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Methods and systems for communication with

beamforming antennas

Al subject matter of the Priority Applications and the Related Applications
and of any and all parent, grandparent, great-grandparent, etc. applications of the
Priority Applications and the Related Applications, including any priority claims, is
incorporated herein by reference to the extent such subject matter is not inconsistent

herewith.

BACKGROUND AND SUMMARY

Commercialized, low C-SWAP (Cost, Size, Weight and Power), software
defined communications apertures will substantially 1ncrease network capacity in
future wireless networks {e.g., 5G wireless networks). Embodiments of the present
nvention provide methods and systems that employ high gan, electronically
steerable antennas for small cell radio access networks, backhaul, and mallimeter
wave applications. The steerable beam functionality may provide elevated data rates,
reduced power consumption, spectrum reuse, and dynamic network reconfiguration.
Additionally, network operating costs may be reduced and deployment schedules may
become more flexible.

Future wireless network deployments {e.g., 3G wireless network
deployments) are expected to offer increased data throughput over current
deployments. From 2010 to 2020, industry expects mobile network traffic to increase
by three orders of magnitude [1]. SG wireless systems will incorporate a number of
new technologies in order to meet the demands of spectrum crunch and energy
consumption. Researchers and industry have proposed massive MIMO (multiple
input multiple output) [ 2], cognitive radio [2], vistble light communications [2],
network densification [1], offloading [1], expanded and more efficient spectrum use
{1], neighborhood small cells [3], millimeter wave backhaul [3], cloud radio access
networks |3}, coordinated multipoint processing [3] and native machine to machine

support [4] as possible candidates for inclusion 1 5G standards.
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Presently, wide area or even omnidirectional antennas saturate spectrum due
to their low directivity. Using low directivity antennas fundamentally leads to a
higher energy cost per bit transmitted as the overwhelming majornity of the radiated
power is not captured by the recetving antenna unit. In addition, low directivity
antennas spectrally pollute their coverage area, preventing similar antenna systems
from operating simultaneously at the same frequency. Increasing network capacity
then depends on moving to ever smaller cellular coverage areas to optimize the reuse
of a carrier’s very expensive spectrum.

Using high directivity antenna systems provides higher data rate per watt (due
1o SINR gains} by restricting the RF itlluminated area. Spatial and angular diversity
provide a potentially significant increase in the network throughput by maintaining
good ‘spectral hyvgiene’ and not radiating energy in unneeded directions. This leaves
the area free for spectrum reuse by other antennas, pushing the overall system back
towards noise hinuted rather than interference limited. It 15 possible to use a massive
arrangement of non-scanning, high directivity, fixed antennas to cover a region.
However, a substantial number of fixed antennas would be needed to assure coverage,
which would be expensive and bulky. Gimbal mounted antennas are another possible
steering beam option. However, they are hikely to be far too slow, bulky and
expensive to address multiple users within the coverage area adequately.

In contrast to static antennas, electronically steered apertures can reconfigure
the radiation pattern in short time mtervals (e g., microseconds) to best service the
customers within the antenna’s coverage area. Embodiments of present invention
includes methods and systems that employ steerable antennas for high directivity and
fast electronic beam switching which we refer to as Directivity on Demand (DoD). A
DoD operating mode reduces the deploved tower site density by exploiting the
antenna’s increased coverage range. Even for short range links, operators concerned
about base station power consumption may find substantial energy savings when
using high directivity antennas in addition to providing extended battery life for user
equipment [5].

Adjacent cell towers can coexist using Inter-Cell Interference Coordination

(ICIC) techniques to assure their beams act cooperatively and not interfere. Multipath

J
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noise is reduced as the physical channel is not disiributed n unneeded directions.
Non-line-of-sight (NLoS} commumnications could scan the beam to locate effective
channels. Nomadic hotspots such as trains and ships can be served with a high gain
link from a steered beam antenna. With sufficiently low cost steerable antennas,
MIMO support can be enabled with separate apertures {or multiple feeds for one
aperture) to achieve orthogonal space division multiplexing (OSDM).

Software defined apertures (SDAs) have been realized by Active
Electronically Steered Arrays (AESAs) for decades [6]. AESAs have frustrated many
attempts to reduce their cost, size, weight and power (C-SWAP) and continue to see
almost exclusive use in the military domain. Despite the C-SWAP limitations, a
number of groups have proposed phased array based solutions for next generation
networking [3] [7] 8] [9].

