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TUNING TOPOLOGY FORDISTRIBUTION MESH

TECHNICALFIELD
[0001] Embodiments described herein pertainin general toadjustinga
topology of a distribution mesh. In some embodiments, the adjustment may
include puttinga mesh node of the distribution mesh intoa lower power state,

such as toreduce power consumption of the distribution mesh.

BACKGROUND
[6002] A distribution mesh includes a series of nodes interconnected in a
multi-hop configuration toenable packet forwarding from one or more points of
ingress (a first gateway ) to one or more points of egress (a second gateway ). An
example of a point of ingress may be a wired or wireless access node, such as an
access point (AP). A user may send a packet from a device through the access
node. The access node may be a part of the distribution mesh or otherwise be in
communication with one or more mesh nodes of the distribution mesh.
[0003] The packet may include a destination that is a point of egress or
reachable through the point of egress from the mesh. The point of egress can
include a node with a fiber backhaul that offers a path to the Internet. Many
factors impact optimal routing or relaying of the packet among thenodes in the
mesh from thepoint of ingress to egress. During ty pical operation, the routing or
relay path may be chosen tomaximize overall system capacity or maximal site
interconnectivity . However, during sustained periods of low-utilization,
continuing to use such a routing hierarchy will, in many cases, result in an
unnecessary number of nodes being powered on and connected to the mesh.

Thus, such routing schemes unnecessarily consume power.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004]  In the drawings, which are not necessarily drawn to scale, like
numerals may describe similar components in different views. Like numerals
having different letter suffixes may represent difterent instances of similar
components. Some embodiments are illustrated by way of example, and not

limitation, in the figures of the accompanying drawings in which:
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[0005] FIG. 1 illustrates, by way of example, a diagram of an embodiment of
anetwork that includes a distribution mesh.

[06006] FIG. 2 illustrates, by way of example, a diagram of an embodiment of
a complete graph of the mesh distribution network of the sy stem of FIG. 1.
[00607] FIG. 3 illustrates, by way of example, a diagram of an embodiment of
a method for reducing power consumption of a mesh distribution network.
[0008] FIG. 4 illustrates, by way of example, a diagram of an embodiment of
a phased antenna array in accord with one or more embodiments.

[00609] FIG. S illustrates, by way of example, a timing diagram of an
embodiment of an antenna array state and a corresponding transmitted packet in
a receive slot.

[6010] FIG. 6 illustrates, by way of example, a diagram of an embodiment of
a phased array antenna sy stem.

10011} FIG. 7 illustrates, by way of example, a diagram of an embodiment of
a method for reducing powerusage of a phased antenna array .

[0012] FIGS 8A, 8B, 8C, 8D, and 8E illustrate, by way of example,
respective block diagrams of portions of a phased antenna array sy stem.

[0013] FIG.9is a block diagram illustrating a machine in the example form
of a computer sy stem, within which a set or sequence of instructions may be
executed tocause the machine toperform any one of the methodologies

discussed herein, according to an example embodiment.

DETAILED DESCRIPTION
[0014] In the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of
some example embodiments. It will be evident, however, to one skilled in the
art, that the present disclosure may be practiced without these specific details.
[0015] Embodiments of this disclosure regard a variety of devices, systems,
and methods for tuning a wireless mesh topology or a node of the wireless
topology to reduce power consumption. The routing hierarchy of a distribution
mesh may be updated to reduce thenumber of nodes (e.g, during periods of low
utilization) that are powered on. Reducing the number of nodes powered on can
influence where poweris consumed and reduce the total power consumption of

the distribution mesh. Embodiments can include a mechanism that allows nodes
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within the mesh tobe placed in a low-energy state, while maintaining sufficient
connectivity through the distribution mesh.

[0016] The powerconsumption and the corresponding thermal buildup of
high-throughput wireless nodes using phased array antennas may be significant.
This may result in increased cost of operation and increased cost of the device
due to requirements for improved thermal dissipation of the equipment. In some
embodiments, a reduction in power consumption can be achieved by reducing a
number of active segments in an antenna array .

[00617]  There have been limited commercial applications of distribution
meshes to date. The current distribution meshes focus on design objectives
which maximize system capacity and interconnectedness of all mesh nodes in
the sy stem. These current solutions do not consider reducing powerby
modifying the routing hierarchy within the mesh to reduce power consumption.
[0018] In some embodiments in which one or more distribution mesh nodes
which have not participated as ingress or egress nodes for the mesh (meaning
that their role does not include interfacing with user devices) may indicate to a
mesh controller (which may be centralized or decentralized) the availability to
enter a low power state. In other embodiments, themesh controller may
determine this availability for a low-power stateby monitoring the ingress,
egress, and traffic routing operations of the nodes within the distribution mesh.
The indication of a nodes candidacy for low-power node may additionally
include information including but not limited to a historical power consumption
of the device, an availability of power at the mesh node, the reliability of power
at themesh node, the capacity and charge of power storage available tothe mesh
node, the cost of power for operating the mesh node, a name of an entity that
provides power to the mesh node, or a name of an entity payingfor power
consumed by themesh node.

[0019] Some embodiments may reduce a number of transmitting and
receiving elements of an antenna array during stages of a frame
transmission/reception, such as to reduce power consumption and thermal build-
up. Embodiments may dynamically reduce a full phased antenna array toa
subarray during a portion of the frame which may have reduced link budget
requirements. Such embodiments can achieve a power/thermal buildup reduction

without substantial impact tothe capacity of the phased antenna array .
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[0020] Reference will now be made to the FIGS. to describe further details of
embodiments. In the FIGS. different subscripts indicate different instances of the
same object. For example, user device 102A and user device 102B are different
instances of a user device 102.

[0021] FIG. 1 illustrates, by way of example, a diagram of an embodiment of
a network 100 that includes a distribution mesh. The network 100 as illustrated
includes user devices 102A, 102B, 102C, 102D, 102E, and 102F, mesh nodes
104A, 104B, 104C, 104D, 104E, and 104F, and a controller 116. The
distribution mesh includes mesh nodes 104A, 104B, 104C, 104D, 104E, and
104F and interconnections therebetween. Meshnodes 104A, 104E, and 104F
that interface with a user device 102A, 102B, 102C, 102D, 102E, and 102F may
be referred to as a “gateway” herein.

[0022] Theuser devices 102A-102F can include devices capable of
interfacing with a gateway, such as to connect to the Internet. Theuser devices
102A-102F can include a phone, such as a smartphone, a tablet, a desktop
computer, a laptop computer, an internet of things (IoT) device, smart television,
vehicle (e.g, truck, car, aerial vehicle, water-borne vehicle, or the like), or the
like. The user devices 102A-102F can provide content to, or receive content
from, another user device 102A-102F or a database, application server, or the
like. The user device 102A-102F provides a packet either requesting data from
or providing data tothe distribution mesh.

[0023] The user devices 102A-102F may use a wired communication channel
106A, 106B or wireless communication channel 108A, 108B, 108C, or 108D to
communicate with the gateway  The wired communication channel 106A-106B
can include an Ethernet connection. Ethernet connections generally comply with
the standard Institute of Electronic and Electrical Engineers (IEEE) 8023 ora
variation thereof or International Organization of Standards (ISO) 8802-3 or a
variation thereof. Thewireless communication channel 108A-108D can include
Wireless Fidelity (Wi-Fi) that complies with standard IEEE 802.11 or variations
thereof, cellular (long term evolution (LTE)), Bluetooth, ZigBee, light fidelity
(Li-F1) that uses modulations in light (e.g, from a light emitting diode (LED))
intensity to transmit data, or the like.

[6024]  The traftic from the user devices 102A-102E can include foreground

traffic and background traffic. Foreground traffic is visible tothe user, such as a
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website request, a phonecall, text message, or the like. Background traffic is
application-initiated traffic, such as automatically uploading or downloading
data, or the like. Examples of background traffic include control channel
communications, uploading data to the cloud, or the like.

[0025] The gateway (e.g, mesh node 104A, 104E, or 104F)can receive
packets or other user traffic from one network and provide the packets to
another, different network. The gateway can receive the packet and determine a
next mesh node 104A-104F toreceive the packet. In some embodiments, the
gateway may determine a complete path for the packet to get thepacket tothe
destination. Conventionally, however, the mesh nodes 104A-104F are
configured tochoose a next mesh node that will maximize throughput of the
packet to its destination. The mesh nodes 104B, 104C, and 104D that are not
gateway s form a distribution mesh, with the gateways acting as the ingress and
egress points for the distribution mesh.

[0026]  The distribution mesh typically communicates data at a faster rate than
the gateway communicates data tothe user device 102A-102F. For example, the
distribution mesh can communicate data at a rate that is over ten Gigahertz
(GHz), such as up to 60 GHz or even more, while the gateway can be
constrained to five GHz or less. Thisis due, at least in part, totheimpracticality
of including optical or large phased array antennas (the technology to
communicate at the greater data rates) into user devices 102A-102F. This
technology generally consumes too much space, power, and costs too much to be
included in theuser devices 102A-102F and is reserved for the distribution
mesh.

