 206. For example, the
beacon time slot 204 may be at every fifth time slot and include a label of ‘0. Time
synchronization beacon signals 208 may be transmitted during each of the beacon time
slots 204 to maintain synchronization between parent nodes and child nodes.

[0032] In an example, the node 112a communicating in the communication time
slot chart 200 may be capable of maintaining synchronization with a parent node for a
time period 210 of seven time slots 206 before a communication link with the parent node
degrades when the communication link is established with a TSCH scheme. To maintain
synchronization with the parent node, the node 112a receives the time synchronization
beacon signal 208 within the time period 210.

[0033] In an example, a large data transmission 202 may be transmitted by the
node 112a to neighboring nodes. As illustrated, the large data transmission 202 overlaps
with the beacon time slot 204. Due to overlapping of the large data transmission 202 with
the time synchronization beacon signal 208, the node 112a may miss the time
synchronization beacon signal 208. By missing the time synchronization beacon signal
208, a clock of the node 112a may be so far out of synchronization that it is no longer
able to communicate with the parent node at a time slot 212. This loss of synchronization
may occur before a subsequent time synchronization beacon signal 208 is received by the
node 112a, and the communication link between the node 112a and the parent node may
be lost. In losing the communication link, the node 112a may undergo an additional node
discovery operation to generate a new communication link with the parent node or an
additional node neighboring the node 112a (e.g., the node 108b of FIG. 1).

[0034] FIG. 3 1s a communication time slot chart 300 including the large data
transmission 202 time shifted to a time slot 302 that occurs after the beacon time slot 204,
In an example, the node 112a may determine that the large data transmission 202 depicted
in FIG. 2 cannot be completed prior to the beacon time slot 204. Upon making that
determination, the node 112a may not commence transmission of the large data
transmission 202 until after the beacon time slot 204 is completed even when a populated
time synchronization beacon signal is not populated in the beacon time slot 204 (e.g.,
when the PAN size of the root node 106 is not completely filled with child nodes).

[0035] FIG. 4 is a communication time slot chart 400 including the large data

transmission 202 split between two transmission periods 402 and 404 surrounding the
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beacon time slot 204. In an example, the node 112a may again determine that the large
data transmission 202 cannot be completed prior to the beacon time slot 204. Upon
making that determination, the node 112a may begin transmission of the large data
transmission 202 during the first transmission period 402 prior to the beacon time slot
204, pause transmission during the beacon time slot 204, and recommence transmission
of the large data transmission 202 during the second transmission period 404 after the
beacon time slot 204. In an additional example, the node 112a may fragment the large
data transmission 202 in a manner that a first fragment of the large data transmission 202
1s transmitted during the first transmission period 402 and a second fragment of the large
data transmission 202 is transmitted during the second transmission period 404.

[0036] In either of the communication time slot charts 300 and 400, the node 112a
avoids missing the time synchronization beacon signal 208. Accordingly, the node 112a
1s able to maintain synchronization with a parent node and to transmit the large data
transmission 202

[0037] FIG. 5 is an example of a block diagram of a node 106, 108, or 112 of the
networked system 100, in accordance with one or more examples. Some or all of the
components of a computing system 500 can belong to one or more of the nodes 106,
108a, 108b, 112a, 112b, and 112¢ of FIG. 1. The computing system 500 includes one or
more processors 502 communicatively coupled to one or more memory devices 514. The
computing system 500 executes program code that configures the processor 502 to
perform one or more of the operations described herein. For example, the memory
devices 514 may include a metering application 516 (e.g., to control operations of
metrology features of the nodes 106, 108a, 108b, 112a, 112b, and 112¢) and a
communication application 518 (e.g., to control the communications between the nodes
106, 108a, 108b, 112a, 112b, and 112¢). The program code of the metering application
516 and the communication application 518, which can be in the form of non-transitory
computer-executable instructions, can be resident in the memory device 514 or any
suitable computer-readable medium and can be executed by the processor 502. Execution
of such program code configures or causes the processor(s) to perform the operations
described herein with respect to the nodes 106, 108a, 108b, 112a, 112b, and 112¢. While
FIG. 5 depicts the metering application 516 stored within the memory devices 514, other
applications associated with other actions of the nodes 106, 108a, 108b, 112a, 112b, and
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112¢ may replace the metering application 516 or be added to the metering application
516 depending on the functionality of the nodes 106, 108a, 108b, 112a, 112b, and 112¢.
Further, the communication application 518 may provide instructions for the nodes 106,
108a, 108b, 112a, 112b, and 112¢ to implement multiple communication standards
including an RF mesh, RF mesh IP, or any other wired or wireless communication
standards.