Embodiments of the present invention utilize an alternative scanning beam
technology that leverages surface scattering techniques to achueve robust
beamforming. In antennas based on surface scattering techniques, coupling between
a guided wave and propagating wave 1s achieved by modulating the electromagnetic
properties of a surface m electromagnetic contact with the guided wave. This
controlied surface modulation may be referred to as a “modulation pattern” or a
“hologram pattern.” The guided wave in the antenna may be referred to as a
“reference wave” or “reference mode” and the desired free space propagating wave
pattern may be referred to as the “radiative wave” or “radiative mode.”

Surface scattering antennas are described, for example, m U.S. Patent
Application Publication No. 2012/0194399 (hereinafter “Bily 17}, with improved
surface scattering antennas being further described in U.S. Patent Application
Publication No. 2014/0266946 (hereinafter “Bily II”). Surface scattering antennas
that include a waveguide coupled to adjustable scattering elements loaded with
lumped devices are described in U.S. Patent Application Publication No.
2015/0318618 (heretnafter “Chen I"), while various holographic modulation pattern
approaches are described in U.S. Patent Application Publication No. 2015/0372389
(hereinatter “Chen 11”). Surface scattering antennas that include a waveguide coupled

to adjustable slot elements are described in U.S. Patent Application Publication No.
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2015/0380828 (heremnafter “Black I”). Curved or conformal surface scattering
antennas are described in U.S. Patent Application Publication No. 2015/0318620
{(hereinafter “Black II”"}. Broadband surface scattering antennas are described in U8,
Patent Application No. 62/271,524 (hereinafter “Black I}, All of these patent
applications are herein incorporated by reference in their entirety, and shall be
collectively referred to hereimnafter as the “MSAT applications.”

Because surface scattering antennas utilize a holographic principle of
controlied scattering of a reference wave off of a hologram defined by the antenna
modulation pattern, surface scattering antennas will be equivalently and
interchangeably described as “holographic beamforming antennas” through this
specification. Whenever embodiments contemplate a beamforming antenna, i 5
contemplated that the beamforming antenna can be a holographic beamforming
antenna or surface scattering antenna such as any of those disclosed in the above
MSAT applications; and whenever embodiments conternplate configuring or
adjusting a beamforming antenna, 1t 1s contemplated that the antenna can be
configured or adjusted as disclosed as in any of the above MSAT applications.

Surface scattering antennas have been demonstrated to operate over a wide
range of microwave and mmW frequencies, including frequency ranges from L band
to V band (1-60 GHz}. Surface scattering antennas can be rapidly reconfigured (e.g.
in microseconds} to steer a beam in arbitrary directions or form different beam shapes
in software (see, e.g., Chen II}. Some approaches leverage traditional circuit
manufacturing technologies for low cost and power consumption. Surface scattering
antennas do not require discrete phase shifters or custom monolithic microwave
integrated circuits {(MMICs) but can instead leverage commercial off the shelf
components developed for high volume production by the wireless industry. Unlike
an AESA, a surface scattering antenna does not require distributed amplification and
cooling, and this can substantially reduce the size, weight, complexity and power
consumption for embodiments of the present invention.

Embodiments utilize surface scattering antennas that can be made conformal
(see, e.g., Black I} to support more discrete deployment locations in municipalities

that have stringent aesthetic requirements for antenna installations. In some
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embodiments the antenna profile thickness is as low as 2 inch (12.7mm} which
aliows deployment in a variety of locations without disturbing the appearance of the
host structure. It has been noted that spatial densification s hikely to require this kind
of low cost, low profile and conformable technology for discrete deployments {3].

Steerable high directivity antennas result in greater spectral reuse to mininuze
interference. For example, replacing a low directivity antenna on a small cell with a
holographic beamforming antenna, while keeping a low directivity antenna on the
UE, enhances the link margin compared to a link where both antennas have low
directivity. The increased gain of a holographic beamforming antenna allows the UE
to decrease its transmission power for UE while maintaining a good margin,
ncreasing UE battery life and decreasing interference with other devices.