[6027]  The distribution mesh can communicate data using a wired
communication channel 110A, 110B, 110C, or a wireless communication
channel 112A, 112B, 112C, 112D, or 112E. The wired communication channel
110A-110C can include an Ethernet connection (as previously discussed), an
optical fiber connection, or the like.

[0028] The controller 116 manages routing of data in the mesh distribution
network. The controller 116 can be centralized or distributed. A centralized
controller provides routing instructions to each mesh node. A distributed
controller includes a plurality of synchronized controllers that, through their

combined efforts, provide routing instructions to each mesh node. The controller
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116 can manage the routing of packets or other traffic through the mesh
distribution network. Thecontroller 116 may manage the routing to reduce
power consumption, such as while maintaining quality of service (QoS), Service
Level Agreerent (SLA), bandwidth, throughput requirements, or the like.
[0029]  The controller 116 may provide data toa mesh node 104A-104F
indicating that the mesh node 104A-104F is to enter a low power state.
Alternatively, the controller 116 may receive a communication from the mesh
node 104A-104F indicating that the mesh node 104A-104F may be placed ina
low power state. The controller 116 may determine which mesh node 104A-
104F (if any ) to place or allow toenter a low power statebased on one or more
of: (1) whether the node is a gateway ; (2) an amount of power consumed by the
node (e.g, historical power consumption of the device, an availability of power
at themesh node, the reliability of power at the mesh node, the capacity and
charge of power storage available tothe mesh node, thecost of power for
operating the mesh node, a name of an entity that provides powertothe mesh
node, or a name of an entity payingfor power consumed by the mesh node, or
the like); (3) whether there are alternative options for routing the traffic through
the mesh distribution network that satisty QoSor SLA; or the like.

[0030] Placing the mesh node 104A-104F intoa low-power state may have
one or more of several implications. First, it reduces the power for the mesh
node 104A-104F and overall power consumption of the mesh distribution
network. Second, it may result in the mesh node 104A-104F having increased
latency when traffic ingresses tothe mesh node 104A-104F tore-establish
connectivity . Third, it can force a mesh node 104A-104F relaying traffic through
this link touse an alternate and, in some cases, less optimal routes (e.g, beams)
to establish connectivity (including selecting links with increased range,
additional reflections, and other factors that may degrade the capacity of the
link). During periods of low-utilization, these consequences can be assessed and
determined to be acceptable by the logical mesh controlier 116 relative tothe
power, environmental, and economic advantages achieved. This is particularly
true for higher frequency systems which often carry a more significant baseline
power consumption even in largely idie operation.

[6031] Based on availability indicators or additional information listed above,

the controller 116 can run a variation of a minimum spanning tree technique, or
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the like to determine a mesh distribution network topology that includes only a
subset of all the nodes of the mesh distribution network. A minimum spanning
tree (M ST) or minimum weight spanning tree is a subset of theedges of

a connected, edge-weighted (un)directed graph that connects all

the vertices together. An M ST can include a spanning tree whose sum of edge
weights is as small as possible. The controller 116 can maintain a graph with the
mesh nodes 104A-104F as vertices in the graph and communication connections
between the mesh nodes 104A-104F as edges.

[0032] FIG. 2 illustrates, by way of example, a diagram of an embodiment of
a complete graph 200 of the mesh distribution network of the sy stem 100 of FIG.
1. The graph 200 as illustrated includes vertices 204A, 204B, 204C, 204D, 204E,
and 204F that each correspond to a mesh node 104A-104F, respectively . Each
edge 210A,210B, 210C, 210D, 210E, 210F, 210G, and 210H correspondstoa
possible communication path between vertices 204A-204F . Each of the edges
210A-210H can include a respectiveweight 214A, 214B, 214C, 214D, 214E,
214F, 214G, and 214H.

[0033] The weight 214A-214H can indicate a corresponding gain for placing
amesh node in a low power state{e.g, a bandwidth (e.g, data rate), reliability
(e.g, up time to down time ratio or the like), signal strength, signal tonoise ratio
(SNR), QoS, power consumption, a combination thereof, or the like of the
communication path). Theweight 214A-214H can be determined based on the
bandwidth, reliability, signal strength, SNR, QoS, power consumption, a
combination thereof or the like. A higher weight 214A-214H can indicate that
the corresponding communication connection tothe mesh node 104A-104F 1s a
worse candidate for temp orary removal from themesh distribution network than
arelatively higher weight, or vice versa. For example, if a higher power node
provides a same reliability, bandwidth, signal strength, or the like, as another
path through the distribution mesh, the weight of the node can be lower than a
lower power node that provides about the same or even lower reliability,
bandwidth, signal strength, or the like.

[0034] Based on the corresponding trees created, the controller 116 can
exclude one or more nodes (e.g, up toa specified max number of nodes) from
the mesh distribution network. If a topology that satisfies QoS, signal strength,

or other constraints can be formed and it satisfies accommodated performance
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requirements, candidate mesh distribution nodes can be powered downin
response to a communication from the controller 116. In responsetothe mesh
distribution network being unable to satisty theuser device traffic (due to
increased traffic or changes in physical conditions of specific nodes/links, for
example) thecontroller 116 can provide a message to a node indicating the node
is topowerup, such as to eventually restoring a topology that maximizes
capacity . Optimizations might apply, such as by powering up only mesh nodes in
sectors required to handle the additional traffic, such as to continue to minimize
overall network power consumptions, while maintaining sufficient bandwidth,
QoS, signal strength, or thelike.

[6035]  Consider the mesh distribution network in FIG. 1. The controller 116
can determine that themesh node 104C is not currently acting as a gateway
(ingressing or egressing traffic from the mesh) and that traffic in the mesh
distribution network is sufficiently low. The controller 116 can further determine
that one or more of QoS, signal strength, bandwidth, or SLA will still be
satisfied if the mesh node 104C is placed in a low power state. The controller
116 can providea communication to the mesh node 104C that causes the mesh
node 104C to enter alow power state. The controller 116 can further provide
data tothe mesh nodes 104A and 104E coupled to the mesh node 104C
indicating that the mesh node 104C will be entering a low power state. The mesh
nodes 104A and 104E can alter their traffic toavoid themesh node 104C. In one
or more embodiments, the mesh nodes 104A and 104E can determine how to
route traffic toavoid the mesh node 104C or the controller 116 can provide data
indicating how to alter the traffic routing to avoid the mesh node 104C. In the
example of FIG. 1, the mesh nodes 104A and 104E can communicate traffic
directly to one another. This configuration may not be ideal, as there may be an
obstruction 114 that impedes or otherwise degrades a communication between
the mesh nodes 104A and 104E.

[0036] In one or more embodiments, a mesh node 104A-104F that is not
currently active (ingressing or egressing traftic from the mesh distribution
network) can be omitted from the network, such as during a period of low-
utilization. In some cases, the performance of thelink in this “power-optimized
topology” example will offer lower capacity as a trade-off for improved sy stem-

level power consumption of the mesh distribution network.
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[0037]  An additional benefit of embodiments can include thermal
management of mesh nodes 104A-104F, such as under higher temperature
operating conditions. In some instances, a cooling capacity of one or more of the
mesh nodes 104A-104F may be insufficient. In these conditions, an approach
that is similar to the previously discussed power savings embodiments can be
used toallow one or more mesh nodes 104A-104F toenter a low-power state,
even at the expense of overall system capacity . Such an embodiment may enable
areduced duty cycle of operation for one or more mesh nodes 104A-104F. This
reduced duty cycle will result in an effective reduction in the operating
temperature. The reduction in operating temp erature can improve link efficiency
and reliability and even the lifespan of the equipment. Here, the power savings
achieved has the corresponding benefit of reduced thermal generation. In some
implementations, this approach will be used to switch between different routing
topologies more frequently toreduce the duty cycle of a potentially large number
of nodes. In some implementations, these nodes will report factors such as their
operating temperature to the logical mesh controller 116 to facilitate the
selection of the optimal duty cycle pernode. As an example, nodes 104A-104F
exposed to sunlight or other heat source may be operating at a higher than
optimal temperature and may be selected to operate at a lower duty cycle than
other nodes 104A-104F.