[0038] The computing system 500 may also include an input/output (“1/O”)
interface 508 that can receive input from input devices or provide output to output
devices. The interface 508 may include RF antennas capable of transmitting and receiving
RF communication from other nodes 106, 108, or 112 in the mesh communication
network 101. The computing system 500 may also be able to communicate with one or
more other computing devices or computer-readable data sources using the interface 508.
Further, the computing system 500 may include a clock 510. The clock 510 is refreshed
using the synchronization beacon signals received from a parent node and is used for
timing the frequency channel hopping sequences of the TSCH scheme. Additionally, a
bus 506 can also be included in the computing system 500. The bus 506 can
communicatively couple one or more components of the computing system 500 and allow
for communication between such components.

[0039] FIG. 6 1s a flowchart of a process 600 for maintaining time synchronization
between networked devices such as two or more of the nodes 106, 108a, 108b, 112a,
112b, and 112¢. The process 600 1s described below as being performed by the node
112a. However, any of the nodes 106, 108a, 108b, 112a, 112b, and 112¢ may perform
the process 600 in a similar manner. At block 602, the processor 502 of the node 112a
determines that data is present in a transmission queue. The data may be metrology data
from the metering application 516, communications from parent or child nodes in
communication with the node 112a, or any other data received or obtained at the node
112a where transmission is desirable. In an example, the determination that data is
present in the transmission queue is made after the start of the current time slot.

[0040] At block 604, the processor 502 determines a number of available time
slots between a current slot and a beginning of a subsequent beacon transmission slot.

For example, the beacon transmission slots may occur after a regular number of

10
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transmission time slots. In an example, every eleventh time slot may be a beacon
transmission slot. Other beacon transmission slot frequencies may also be available.
[0041] If a slot number of the current slot is less than a slot number of the beacon
slot, then determining the number of available time slots between the current slot and the
beginning of a subsequent or next beacon transmission slot may be performed by
subtracting the slot number of the current slot from the slot number of the beacon slot.
For example, a slot number of the beacon slot of 55 and a slot number of the current slot
of 53 would result in 2 available time slot (e.g., 2=55-53).

[0042] If the slot number of the current slot is greater than the slot number of the
beacon slot, then determining the number of available time slots between the current slot
and the beginning of the subsequent beacon transmission slot may be performed by
subtracting the slot number of the current slot from an overall TSCH superframe length
and adding the slot number of the beacon slot. For example, an overall superframe length
of 11110, a slot number of a current slot of 1387, and a slot number of the beacon slot of
55 would result in 9778 available time slots (e.g., 9778=(11110-1387)+55).

[0043] At block 606, the processor 502 determines a number of transmission time
slots required to complete the transmission of the data in the transmission queue. The

following equation may be used to determine the number of transmission time slots:

p(8)(1000)
D = Quotient [+] +1 (Equation 1)

where D is the number of transmission time slots, p is a number of bytes to be transmitted
from the data, b is a baud rate used in a communication link to communicate with a
destination device, and t is a time slot duration.

[0044] At block 608, the processor 502 determines whether a number of
transmission time slots determined at block 606 is greater than the number of available
times slots determined at block 604. If the number of transmission time slots is not
greater than the number of available times slots, then, at block 610, the processor 502
proceeds with transmitting the data from the transmission queue. If the number of
transmission time slots is greater than the number of available time slots, then, at block
612, the processor 502 holds the transmission of the data until a subsequent transmission
period after the subsequent beacon transmission slot. In some examples, the processor

502, at block 612, may also divide the transmission into a first fragment and a second
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fragment for transmission of portions of the data before and after the beacon transmission
slot.