In much the same way that the advent of MIMO caused a redesign of the
wireless protocol stack, so too will the use of SDAs for highly directive spatial
channelization. No longer will the antenna be relegated to the less sophisticated PHY
layer as traditionally has been the case. “Dumb” antennas were static elements and
not used as an additional tool to increase throughput, spectral efficiency or range.
SDAs represent the last dynamic piece of a fully software defined radio system and as
such, will need a reshaped wireless protocol stack to mform the network on how best
to take advantage of this new capability.

Some embodiments provide for using holographic beamforming antennas for
adaptive routing within communications networks, such as wireless backhaul
networks. For example, in future 5G networks, wireless backhaul will be employed
to connect small cells. The small cells are unlikely to have dedicated fiber or wired
links due to the predicted density of their deployment. These links will hikely need
beam steering for dynamic routing around obstacles and maintaining link
performance in the presence of pole sway.

Further embodiments provide for using holographic beamforming antennas
for discovering and/or addressing nodes in a communication network with steerable,
high-directivity beams. For example, in future 5G networks, the macro cell, small
cell and UE will be simultaneously engaged with each other, a concept which has

been discussed as the heterogeneous network (HetNet) [11] Both backhaul networks



WO 2016/205396 PCT/US2016/037667

(A%

10

20

[\9)
LA

and radio access networks (RANs) may utilize high directivity beam steering and
millimeter wave connectivity to end users to provide greatly expanded channel
capacity.

Still further embodiments provide for using beamforming antennas to extend
the range of communications nodes and to provide bandwidth assistance to adjacent
communications nodes via dynamic adjacent cell assist (DACA). For example, in
future 5G networks, small cells may be employed within the coverage area of a
macrocell to divide the coverage into ever smaller subunits. Embodiments could
reduce the number of needed small cells through Dynamic Adjacent Cell Assist
(DACA).

Still further embodiments provide for using MIMO in concert with
holographic beamforming for additional channel capacity. MIMO is enhanced by use
of coordimated holographic beamforming antennas. The channel capacity of directed-
beam MIMO scales linearly with the number of antennas and logarithmically with
antenna gain, Networks can simultaneously wutilize both MIMO and DoD (Directivity
on Demand via holographic beamforming} to maximize channel capacity.

The foregoing summary 1s tustrative only and 1s not intended to be in any
way limiting. In addition to the dlustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent by

reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

FIG 1A depicts a scenario for adaptive routing within a communications
network.

FIG. 1B depicts a scenario for high directivity beam connectivity withina
comimunications network.

FIG. 1C depicts a scenario for dvnamic adjacent cell assist withina
comimunications network.

FIG 2A depicts a cell deployment,

FIG. 2B depicts a cell deployment with multiple beamforming antennas.

-6 -
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FIG, 2C depicts a cell deplovment with a range-extending beamforming
antenna.

FIG. 2D depicts a cell deplovment with dvnamic adjacent cell assist.

FIG. 3 depicts a plot of channel capacity.

FIG. 4 depicts a system block diagram.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detaited description, drawings, and claims are not
meant to be lumting. Other embodiments may be utihized, and other changes may be
made, without departing from the spirit or scope of the subject matter presented here.

With reference to FIG. 14, an llustrative scenario is depicted for adaptive
routing within a communications network. The illustrative network includes three
nodes 100, 116, and 1286, The node 180 is depicted as a macro cell node and the
nodes 110 and 120 are depicted as small cell nodes, but this depiction is not intended
to be limiting; in various embodiments, each of the various nodes can be selected
from a list of node types that includes macro cell nodes, small cell nodes (including
nano, pico, and femto cells), other base station or access point nodes, and user
equipment nodes. In some embodiments the communications network is a wireless
mesh network that includes one or more root nodes and one or more mesh nodes: the
root nodes are nodes having a high speed connection {such as a fiber or other wired
connection) to a communications backbone, while the mesh nodes lack such a high
speed connection and are instead connected to the communications backbone via
wireless paths that can include zero, one, or more intermediate mesh nodes. Thus,
FIG. 1A depicts an example network that includes one root node (the macro cell node
108) and two mesh nodes (small cells 118 and 128).