[0038] Determination, by the controller 116, that a node 104A-104F can be
placed in an inactive statecan be based on one or more of whether traffic is
ingressing or egressing from the node, whether traffic on the node includes
foreground or background traffic, monitoring control messages to gateway s
connected to the node, or whether an event is scheduled at a location or venue
that ts covered by the mesh node 104A-104F in question. The control messages
may include information regarding active traffic sessions, whether a node is
ingressing or egressing traffic toor from themesh, what devices are connected
toeach other, optimal configurations between nodes, or the like. The control
messages may include legacy messages or new messages. The foreground traffic
or background traffic may be separated from each other and the foreground
traftic or background traffic can be routed around a node placed in a lower

power state.
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[0039] The decision as towhether to place the node 104A-104F in an inactive
state can be performed by the controller 116, such as an application
programming interface (API) 118 or other processing circuitry 120 of the
controller 116. The API 118 may include a set of subroutine definitions,
protocols, or othertools for building a software application. The API 118
generally manages communication between software or hardware that uses
distinct communication protocols.

[0040]  The processing circuitry 120 can perform similar operations to the API
118, but in hardware. The processing circuitry 120 can be used independent of or
along withthe API 118 todetermine whether a node 104A-104F is tobe placed
in an inactive state. The processing circuitry 120 can include one or more
transistors, resistors, capacitors, inductors, diodes, switches, regulators, power
supplies, transformers, logic gates (e.g, AND, OR, XOR, negate, or the like)},
multiplexers, oscillators, rectifiers, sensors, integrated circuits, amplifiers,
mixers, antennas, or thelike.

[0041] The processingcircuitry 120 or the API 118, alone or in combination,
can monitor a state of the nodes 104A-104F and issue a communication that
causes the node 104A-104F toenter an inactive state, re-route traffic in response
to another node entering the inactive state, re-enter an active state, or the like.
For example, in responseto determining that a node 104A-104F is only
communicating background traffic and is not performing ingress or egress
operations, the processing circuitry 120 or API 118 can issue a command that
causes the node 104A-104F toenter the inactive state. In another example, in
response to determining the node 104A-104F is tobe placed in an inactive state,
the processing circuitry 120 or the API 118 can issue a communication to one or
more nodes 104A-104F that communicate tothe inactive node that indicates that
the node 104A-104F is going into the inactive state.

10042} FIG. 3 illustrates, by way of example, a diagram of an embodiment of
a method for reducing power consumption of a mesh distribution network. The
method 300 as illustrated includes receiving, from communicatively coupled
mesh nodes of the mesh distribution network, data indicating whether respective
mesh nodes of the mesh nodes are acting as gateway s and an amount of traffic
being served by the mesh nodes, at operation 302; determining, based on the

received data, a first mesh node of the mesh nodes to put into an inactive state, at
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operation 304; and providing a communication tothe first mesh node that causes
the first mesh node to enter the inactive state, at operation 306.

[0043] The operation 304 can furtherinclude determining whether the first
mesh node is acting as a gateway and in responseto determining the first mesh
node is acting as a gateway, refraining from puttingthe first mesh node into the
inactive state. The method 300 can further include providing a communication to
a second mesh node of the mesh nodes that is communicatively coupled tothe
first mesh node, the communication indicating that the first mesh is going into
the inactive state. The method 300 can further include comparing the data
indicating the amount of traffic being served by the first mesh node toa
specified threshold, and determining the first mesh node is tobe putintothe
inactive in responseto determining the amount of traffic being served is less
than the specified threshold.

[0044] The method 300 can further include recetving further data indicating
one or more of historical power consumption of the first mesh node, cost of
power for the first mesh node, and a name of an entity responsible for providing
power to the first mesh node. The method 300 can further include receiving
further data indicating an operating temperature of the mesh nodes. The method
300 can furtherinclude determining the first mesh node of the mesh nodes to put
into an inactive statebased on the operating temperature being greater thana
spectfied threshold.

[0045] The method 300 can further include, wherein the amount of traffic
being served by the mesh nodes includes an amount of foreground traffic and
background traffic and the method further comprises providing a communication
toa mesh node serving thebackground traffic that causes thebackground traffic
tobe routed around the mesh node. The method 300 can further include
receiving data indicating a schedule of a location serviced by a mesh node of the
mesh nodes, and in responsetodetermining the schedule indicates a time period
of lower traffic is scheduled, providing the communication

[0046] Reduced Throughput Antenna Array

[0047]  High-throughput wireless equipment, particularly operating in higher
frequency bands (e.g, ten GHz and higher) and leveraging phased array
antennas may consume a significant amount of power. To maximize capacity,

these sy stems employ high modulation schemes (e.g, schemes with higher
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spectral efficiency, such as 64, 128, or 256 quadrature amplitude modulation
(QAM) or higher) that demand a significant link budget. Likewise, it is common
for these sy stems to operate at very high duty cycles, particularly during periods
where the device expects that it may receive data or when the array may be
transmitting data.

[6048] Unfortunately, reducing the gain of the transmit or receive operation
provides for only a small reduction in operating power as a share of total array
power consumption. Embodiments include an approachto dynamically scale
back the number of antenna elements or some of the various reasonably high-
power consumption elements that are associated with these elements during
portions of the operation of the device. Such embodiments reduce the power
consumed and thermal buildup generated within the equip ment. Embodiments
may reduce the duty cycle of specific elements in the system, such as power
amplifiers (P As), switches, phase shifters, and mixers. These elements have a
significant impact on total power consumption and thermal buildup.

[0049] Embodiments can include using a subset of a full antenna array during
periods where thelink budget requirements are reduced, including but not
limited to, detection of the Short Training Field (STF), Channel Estimation (CE),
or Header (HDR)) (using the terminology of IEEE 802.11ad as an example).
Similar concepts are relevant to other wireless technologies wherein, during a
portion of a frame, the antenna array is operated at a modulation with relaxed
link budget requirements.

[0050] FIG. 4 illustrates, by way of example, a diagram of an embodiment of
a phased antenna array 400 in accord with one or more embodiments. The
phased antenna array 400 as illustrated includes an RF source 402, a power
divider 404, control circuitry 406, phaseshifters 408A, 408B, 408C, 408D,
408E, 408F, 408G, and 408H, an oscillator 407, mixers 409A, 4098, 409C,
409D, 409E, 409F , 409G, and 409H, amplifiers 410A, 410B, 410C, 410D, 410E,
410F, 410G, and 410H, and antennas 412A,412B, 412C, 412D, 412E, 412F,
412G, and 412H. Each of theelements of the antenna array 400 may consume
power, unnecessarily . That is, not all components of the antenna array 400 need
tobe powered on and operating all thetime to sufficiently performthe

operations desired.
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[0051] The RF source 402 provides data to be modulated onto a carrier. The
RF source 402 can be provided by a device, such as a base station or other
device. The power divider 404 splits thesignal from the RF source 402 intoone
or more signals, based on signals from the control circuitry 406. The control
circuitry 406 can control how many and which phase shifters 408 A-408H,
mixers 409A-409H, amplifiers 410A-410H or antennas 412A-412H are powered
on, inactive, or powered off. Not all connections between the control circuitry
406 and other components are illustrated, tonot obscure the view. The control
circuitry 406 may include a timer/interrupt device 405. The timer/interrupt
device 405 may indicate that a subarray of thearray can be powered down or is
tobe powered up. In one or more embodiments, theinterrupt device 405
includes a pin on which an out-of-band signal can be received indicating that the
array 18 tobe powered up, powered down, or otherwiseplaced in a statethat
consumes less power. The timer/interrupt device 405 may determine whether a
pre-determined amount of time has lapsed or an event (e.g, receipt of a short
training field) has occurred and issue a command that causes one or more
components of the phased antenna array 400 tobe powered up, powered down,
or placed in a low power state, etc.

[00652] The phaseshifters 408A-408H can alter a phaseof a signal from the
power divider 404 in accord with signals from the control circuitry 406. The
phase shifters 408 A-408H can adjust a phase of a signal incident thereon sothat
the signals when transmitted by the antennas 412A-412H form a beam travelling
in a specified direction. By adjusting the phase applied to signals at the phase
shifter 408 A-408H, the control circuitry 406 can adjust a direction of thebeam
transmitted by the antenna 412A-412H. The control circuitry 406 can include
electrical or electronic components similar tothe processing circuitry 120.
[0053] The oscillator 407 provides a carrier signal on which data from the RF
source 402 can be modulated, by the mixer 409A-409H. Connections between
the oscillator 407 and the mixer 409B-409H are not illustrated so as tonot
obscure the view in FIG. 4. The mixer 409A-409H combines signals from
respective phase shifters 408A-408H onto the carrier signal form the oscillator
407. The amplifier 410A-410H increases an amplitude of a signal from the
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respective antenna 412A-412H. The antennas 412A-412H transduce electrical
signals to electrical waves that propagate through space or vice versa.

[0054] Antennas412A-412H that operate at higher frequencies are typically
smaller than antennas that operation at lower frequencies. This allows antennas
that operate at higher frequencies tohave a smaller form factor than antennas
that operate at the lower frequencies. The smaller form factor allows for single
package RFIC systems that include the phase shifter 408A-408H, the mixer
409A-409H, the amplifier 410A-410H, and the antenna 412A-412H. Such
packages can be referred toherein as RF integrated circuits (RFICs) and are
indicated by dashed box 413.