[0045] FIG. 7 is a chart 700 of data transmission examples using the process 600,
according to certain examples of the present disclosure. Each row of the chart 700
represents a different example for transmission of data using the techniques described
above. A first column 710 indicates a number of bytes p necessary to transmit the data.
A second column 712 indicates a baud rate b in kbps used to transmit the data using a
particular communication link. A third column 714 indicates a time t in milliseconds
(ms) for time slot duration. A fourth column 716 indicates a number of transmission time
slots D needed to transmit the data. A fifth column 718 indicates a transmission time in
ms for transmitting the data. A sixth column 719 indicates a TSCH superframe length. A
seventh column 720 indicates a current slot number. An eighth column 722 indicates a
beacon signal slot number for the node performing the transmission. A ninth column 724
indicates a number of time slots until the beginning of the beacon signal time slot of the
node. A tenth column 726 indicates a transmission decision as to whether the node
should proceed with transmitting the data or hold off on transmitting the data based on the
process 600 described above with respect to FIG. 6.

[0046] In a first example 702, the number of available time slots between a current
slot and the beginning of the subsequent beacon transmission slot is determined by
subtracting the slot number of the current slot (e.g., 53) from the slot number of the
beacon slot (e.g., 55). This results in the number of available time slots ‘C” being 2. The
number of time slots needed to transmit the data is then determined using Equation 1, as
provided above. The result is the number of transmission time slots ‘D’ being 1, which 1s
less than the number of available time slots ‘C.> Accordingly, the transmission of the
data can proceed immediately.

[0047] In a second example 704, the number of available time slots ‘C’ remains 2.
The number of bytes for transmission has increased and the baud rate has decreased.
Accordingly, the data to be transmitted is larger than in example 1 and is also transmitted
at a slower rate (e.g., due to a lower transmission frequency of the TSCH scheme).
Because of this, the number of transmission time slots ‘D’ 1s 3, which is greater than the

number of available time slots ‘C.” Accordingly, the transmission of the data is placed on
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hold until after the subsequent beacon transmission slot, or the data is fragmented for
transmission during time periods surrounding the subsequent beacon transmission slot.
[0048] In a third example 706, the number of available time slots ‘C’ remains 2.
The number of bytes for transmission is the same as in the second example 704 and the
baud rate has increased from the second example 704. Accordingly, the data to be
transmitted 1s the same size as the second example 704 and is transmitted at a faster rate
(e.g., due to a higher transmission frequency of the TSCH scheme). Because of this, the
number of transmission time slots ‘D’ is 1, which is less than the number of available
time slots “C.” Accordingly, the transmission of the data can proceed immediately.

[0049] While the present subject matter has been described in detail with respect
to specific aspects thereof, it will be appreciated that those skilled in the art, upon
attaining an understanding of the foregoing, may readily produce alterations to, variations
of, and equivalents to such aspects. Accordingly, it should be understood that the present
disclosure has been presented for purposes of example rather than limitation and does not
preclude inclusion of such modifications, variations, and/or additions to the present

subject matter as would be readily apparent to one of ordinary skill in the art.
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CLAIMS

That which is claimed is:

1. A time synchronization maintenance method, comprising;:

determining, by a node of a mesh communication network, a transmission time to
transmit data in a transmission queue;

determining, by the node, an amount of time until commencement of a next
beacon signal slot used to transmit a time synchronization beacon signal from the node or
another node of the mesh communication network; and

when the transmission time is greater than the amount of time until
commencement of the next beacon signal slot, delaying transmission, by the node, of at
least a portion of the data in the transmission queue until completion of the next beacon

signal slot.

2. The method of claim 1, wherein the next beacon signal slot comprises a parent
beacon signal slot in which a parent node of the node transmits the time synchronization

beacon signal.