In the illustrative scenario of FIG. 1A, communications node 10¢ includes at
least one bearforming antenna 181, cormmmunications node 118 includes at least two

beamforming antennas 111 and 112, and communications node 128 includes at least
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one beamforming antenna 121, The beamforming antennas establish communications
channels 146, 15¢, and 160 between the nodes; in the illustrative example of FIG.
14, these are backhaul channels, but one or more of the channels can be a RAN
channel, e g. when 1t connects to a UE node. The illustration contemplates a dynamic
rerouting of the network when an obstacle 130 obstructs a communications channel
1480 between node 180G and node 128. In view of the obstacle 130, the node 128
reconfigures its beamforming antenna to direct a beam not along the blocked
communications channel 140, but instead along the open communications channel
150, 1.e to direct a beam at the node 116,

The obstacle 138 15 depicted as a physical obstacle that obstructs the
commmunications channel 149; more generally, the node 120 receives mformation
indicating a preference to reroute from node 108 to node 118 and steers its
beamforming antenna 121 accordingly. The rerouting preference can occur when
there is physical interference with the communications channel (e g rain fade, a
passing vehicle};, when there 15 electromagnetic interference with the communications
channel {e.g. the presence of a nearby source of noise or spectrum nterference}; or
when there 1s a bandwidth constraint at the other end of the communications channel
{(e.g. at outage or shortage at the adjacent node or an outage or shortage for a wireless
path between the adjacent node and a root node).

In some approaches, the node 128 receives the information indicating a
rerouting preference directly via monitoring of communications channel 148, For
example, the power received from the adjacent node may drop off; or the node may
observe a decrease in SINR (signal-to-interference-plus-noise ratio} or CINR {carrier-
to-interference-plus-noise ratio) for the communications channel, or the node may
observe channel state information indicating a reduced channel quality. In other
approaches, the node 120 receives the information indicating the rerouting preference
indirectly. For example, the node may receive an outage dication from the network,
or the node may receive an instruction to reroute to another adjacent node from the
network. The node might recetve this indication from the network as control data that
15 commumnicated along one or more of the existing communications channels 146,

150, 160, or the node nught receive this mformation from the network via a
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complementary or subsidiary network. For example, the node might be also equipped
with a supplemental wireless network module such as a WLAN, WiMAX, 2G, 3G,
4G/LTE, FM or Bluetooth module, and this supplemental network module might
receive the outage mdication or the mnstruction to reroute. In some approaches, the
instruction to reroute might originate at a network operations center (NOC). For
example, a network operations center might reconfigure the network to respond to
outages or to provide surge capacity for high traffic situations such as sporting events,
disasters, or rush hour commuting.

With reference to FEG. 1B, an illustrative scenario is depicted for discovering
and/or addressing nodes for both backhaul and RAN in a communication network.
The dlustrative network meludes three nodes 1060, 130, and 170, The node 160 15
depicted as a macro cell node, the node 118 1s depicted as small cell node, and the
node 178 1s depicted as a user equipment node, but this depiction 13 not intended to be
himiting; i various embodiments, each of the various nodes can be selected froma
list of node types that includes macro cell nodes, small cell nodes (including nano,
pico, and femto cells), other base station or access point nodes, and user equipment
nodes.

In the illustrative scenano of FIG. 1B, a virtual communications channel 188
between the node 108 and the node 178 15 accomplished with the combination of a
first high directivity channel 198 between node 170 and node 118 (e 2. a RAN
channel to a UE node) and a high directivity channel 160 between node 110 and node
180 (= g. a backhaul channel to the macro cell). The use of high directivity channels
entails systems and methods for discovering locations of adjacent nodes and then
selecting beam configurations for the antennas that define the high directivity
channels. For example, the node 108 might be equipped to discover the location of
the node 110 and then configure the beamforming antenna 161 to direct a high
directivity beam at the node 110 to establish the backhaul communications channel
1690; and the node 118 might be equipped to configure to discover the location of the
node 170 and then configure the beamforming antenna 118 to direct a high directivity

beam at the node 1708 to establish a RAN channel 190,
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In some approaches, the high-directivity backhaul and RAN channels are
millimeter-wave channels. One of the key limitations of moving from 4G to 5G
systems 1s the spectrum crunch. As demand for mobile data increases, there is
seemingly never enough spectrum available One key enabler for 5G systems 1s the
expected use of millimeter-wave (mmW) frequencies, at multiple levels of the
network (including potentially backhaul, fronthaul and RAN). The bands at mmW
frequencies offer very large blocks of contiguous bandwidth: a frequency domain
multiplexing system utilizing the lightly licensed E-band, for example, could
potentially utilize SGHz of spectrum each for transmit and receive. Other candidate
bands include 28GHz, 39GHz, and the unlicensed 60GHz bands, offering up to GHz
of available bandwidth and they are under consideration for RAN in 5G systems
(including by the FCC [13]}. As examples, the 28GHz band (licensed in the United
States for local multipoint distribution service), and the 39 GHz band (hicensed for
fixed point-to-point operation), are heavily underutilized. There has been a variety of
recent work examining the suitability of these bands for 5G RAN; including studying
the posstbility of current 39GHz fixed service and mobile 5G coexistence [14]. Proof-
of-concept demonstrations have also shown the suitability of using phased array
antennas at 28GHz for base stations [15].