[6055]  FIG. 5 illustrates, by way of example, a timing diagram of an
embodiment of an antenna array state 502 and a corresponding transmitted
packet 504 in areceive slot. The antenna array state 502 at a start of a receive
slot 526 may be in a guard state 506. The guard state 506 can correspondto a
time buffer of thereceive slot that is provided between receive frames, as
defined by a standard or protocol. In the guard state 506, the control circuitry
406 can place all the RFIC components of the sub-array in an inactive, idle, or
low power state. At or near theend of the guard state 506, the control circuitry
406 can place one or more of the RFIC components in an active power state,
such as toplace theantenna array in an STF detection state 508. In one or more
embodiments, the control circuitry 406 can begin powering on a component a
spectfied period of time before the change of stateis to occur. This can allow the
component to be fully functional by the time it 1s needed.

[0056]  In one or more embodiments, a power up state 510 may be used to
power on the entire antenna array . The power up state 510 can be initiated in
responsetoan STF field 518, a channel estimation (CE) field 520, or a portion
of a header field 522. In one or more embodiments, a stronger channel link may
be used for packet demodulation in the packet demodulation state 512, such as
all antennas of the antenna array . Afterthe data and training field 524 is received
and processed in the packet demodulation state 512, the control circuitry 406 can
revert the antenna array to a lower power state, such as by placing one or more
RFICsin an inactive, idle, or other low power state. In one or more

embodiments, a singe RFIC can remain active in the STF detection states 508
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and 514. In the guard state 516, in one or more embodiments, all RFICs of the
antenna array can be inactive, idle, or otherwise in a low power state.

[6057]  In summary, in a multiple-RFIC phased array antenna sy stem, a single
RFIC, a subset of an RFIC, or a subset of RFICs can be used for thereceive
operation, such as to detect and receive the STF 518 and CE field 520 of an
802.11ad receive slot. All the RFICs can be brought online in time to decode the
data payload of the frame (e.g, the header frame 522 or the data and training
frame 524) so that the antenna array can operateat a higher modulation with
higher link budget requirements.

[6058] Some embodiments may use synchronization with other nodes (e.g,
other mesh nodes) in the sy stem toidentify durations in which guard periods are
present to power down relevant portions of the sy stem when detection of frames
is not expected. Similarly, during periods of transmission, some embodiments
can power some or all the system down when no frames are available to be
transmitted. These mechanisms reduce the overall duty cycle of operation of
circuits within one or more RFIC and one or more baseband ICsin thesystem.
[0059]  In some embodiments, the control circuitry 406 can leverage
information about one or more links to remote devices in determining whether to
reduce a number of active RFICs. This information can help determine the
necessary link budget for properreception of the portions of the frame that can
be operated with a reduced subarray. Such information can help ensure
acceptable decode and transmission of these portions of the frame.

[0060] Some implementations may additionally leverage a capability
exchange with theremote endpoints (a transceiver, receiver, or transmitter that is
part of the communication) or with logical controller functions that assist in
coordinating this dynamic reduction in subarray size amongst thetransmitters
and receivers in the system. Theendpoint is one of the two transceivers.
Capability exchange — what kind of dynamic subarray selection is supported,
subarray geometry, do yvouhave two modes or sixteen modes, additional
messages that might be used in the optimization that might be helpful tothe
process. Cannot assume that everybody supportsreduction or supportsreduction
in the same way .

[6061] When thereduction in the subarray size is employed during

operations, such as CE, or other portions of the slot that enable theendpointsto

15



WO 2020/005237 PCT/US2018/039819

10

15

20

25

30

adapt tofactors like transmit power, receive gain, or related operations,
embodiments can extrapolate the values measured at the one antenna or RFIC to
alarger subarray or thefull antenna array. For example, a determination that 6
dB of additional power amplifier gain during reception is required with a single
subarray, may be reduced to O dB of additional power amplifier gain when 6 dB
of additional array gain is achieved through use of the larger array during the
reception of the frame payload. In another example, values determined from the
CE field 520 can be assumed toapply toother RFICs in the array, such as to
help determine a number of RFICs required tomeet link budget requirements.
10062] FIG. 6 illustrates, by way of example, a diagram of an embodiment of
a phased array antenna sy stem 600. The sy stem 600 as illustrated includes an
application 601, a modem 602, a transcetver 604, and an RF front end 606. The
control circuitry 4006 can be a part of theapplication 601, RF front end 606, the
transceiver 604, or the modem 602. The components of the sy stem 600 may be
included in a user device, base station, gateway, mesh node, or the like.

[0063] The application 601 can monitor operation of one or more components
of the system 600. The application 601 can provide data to be transmitted by the
phased array antenna. The application 601 can receive data incident on the
phased array antenna.

[6064] The modem 602 is sometimes referred to as the baseband. The modem
602 modulates and demodulates carrier wave signals, such as to encode dataon a
carrier wave or decode data on a carrier wave.

[0065]  The transceiver 604 includes a receive radio and a transmit radio that
share some circuitry . The RF front end 606 includes the circuitry between the
transceiver and the antenna, such as can include one or more of the components
of the array 400 but not the antenna 412A-412H.

[0066] In some embodiments, there may be signaling between the modem
602 or application 601 and the RF front-end 606, such as totrigger the
utilization of a reduced array. In other embodiments, out-of-band signaling may
be used to configure thesubarray, sothat time-sensitive transitions do not need
tobe driven by the modem 602 or the application 601. A time between
communication of a control signal toreduce asize of an array and an actual
reduction of the size of the array may be toolate for thepurpose. Theportion of

the frame that can benefit from the reduction in the array may complete before
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the array has time for the size reduction. Thus, an out-of-band signal, such as can
be from a dedicated pin or other input, may be used totrigger the reduction in
the array . As discussed, in some embodiments, this can be critical to ensure the
precision of timing required within the timeframe of the transmission or
reception of the frame. Without this timing precision, it is possible that the
increased array gain will occur too soon or too late in the reception or
transmission of a particular portion of the frame resulting in errors in the
measurement or reduction in the probability for successful end-to-end
transmission of portions of the frame.

10067]  FIG. 7 illustrates, by way of example, a diagram of an embodiment of
a method 700 for reducing powerusage of a phased antenna array . The method
700 can include providing, by a controller of an antenna, a signal to a subarray
of the antenna array that causes the subarray tobe placed in an inactive statein
responsetoa timer value of a timer correspondingto a first portionof a
communication frame with a link budget requirement less than a specified
threshold, at operation 702; and providing another signal tothe subarray of the
array that causes the subarray tobe placed in an active statein responsetothe
timer value corresponding to a second portion of the communication frame with
a link budget requirement greater than a specified threshold, at operation 704.
The method 700 can include, wherein the controller is part of a modem. The
method 700 can include, wherein the sy stem further comprises an application
processor and the controller is part of the application processor.

[0068] The method 700 can include, wherein the communication frame is an
Institute of Electrical and Electronic Engineers (IEEE) 802.11ad frame. The
method 700 can include, wherein thefirst portion of the communication frame 1s
a guard field, short training field, channel estimation field, or header field and
the second portion of the communication frame is a data and training field. The
method 700 can include estimating a link quality of the entire antenna array
based on a link quality of one or more subarrays. The method 700 can further
include, wherein the antenna array includes a plurality of radio frequency
integrated circuits (RFICs), each of the RFICs including but not limited to
antennas, amplifiers, mixers, and a phaseshifters of a subarray of the array.
10069] FIG. 8A illustrates, by way of example, a diagram of an embodiment

of communication circuitry according tosome aspects; FIGS. 8B and 8C
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illustrate aspects of transmit circuitry shownin FIG. 8A according to some
aspects; FIG. 8D illustrates aspects of radio frequency circuitry shown in FIG.
8A according tosome aspects; FIG. 8E illustrates aspects of receive circuitry in
FIG. BA according to some aspects. Millimeter wave communication circuitry
800 shownin FIG. 8A may be alternatively grouped according to functions.
Components illustrated in FIG. 8A are provided here for illustrative purp oses
and may include other components not shown in FIG. 8A. The phased antenna
array system 400 of FIG. 4 or phased antenna array sy stem 600 of FIG. 6 may
include one or more of the components of the FIGS. 8A-8E. One or more of the
components of FIGS. 8A-8E may be powered oftf or put in a low power state,
such as in responseto determining that performance of the array will meet
quality requirements without the component operating

[0076] Communication circuitry 800 may include protocol processing
circuitry 305 (or processor)or other means for processing Protocol processing
circuitry 805 may implement one or more of medium access control (M AC),
radio link control (RLC), packet data convergence protocol (PDCP), radio
resource control (RRC) and non-access stratum (NAS) functions, among others.
Protocol processing circuitry 805 may include one or more processing cores to
execute instructions and one or more memory structures to store program and
data information.