3 The method of claim 1, wherein determining the transmission time to transmit the
data in the transmission queue comprises:

identifying a baud rate of a current communication link of the node;

detecting a number of bytes in the data; and

dividing the number of bytes in the data by the baud rate.

4. The method of claim 1, wherein the time synchronization beacon signal is
configured to maintain time synchronization between a set of nodes of the mesh

communication network.

5. The method of claim 1, further comprising:
when the transmission time is greater than the amount of time until the next
beacon signal slot, transmitting, by the node, at least a second portion of the data in the

transmission queue prior to the next beacon signal slot.

14
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6. The method of claim 1, wherein the data comprises metrology data collected by

the node or by a child of the node.

7. The method of claim 1, further comprising;:
when the transmission time is less than the amount of time until commencement of
the next beacon signal slot, transmitting, by the node, at least a second portion of the data

in the transmission queue prior to the next beacon signal slot.

8. The method of claim 1, wherein the node comprises a metrology device

configured to meter consumption of electricity, water, or natural gas.

9. The method of claim 1, wherein transmitting the data in the transmission queue is
performed using a Time Synchronous Channel Hopping (TSCH) scheme, and wherein the

mesh communication network is established using RF mesh or RF mesh IP standards.

10. A node of a networked system, comprising;:
a processor configured to execute computer-readable instructions;
a memory configured to store the computer-readable instructions that, when
executed by the processor, cause the processor to perform operations comprising:
determining a transmission time to transmit data in a transmission queue;
determining an amount of time until commencement of a next beacon slot
for a time synchronization beacon signal from the node or another node of a mesh
communication network; and
when the transmission time 1s greater than the time until commencement of
the next beacon slot, delaying transmission of at least a portion of the data in the

transmission queue until completion of the next beacon slot.

11.  The node of claim 10, wherein the next beacon slot comprises a parent beacon slot

in which a parent node of the node transmits the time synchronization beacon signal.
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12.  The node of claim 10, wherein the operation of determining the transmission time
to transmit the data in the transmission queue comprises:

identifying a baud rate of a current communication link of the node;

detecting a number of bytes in the data; and

dividing the number of bytes in the data by the baud rate.

13. The node of claim 10, wherein the time synchronization beacon signal is
configured to maintain time synchronization between a set of nodes of the mesh

communication network.

14.  The node of claim 10, further comprising:
a radio configured to communicate with the mesh communication network; and

a metrology device in communication with the radio.

15. The node of claim 14, wherein the metrology device is configured to meter
consumption of electricity, water, or natural gas, and wherein the data in the transmission

queue comprises metrology data from the metrology device.

16. A non-transitory computer-readable medium having instructions stored thereon,
the instructions executable by a processing device to perform operations comprising:
determining a transmission time to transmit data in a transmission queue;
determining an amount of time until commencement of a next beacon slot for a
time synchronization beacon signal from a node of a mesh communication network; and
when the transmission time is greater than the time until commencement of the
next beacon slot, delaying transmission of at least a portion of the data in the transmission

queue until completion of the next beacon slot.
17.  The non-transitory computer-readable medium of claim 16, wherein the next

beacon slot comprises a parent beacon slot in which a parent node of the node transmits

the time synchronization beacon signal.
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18.  The non-transitory computer-readable medium of claim 16, wherein the
instructions are further executable by the processing device to perform operations
comprising;

when the transmission time is greater than the amount of time until the next
beacon slot, transmitting, by the node, at least a second portion of the data in the

transmission queue prior to the next beacon slot.

19.  The non-transitory computer-readable medium of claim 16, wherein the
instructions are further executable by the processing device to perform operations
comprising;

when the transmission time is less than the amount of time until commencement of
the next beacon slot, transmitting, by the node, the data in the transmission queue prior to

the next beacon slot.
20.  The non-transitory computer-readable medium of claim 16, wherein the data

comprises metrology data collected by a node comprising the non-transitory computer-

readable medium or by a child of the node.
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