[06071] Millimeter wave communication circuitry 800 may furtherinclude
digital baseband circuitry 810. Digital baseband circuitry 810 may implement
physical layer (PHY) functions including one or more of hybrid automatic repeat
request (HARQ) functions, scrambling and/or descrambling coding and/or
decoding, lay er mappingand/or de-mapping, modulation symbol mapping
received symbol and/or bit metric determination, multi-antenna port pre-coding
and/or decoding which may include one or more of space-time, space-frequency
or spatial coding, reference signal generation and/or detection, preamble
sequence generation and/or decoding, synchronization sequence generation
and/or detection, control channel signal blind decoding and other related
functions.

[6072] Millimeter wave communication circuitry 800 may further include
transmit circuitry 815, receive circuitry 820 and/or antenna array circuitry 830.

Millimeter wave communication circuitry 800 may furtherinclude RF circuitry
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825. In some aspects, RF circuitry 825 may include one or multiple parallel RF
chains for transmission and/or reception. Each of the RF chains may be
connected to one or more antennas of antenna array circuitry 830.

[60673] In some aspects, protocol processing circuitry 805 may include one or
more instances of control circuitry. The control circuitry may provide control
functions for one or more of digital baseband circuitry 810, transmit circuitry
815, receive circuitry 820, and/or RF circuitry 825.

[0074] FIGS. 8B and 8C illustrate aspects of transmit circuitry shownin FIG.
8A according tosome aspects. Transmit circuitry 815 shown in FIG. 8B may
include one or more of digital toanalog converters (DACs) 840, analog
baseband circuitry 845, up-conversion circuitry 850 and/or filtering and
amplification circuitry 855, DACs 840 may convert digital signals into analog
signals. Analog baseband circuitry 845 may perform multiple functions as
indicated below. Up-conversion circuitry 850 may up-convert baseband signals
from analog baseband circuitry 845 toRF frequencies {(e.g, mmWave
frequencies). Filtering and amplification circuitry 855 may filter and amplify
analog signals. Control signals may be supplied between protocol processing
circuttry 805 and one or more of DACs 840, analog baseband circuitry 845, up-
conversion circuitry 850 and/or filtering and amplification circuitry 855.

[6075]  Transmit circuitry 815 shown in FIG. 8C may include digital transmit
circuitry 865 and RF circuitry 870. In some aspects, signals from filtering and
amplification circuitry 855 may be provided to digital transmit circuitry 865. As
above, control signals may be supplied between protocol processing circuitry
805 and one or more of digital transmit circuitry 865 and RF circuitry 870.
[6076] FIG. 8D illustrates aspects of radio frequency circuitry shownin FIG.
8A according tosome aspects. Radio frequency circuitry 825 may include one or
more instances of radio chain circuitry 872, which in some aspects may include
one or more filters, power amplifiers, low noise amplifiers, programmable phase
shifters and power supplies.

[00677] Radio frequency circuitry 825 may also in some aspects include power
combining and dividing circuitry 874. In some aspects, power combining and
dividing circuitry 874 may operate bidirectionally, such that the same phy sical
circuitry may be configured tooperateas a power divider when the device is

transmitting, and as a power combiner when the device is receiving In some
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aspects, power combining and dividing circuitry 874 may include one or more
wholly or partially separate circuitries to perform power dividing when the
device 1s transmitting and power combining when the device is receiving In
some aspects, power combining and dividing circuitry 874 may include passive
circuitry including one or more two-way power divider/combiners arranged in a
tree. In some aspects, power combining and dividing circuitry 874 may include
active circuitry including amplifier circuits.

[0078] In some aspects, radio frequency circuitry 825 may connect to
transmit circuitry 815 and receive circuitry 820 in FIG. 8A. Radio frequency
circuitry 825 may connect to transmit circuitry 815 and receive circuitry 820 via
one or more radio chain interfaces 876 and/or a combined radio chain interface
878. In some aspects, one or more radio chain interfaces 876 may provide one or
more interfaces to one or more receive or transmit signals, each associated with a
single antenna structure. In some aspects, the combined radio chain interface 878
may provide a single interface to one or more recetve or transmit signals, each
associated with a group of antenna structures.

[0079] FIG. 8E illustrates aspects of receive circuitry in FIG. 8A according to
some aspects. Recetve circuitry 820 may include one or more of parallel receive
circuitry 882 and/or one or more of combined receive circuitry 884. In some
aspects, theone or more parallel receive circuitry 882 and one or more combined
recetve circuitry 884 may include one or more Intermediate Frequency (IF)
down-conversion circuitry 886, IF processing circuitry 888, baseband down-
conversion circuitry 890, baseband processing circuitry 892 and analog-to-
digital converter (ADC) circuitry 894. Asused herein, the term “intermediate
frequency” refers toa frequency to which a carrier frequency {(or a frequency
signal) is shifted as in intermediate step in transmission, reception, and/or signal
processing. [F down-conversion circuitry 886 may convert received RF signals
toIF. IF processing circuitry 888 may process the IF signals, e.g, via filtering
and amplification. Baseband down-conversion circuitry 890 may convert the
signals from IF processing circuitry 888 to baseband. Baseband processing
circuitry 892 may process the baseband signals, e.g, via filtering and
amplification. ADC circuitry 894 may convert the processed analog baseband

signals to digital signals.
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[0080] FIG.9is a block diagram illustrating a machine in the example form
of a computer system 900, within which a set or sequence of mstructions may be
executed tocause the machine toperform any one of the methodologies
discussed herein, according to an example embodiment. Forexample, the
method described above with reference toFIGS. 3 or 7 may be performed using
at least a portion of the computer sy stem 900.

[0100] In alternative embodiments, the machine operates as a standalone
device or may be connected (e.g, networked) to other machines. In a networked
deployment, the machine may operatein the capacity of either a server or a
client machine in server-client network environments, or it may act as a peer
machine in peer-to-peer (or distributed) network environments. The machine
may be an onboard vehicle system, an ADAS, an apparatus of an autonomous
driving vehicle, a wearable device, a personal computer (PC), a tablet PC, a
hybridtablet, a personal digital assistant (PDA), a mobile telephone(e.g, a
smartphone), or any machine capable of executing instructions (sequential or
otherwise) that specify actions to be taken by that machine. Further, while only a
single machine is illustrated, the term “machine” shall also be taken toinclude
any collection of machines that individually or jointly execute a set (or multiple
sets) of instructions to perform any one or more of the methodologies discussed
herein. Similarly, theterm “processor-based sy stem” shall be taken toinclude
any set of one or more machines that are controlled by or operated by a
processor (e.g, a computer)toindividually or jointly execute instructions to
perform any one or more of the methodologies discussed herein. For instance, a
portion of the computer sy stem 900 may execute instructions to performthe
method described above with reference to FIGS. 3 and 7.

[0161] Example computer system 900 includes at least one processor 902
(e.g, a central processing unit (CPU), a graphics processingunit (GPU) or both,
processor cores, compute nodes, etc ), a main memory 904 and a static memory
906, which communicate with each other via a link 908 (e.g, bus). The
computer sy stem 900 may further include a video display device 910, an input
device 912 (e.g, an alphanumeric input device such as keyboard or keypad, a
touchpad, a microphone, a camera, or components of a virtual reality/VR headset
such as buttons), and a user interface (UT) navigation device 914 (e.g, a mouse,

a stylus, ora pointing device). In one embodiment, the video display device 910,
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input device 912 and Ul navigation device 914 are incorporated into a touch
screen display (e.g, atouch sensitive display device).

[6102] The computer system 900 may additionally include a storage device
916 (e.g, a drive unit), a signal generation device 918 (e.g, a speaker), a
network interface device 920, and one or more sensors 921, such as an RFID
reader, a global positioning system (GPS) sensor, a camera, a compass, an
accelerometer, a gyrometer, a magnetometer, or other sensors. The computer
sy stem 900 may also include an output controller 932, such as a serial (e.g,
universal serial bus (USB), parallel, or other wired or wireless (e.g, IR, near
field communication (NFC), etc.) connection to communicate or control one or
more peripheral devices (e.g, a printer, card reader, etc.). In some embodiments,
the processor 902 or instructions 924 (e.g, softwarein theexample shownin
FIG. 9) comprises processing circuitry or transceiver circuitry . The processing
circuitry may include one or more electric or electronic components, such as one
or more transistors, resistors, cap acitors, inductors, diodes, regulators, analog to
digital converters, digital to analog converters, logic gates (e.g, AND, OR,
NAND, NOR, XOR, or other logic gates), multiplexers, modulators, switches,
power supplies, or the like.

[0163] The storage device 916 includes a machine-readable medium 922 on
which is stored one or more sets of data structures and instructions 924 (e.g,,
software) embody ing or utilized by any one or more of the methodologies or
functions described herein. Forexample, the computer system 900 may execute
instructions 924 to perform the method described above with reference to FIGS.
3 and 7.

[6104]  The nstructions 924 may also reside, completely or at least partially,
within the main memory 904, static memory 906, or within the processor 902
during execution thereof by the computer sy stem 900, with the main memory
904, staticmemory 906, and the processor 902 also constitutingmachine-
readable media 922.

[0105]  While the machine-readable medium 922 is illustrated in an example
embodiment tobe a single medium, the term “machine-readable medium” may
include a single medium or multiple media (e.g, a centralized or distributed
database, or associated caches and servers) that store the one or more

instructions 924. The term “machine-readable medium” shall also be taken to

22



WO 2020/005237 PCT/US2018/039819

10

15

20

25

30

include any tangible medium that is capable of storing encoding or carrying
instructions 924 for execution by the machine and that cause the machine to
perform any one or more of the methodologies of the present disclosure or that is
capable of storing encoding or carrying data structures utilized by or associated
with such instructions 924. The term “machine-readable medium” shall
accordingly be taken toinclude, but not be limited to, solid-state memories, and
optical and magnetic media. Specific examples of machine-readable media 922
include non-volatile memory, including but not limited to, by way of example,
semiconductor memory devices (e.g, electrically programmable read-only
memory (EPROM), electrically erasable programmable read-only memory
(EEPROM )) and flash memory devices, magnetic disks such as internal hard
disks and removable disks; magneto-optical disks; and CD-ROM and DVD-
ROM disks.

[0106] The instructions 924 may further be transmitted or received over a
communications network 926 using a transmission medium via the network
interface device 920 utilizing any one of a number of well-known transfer
protocols (e.g, HTTP). Examples of communication networks include a local
area network (LAN), a wide area network (WAN), the Internet, mobile
telephone networks, plain old telephone (POTS) networks, and wireless data
networks (e.g, Bluetooth, Wi-Fi, 3G, and 4G LTE/LTE-A or WIMAX
networks). The network interface device 920 may transmit and receive data over
a transmission medium, which may be wired or wireless (e.g, radio frequency,
infrared or visible light spectra, etc.), tiber optics, or the like, tonetwork 926.
[0107] Networkinterface device 920, according to various embodiments, may
take any suitable form factor. In one such embodiment, network interface device
920 1s in the form of a network interface card (NIC)that interfaces with
processor 902 via link 908. In one example, link 908 includes a PCI Express
(PCle) bus, including a slot into which the NIC form-factor may removably
engage. In another embodiment, network interface device 920 is a network
interface circuit laid out on a motherboard together with local link circuitry,
processor interface circuttry, other input/output circuitry , memory circuitry,
storage device and peripheral controller circuitry, and the like. In another

embodiment, network interface device 920 is a peripheral that interfaces with
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link 908 via a peripheral input/output portsuch as a universal serial bus (USB)

port.

Examples;

[01068] Example 1 is adevice of a mesh distribution network, the device
comprising an application programming interface (API)to receive, from
communicatively coupled mesh nodes of the mesh distribution network, data
indicating whether respective mesh nodes of the mesh nodes are acting as
gateway s and an amount of traffic being served by the mesh nodes, and
processing circuitry to determine, based on thereceived data, a first mesh node
of the mesh nodes to put into an inactive state, and provide a communication to
the first mesh node that causes the first mesh node to enter the inactive state.
[01069] In Example 2, Example 1 further includes, wherein determining, based
on the recetved data, the first mesh node of the mesh nodes to put into the
inactive stateincludes determining whether the first mesh node is acting as a
gateway and in responseto determining the first mesh node is acting as a
gateway, refraining from puttingthe first mesh node into the inactive state.
[0110] In Example 3, at least one of Examples 1-2 further includes, wherein
the processing circuitry is furtherto providea communication to a second mesh
node of the mesh nodes that is communicatively coupled tothe first mesh node,
the communication indicating that the first mesh is going into theinactive state.
[0111] In Example 4, at least one of Examples 1-3 further includes, wherein
the processing circuitry is further to compare the data indicating the amount of
traffic being served by the first mesh node toa specitied threshold, and
determine the first mesh node is tobe put into the inactive in response to
determining the amount of traffic being served is less than the specitied
threshold.

[0112] In Example 5, at least one of Examples 1-4 further includes, wherein
the APl s further toreceive further data indicating one or more of historical
power consumption of the first mesh node, cost of power for the first mesh node,
and a name of an entity responsible for providing power to the first mesh node.
[0113] In Example 6, at least one of Examples 1-5 further includes, wherein
the APIis further toreceive further data indicating an operating temperature of

the mesh nodes, and the processing circuitry is further to determine the first
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mesh node of themesh nodes to put into an inactive statebased on the operating
temperaturebeing greater than a specitied threshold.

[0114] In Example 7, at least one of Examples 1-6 further includes, wherein
the amount of traffic being served by the mesh nodes includes an amount of
foreground traffic and background traffic and wherein the processing circuitry is
further to provide a communication toa mesh node serving the background
traftic that causes thebackground traftic to be routed around the mesh node.
[0115] In Example 8, at least one of Examples 1-7 further includes, wherein
the APl is further toreceive data indicating a schedule of a location serviced by
a mesh node of the mesh nodes, and the processing circuitry is further to, in
response to determining the schedule indicates a time period of lower traffic is
scheduled, providing the communication.

[0116] Example 9 includes a non-transitory machine-readable medium of a
device of a mesh distribution network, the medium including instructions stored
thereon that, when executed by thedevice, configure thedevice to perform
operations for reducing power consumed in the mesh distribution network, the
operations comprising receiving, from communicatively coupled mesh nodes of
the mesh distribution network, data indicating whether respective mesh nodes of
the mesh nodes are acting as gateway s and an amount of traffic being served by
the mesh nodes, determining, based on the received data, a first mesh node of the
mesh nodes to put into an inactive state, and providing a communication tothe
first mesh node that causes the first mesh node to enter the inactive state.

[0117] In Example 10, Example 9 further includes, wherein determining
based on the received data, the first mesh node of the mesh nodes to put into the
inactive stateincludes determining whether the first mesh node is acting as a
gateway and in responseto determining the first mesh node is acting as a
gateway, refraining from puttingthe first mesh node into the inactive state.
[0118] In Example 11, at least one of Examples 9-10 further includes,
wherein the operations further comprise providing a communication toa second
mesh node of the mesh nodes that is communicatively coupled to the first mesh
node, the communication indicating that the first mesh is going into the inactive
state.

10119]  In Example 12, atleast one of Examples 9-11 further includes,

wherein the operations further comprise comparing the data indicating the
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amount of traffic being served by the first mesh node toa specified threshold,
and determine the first mesh node is tobe put into the inactive in responseto
determining the amount of tratfic being served is less than the specified
threshold.

[0120] In Example 13, at least one of Examples 9-12 further includes,
wherein the operations further comprise receiving further data indicating one or
more of historical power consumption of the first mesh node, cost of power for
the first mesh node, and a name of an entity responsible for providing power to
the first mesh node.

10121]  In Example 14, atleast one of Examples 9-13 further includes,
wherein the operations further comprise receiving further data indicating an
operating temperature of the mesh nodes, and determining the first mesh node of
the mesh nodes to put into an inactive statebased on the operating temperature
being greater than a specified threshold.

[0122] In Example 15, at least one of Examples 9-14 further includes,
wherein the amount of traffic being served by the mesh nodes includes an
amount of foreground traffic and background traffic and wherein the operations
further comprise providing a communication to a mesh node serving the
background traffic that causes the background traffic to be routed arcund the
mesh node.

[0123] In Example 16, at least one of Examples 9-15 further includes,
wherein the operations further comprise receiving data indicating a schedule of a
location serviced by a mesh node of the mesh nodes, and in responseto
determining the schedule indicates a time period of lower traffic is scheduled,
providing the communication.

[0124] Example 17 includes a method performed by a device of a mesh
distribution network and for reducing power consumed in the mesh distribution
network, the method comprising receiving, from communicatively coupled mesh
nodes of the mesh distribution network, data indicating whether respective mesh
nodes of the mesh nodes are acting as gateways and an amount of traffic being
served by the mesh nodes, determining, based on thereceived data, a first mesh
node of the mesh nodes to put into an inactive state, and providing a
communication tothe first mesh node that causes the first mesh node to enter the

inactive state.

26



WO 2020/005237

10

15

20

25

30

[0125] In Example 18, Example 17 further includes, wherein determining
based on the received data, the first mesh node of the mesh nodes to put into the
inactive stateincludes determining whether the first mesh node 1s acting as a
gateway and in responseto determining the first mesh node is acting as a
gateway, refraining from puttingthe first mesh node into the inactive state.
[6126] In Example 19, at least one of Examples 17-18 further includes
providing a communication toa second mesh node of the mesh nodes that is
communicatively coupled to the first mesh node, the communication indicating
that the first mesh is going into the inactive state.

10127}  In Example 20, at least one of Examples 17-19 further includes
comparing the data indicating the amount of traffic being served by the first
mesh node toa specified threshold, and determining the first mesh node is to be
put into the inactive in responsetodetermining the amount of traffic being
served is less than the specified threshold.

[0128] In Example 21, at least one of Examples 17-20 further includes
receiving further data indicating one or more of historical power consumption of
the first mesh node, cost of power for the first mesh node, and a name of an
entity responsible for providing power tothe first mesh node.

[0129] In Example 22, at least one of Examples 17-21 further includes
receiving further data indicating an operating temperature of the mesh nodes,
and determining the first mesh node of the mesh nodes to put into an inactive
state based on the operating temperature being greater than a specified threshold.
[0130] In Example 23, at least one of Examples 17-22 further includes,
wherein the amount of traffic being served by themesh nodes includes an
amount of foreground traffic and background traffic and the method further
comprises providinga communication to a mesh node serving the background
traffic that causes thebackground traffic to be routed around the mesh node.
[0131] In Example 24, at least one of Examples 17-23 further includes
receiving data indicating a schedule of a location serviced by a mesh node of the
mesh nodes, and in responseto determining the schedule indicates a time period
of lower traffic is scheduled, providing the communication.

[0132] Example 25 includes a phased array antenna sy stem comprising
antennas configured in an array, a timer to provide a timer value, a controller

coupled tothe timer and thearray, the controller to providea signal to a subarray
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of the array that causes the subarray tobe placed in an inactive statein response
tothe timer value corresponding to a first portion of a communication frame
with a link budget requirement less than a specified threshold, and provide
another signal tothe subarray of the array that causes the subarray tobe placed
in an active statein responseto the timer value corresponding toa second
portion of the communication frame with a link budget requirement greater than
a specified threshold.

[0133] In Example 26, Example 25 further includes, wherein the system
further comprises a modem and the controller is part of the modem.

10134]  In Exarple 27, atleast one of Examples 25-26 further includes,
wherein the sy stem further comprises an application processor and the controller
is part of the application processor.

[0135] In Example 28, at least one of Examples 25-27 further includes,
wherein the communication frame is an Institute of Electrical and Electronic
Engineers (IEEE) 802.11ad frame.

[0136] In Examples 29, Example 28 further includes, wherein the first portion
of the communication frame is a guard field, short training field, channel
estimation field, or header field and the second portion of the communication
frame is a data and training field.

[6137]  In Example 30, at least one of Examples 25-29 further includes,
wherein the sy stem includes circuitry to estimate a link quality of the entire
antenna array based on a link quality of one or more subarrays.

[0138] In Example 31, at least one of Examples 25-30 further includes,
wherein the antenna array includes a plurality of radio frequency integrated
circuits (RFICs), each of the RFICs including an antenna, amplifier, mixer, and a
phase shifter of a subarray of the array .

[0139] Example32 includes a method of reducing power consumed by a
phased array antenna system, the method comprising providing, by a controller
of an antenna, a signal toa subarray of theantenna array that causes the subarray
tobe placed in an inactive statein responseto a timer value of a timer
corresponding toa first portion ofa communication frame with a link budget
requirement less than a specified threshold, and providing another signal tothe
subarray of the array that causes the subarray tobe placed in an active statein

responseto the timer value corresponding toa second portion of the
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communication frame with a link budget requirement greater than a specified
threshold.

[0140] In Example 33, Example 32 further includes, wherein the controller is
part of a modem.

[0141] In Example 34, at least one of Examples 32-33 further includes,
wherein the sy stem further comprises an application processor and the controller
is part of the application processor.

[0142] In Example 35, at least one of Examples 32-34 further includes,
wherein the communication frame is an Institute of Electrical and Electronic
Engineers (IEEE) 802.11ad frame.

[0143] In Example 36, Example 35 further includes, wherein thefirst portion
of the communication frame is a guard field, short training field, channel
estimation field, or header field and the second portion of the communication
frame 1s a data and training field.

[0144] In Example 37, at least one of Examples 32-36 further includes
estimating a link quality of the entire antenna array based on a link quality of
one or more subarrays.

[0145] In Example 38, atleast one of Examples 32-37 further includes,
wherein the antenna array includes a plurality of radio frequency integrated
circuits (RFICs), each of the RFICs including an antenna, amplifier, mixer, and a
phase shifter of a subarray of the array .

[0146] Example 39 includes a non-transitory machine-readable medium of a
controller of a phased antenna array sy stem, the medium including instructions
stored thereon that, when executed by the device, configure the device to
perform operations for reducing power consumed by the phased array antenna

sy stem, the operations comprising operations of at least one of Examples 32-38.

Additional Notes:

10147} The above detailed description includes references tothe
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments that may be
practiced. These embodiments are also referred to herein as “examples.” Such
examples may include elements in addition tothose shown or described.

However, also contemplated are examples that include the elements shown or
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described. Moreover, also contemplated are examples using any combination or
permutation of those elements shown or described (or one or more aspects
thereof), either with respect to a particular example (or one or more aspects
thereof), or with respect to other examples (or one or more aspects thereof)
shown or described herein.

[0148] Publications, patents, and patent documents referred toin this
document are incorporated by reference herein in their entirety, as though
individually incorporated by reference. In the event of inconsistent usages
between this document and those documents so incorporated by reference, the
usage in theincorporated reference(s) are supplementary tothat of this
document; for irreconcilable inconsistencies, the usage in this document
controls.

[0149]  In this document, theterms “a” or “an” are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one” or “oneor more.” In this document, the term
“or” is used torefer toa nonexclusive or, such that “A or B” includes “A but not
B,” “B butnot A,” and “A and B,” unless otherwise indicated. In the appended
claims, the terms “including” and “in which” are used as the plain-English
equivalents of therespective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are open-ended, that
is, a sy stem, device, article, or process that includes elements in addition to those
listed after such a term in a claim are still deemed to fall within the scope of that

29 &

claim. Moreover, in the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended to suggest a
numerical order for their objects.

[0150] The above description is intended to be illustrative, and not restrictive.
For example, the above-described examples (or one or more aspects thereof)
may be used in combination with others. Other embodiments may be used, such
as by one of ordinary skill in the art upon reviewing the above description. The
Abstract is to allow thereader to quickly ascertain the nature of the technical
disclosure. It is submitted with theunderstanding that it will not be used to
interpret or limit the scop e or meaning of theclaims. Also, in theabove Detailed

Description, various features may be grouped together to streamline the

disclosure. However, the claims may not set forth every feature disclosed herein
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as embodiments may feature a subset of said features. Further, embodiments
may include fewer features than those disclosed in a particular example. Thus,
the following claims are hereby incorporated intothe Detailed Description, with
aclaim standing on its own as a separate embodiment. The scopeof the

5  embodiments disclosed herein is to be determined with reference tothe
appended claims, along with the full scopeof equivalents to which such claims

are entitled.
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CLAIMS

What is claimed is:

1. A device of a mesh distribution network, the device comprising
5 an application programming interface (API)to receive, from
communicatively coupled mesh nodes of the mesh distribution network, data
indicating whether respective mesh nodes of the mesh nodes are acting as
gateway s and an amount of traffic being served by the mesh nodes; and
processing circuitry to:
10 determine, based on the received data, a first mesh node of the mesh
nodes to put into an inactive state; and
provide a communication tothe first mesh node that causes the first

mesh node toenter the inactive state.

15 2. The device of claim 1, wherein determining, based on the received data, the
first mesh node of the mesh nodes to put into the inactive state includes
determining whether the first mesh node is acting as a gateway and in
response to determining the first mesh node is acting as a gateway, refraining
from puttingthe first mesh node into theinactive state.

20

2

3. The device of claim 1, wherein the processing circuttry is further toprovide a
communication toa second mesh node of the mesh nodes that is
communicatively coupled to thefirst mesh node, the communication
indicating that the first mesh is going intothe inactive state.

25
4. The device of claim 1, wherein the processing circuitry is further to compare

the data indicating the amount of traffic being served by thefirst mesh node
toa specified threshold, and determine the first mesh node is tobe put into
the inactive in responseto determining the amount of traffic being served is

30 less than the specified threshold.
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The device of claim 1, wherein the APIis further toreceive further data
indicating one or more of historical power consumption of the first mesh
node, cost of power for the first mesh node, and a name of an entity

resp onsible for providing power to the first mesh node.

The device of claim 1, wherein:

the APlis further toreceive further data indicating an operating
temperature of the mesh nodes; and

the processing circuitry is further to determine the first mesh node of the
mesh nodes to put into an inactive statebased on the operating temperature

being greater than a specified threshold.

The device of claim 1, wherein the amount of traffic being served by the
mesh nodes includes an amount of foreground traftfic and background traffic
and wherein the processing circuitry is further to providea communication to
a mesh node serving the background traffic that causes the background

traftic to be routed around the mesh node.

The device of claim 1, wherein the APlis further toreceive data indicating a
schedule of alocation serviced by a mesh node of the mesh nodes, and the
processing circuitry 18 further to, in responseto determining the schedule
indicates atime period of lower traffic is scheduled, providingthe

communication.

A noun-transitory machine-readable medium of a device of a mesh
distribution network, the medium including instructions stored thereon that,
when executed by thedevice, configure thedevice to perform operations for
reducing power consumed in the mesh distribution network, the operations
comprising

receiving, from communicatively coupled mesh nodes of the mesh
distribution network, data indicating whether respective mesh nodes of the
mesh nodes are acting as gateway s and an amount of traffic being served by

the mesh nodes;

2
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10.

11

determining, based on the received data, a first mesh node of the mesh
nodes to put intoan inactive state; and
providing a communication to the first mesh node that causes the first

mesh node toenter the inactive state.

The non-transitory of machine-readable medium of claim 9, wherein
determining based on the received data, the first mesh node of the mesh
nodes to put intothe inactive stateincludes determining whether the first
mesh node is acting as a gateway and in responseto determining the first
mesh node is acting as a gateway, refraining from puttingthe first mesh node

into the inactive state,

The non-transitory of machine-readable medum of claim 9, wherein the
operations further comprise providing a communication to a second mesh
node of the mesh nodes that is communicatively coupled tothe first mesh
node, the communication indicating that thefirst mesh is going into the

inactive state.

. The non-transitory of machine-readable medum of claim 9, wherein the

operations further comprise comparing the data indicating theamount of
traffic being served by the first mesh node toa specified threshold, and
determine the first mesh node is tobe put intothe inactive in response to
determining the amount of traffic being served is less than the specified

threshold.

. The non-transitory of machine-readable medium of claim 12, wherein the

operations further comprise recetving further data indicating one or more of
historical power consumption of the first mesh node, cost of power for the
first mesh node, and a name of an entity responsible for providing power to

the first mesh node.
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14. The non-transitory of machine-readable medium of claim 9, wherein the
operations further comprise:
receiving further data indicating an operating temperature of the mesh
nodes; and
determining the first mesh node of the mesh nodes toput into an inactive
statebased on the operating temperature being greater thana specified

threshold.

15. The non-transitory of machine-readable medium of claim 9, wherein the
amount of traffic being served by the mesh nodes includes an amount of
foreground traffic and background traftic and wherein the operations further
comprise providing a communication to a mesh node serving the background

traffic that causes the background traffic to be routed around the mesh node.

16. The non-transitory of machine-readable medium of claim 9, wherein the
operations further comprise recetving data indicating a schedule of a location
serviced by a mesh node of the mesh nodes, and in responseto determining
the schedule indicates a time period of lower traffic is scheduled, providing

the communication.

17. A method performed by a device of a mesh distribution network and for
reducing power consumed in the mesh distribution network, the method
comprising

receiving, from communicatively coupled mesh nodes of the mesh
distribution network, data indicating whether respective mesh nodes of the
mesh nodes are acting as gateway s and an amount of traffic being served by
the mesh nodes;

determining, based on the received data, a first mesh node of the mesh
nodes to put intoan inactive state; and

providing a communication tothe first mesh node that causes the first

mesh node toenter the inactive state.

2
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20.

The method of claim 17, wherein determining, based on the received data,
the first mesh node of the mesh nodes to put into the inactive state includes
determining whether the first mesh node is acting as a gateway and in
response to determining the first mesh node is acting as a gateway, refraining

from puttingthe first mesh node into theinactive state.

. The method of claim 17, further comprising providing a communication toa

second mesh node of the mesh nodes that is communicatively coupled to the
first mesh node, the communication indicating that the first mesh s going

into the inactive state.

The method of claim 17, further comprising comparing the data indicating
the amount of traftic being served by the first mesh node toa specified
threshold, and determining the first mesh node is to be put into the inactive
in responseto determining the amount of traffic being served is less than the

specified threshold.
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RECEIVE, FROM COMMUNICATIVELY COUPLED
MESH NODES OF THE MESH DISTRIBUTION
302 NETWORK, DATA INDICATING WHETHER
RESPECTIVE MESH NODES OF THE MESH NODES ARE
ACTING AS GATEWAYS AND AN AMOUNT OF
TRAFFIC BEING SERVED BY THE MESH NODES

DETERMINE, BASED ON THE RECEIVED DATA, A

304 FIRST MESH NODE OF THE MESH NODES TO PUT
INTO AN INACTIVE STATE
306 PROVIDE A COMMUNICATION TO THE FIRST MESH

NODE THAT CAUSES THE FIRST MESH NODE TO
ENTER THE INACTIVE STATE

FIG. 3



PCT/US2018/039819

WO 2020/005237

v Old

3J4NO0S
1y - zop
H3ICIAIQ 43MOd a
_ ~ bOv
| LdNYYILNI
H314IHS HILIIHS FEREHI Y3 LIIHS H3LAIHS Y3 LIIHS HIL4IHS d3L4IHS JUINILL
3ISVHd 3SYHd | 3SVHd | 3SVHd ISVHd | 3SVHd  3ISVHd IVHd | gy 104 1INOD
3 g ) ] ) i R 1 | . | | R |
w ~ Imgi ~ wmgi ~ %mi ~ mm@: ~ Qmoi ~ ummi ~ g80¢% H “ q@% - 908
ﬁ\ e ‘///// \\\\\, //// ‘ \.\\ //,,/ \ - ,/ \ \\\\ ///,,// \ \\\ ///,,,// \ T / \ //
Vo Vo [ \ Voo \
< WIXIW | HIXIA IR RERY \u HIXIN  HIXIW ) A YIXIN Ti m@._.ﬁ.:umo
R \ N \ N2 - Jop
ﬁfxmgw /_\,,,.w%w /mﬁmmgw ﬁrm% ﬁrm\%w qro%w /_me% T q%w
N\ VAN R ‘ 2N ‘ N g ‘ VARN ‘ |
N &aﬁ\ N &Eﬁ N diny \ AN mﬁq\ A\ mﬁq /N 4V SO dAY ms& /
N /
\ N\ \ NV
B PP G \ﬁ%% \Koosr \Keiois oo
| | N A A NeveLy
\\ // / : / \\ / \\ // \\ // / : / / : // \\ w\/../
/ N / \ Vs N Vs \, / \ / / / N Vs \,
\\ ,// \\ // \ / // / // \\ N \\ \ // / \
g Q A [l N I . | A N U NS . SN f.l
“Hely  TOCiy dTLbp “gziy  “azir oeiy gzl pp

Qovk\




PCT/US2018/039819

WO 2020/005237

— X 40 N3

W

9 Old

« | |[MILLINSNVHL| o | HOLVINGOW |Yngviva
oL | QN3 INOY4 4y HIAITISNVHL WIGOW NOLLYOTddY
| ¥3AIIIY | > HOLVINAOWIA Niviva . .
§ i : S
~ 909 ~ 509 < zo9 +09
009 e
1078 1018 Xy
10 LUV1S
,,,,, L |
E
N¥lL +vYLlvQ HaH = 1R
Nl “gug
13343C
QyvnNo 415 NOLLYINAOWIA L30vd NO1LD3L3a (41S) 1313 ONINIVYL LYOHS Quvno
{ £ § | 1 %
“9LG - pIS ~2is ~ 016 80 =~ 905

c0S ...m\



WO 2020/005237 PCT/US2018/039819

6/11

[700

PROVIDE, BY A CONTROLLER OF AN ANTENNA, A
SIGNAL TO A SUBARRAY OF THE ANTENNA ARRAY
THAT CAUSES THE SUBARRAY TO BE PLACED IN AN
INACTIVE STATE IN RESPONSE TO A TIMER VALUE
702 OF A TIMER CORRESPONDING TO A FIRST PORTION
OF A COMMUNICATION FRAME WITH A LINK
BUDGET REQUIREMENT LESS THAN A SPECIFIED
THRESHOLD

A

204 PROVIDE ANOTHER SIGNAL TO THE SUBARRAY OF
Y THE ARRAY THAT CAUSES THE SUBARRAY TO BE
PLACED IN AN ACTIVE STATE IN RESPONSE TO THE
TIMER VALUE CORRESPONDING TO A SECOND
PORTION OF THE COMMUNICATION FRAME WITH A
LINK BUDGET REQUIREMENT GREATER THAN A
SPECIFIED THRESHOLD.

FIG. 7
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