Two major hmitations of state-of-the-art mmW technology are the mncreased
Friis transmission loss and low available output power of current devices [3]. The
large and unrestricted bandwidth at 60GHz, for example, is hindered by the high path
loss due to oxyvgen absorption. Moreover, commercially available mmW amplifiers
offer output power of only 1 W with low efficiency at many bands.

Both of these hmitations result in significantly lower link margin for a given
system. However, significant increases in margin can be provided by the use of high
directivity antennas. For mmW frequencies, very high gain antennas can be realized
in small physical areas. As an example, at 60 GHz and E-band frequencies, antennas
with over 30 dB1 of gain can be realized in areas under one square foot, providing
significantly higher gain than existing 4G antennas in a small footprint. The expected
dense deployment of small cells may entail large numbers of low-cost, high-gain

antennas 1o locations where municipalities may balk at large dish antennas. Thus,
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antennas with low profile, low weight, and low power consumption will be crucial to
realize mmW-based networks.

Using mmW frequencies for RAN makes the use of beamforming antennas
even more crucial. The gain needed to overcome the limitations noted above will
require the use of highly directive antennas rather than ommdirectional antennas,
while also retaining the ability to switch the beam direction or even width to offer
sufficient coverage of UEs on an as-needed basis. Holographic beamforming
antennas provide the necessary flexibility to switch between many UEs on a per-
frame or even per-packet basis while offering such DoD.

Returning to the illustrative scenario of FIG. 1B, embodiments entail
operating a cornmunications node {(such as macro cell node 108 or small cell node
118) that includes a holographic beamforming antenna (such as antenna 161 or
antenna 111, respectively) to discover an adjacent node (such as small cell node 110
or user equipment node 178, respectively) and to configure the holographic
beamforming antenna to pownt a ligh directivity beam at the adjacent node (e.g. along
the high directivity backhaul channel 160 or the high directivity RAN channel 198,
respectively).

The discovery of the adjacent node may mclude adjusting the holographic
beamforming antenna to provide a sequence of search beam patterns. The sequence
of search beam patterns may be used to call and receive a reply from the adjacent
node (e.g. where the adjacent node is configured to periodically histen for and respond
to a call signal), or the sequence of search beam patterns may be used to simply histen
for a beacon signal from the adjacent node {e.g. where the adjacent node is configured
to periodically broadcast a beacon signal}. In some approaches, the sequence of
search patterns is a scan sequence of search patterns; for example, the antenna may be
adjusted to scan a narrow fan beam through a range of azimuthal angles to determine
the (azimuthal) location of the adjacent node, or the antenna may scan a narrow
pencil beam through a range of both azimuthal and altitudinal angles to determine the
{azimuthal and altitudinal} location of the adjacent node. In other approaches, the
sequence of search patterns is a sequence of random search patterns; for example, the

antenna may be adjusted to step through a sequence of narrow fan or pencil beams

~11 -
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having random azimuthal and/or altitudinal angles, or the antenna may be adjusted to
step through a sequence of random, low-directivity, substantially orthogonal beams
that substantially fill a search area. In the former scheme, the random sequence
continues until the adjacent neighbor 15 discovered; in the latter scheme, the
corresponding sequence of signals from the adjacent node can be used to make a
statistical estimate of the location of the adjacent node, according to a compressive
sensing algorithm such as those described i U.S. Patent Application Publication No.
2013/0335256, herein incorporated by reference. In vet other approaches, the
sequence of search beam patterns includes progressively narrower search beams that
narrow in on the location of the adjacent node. For example, the sequence of search
beam patterns may include a first scan of very broad bears to discover a general
location of the adjacent node, then a second scan of narrower beams to discover a
more precise location of the adjacent node, and so on as needed. An example of such
a progressively narrowing search 1s a binary search {or more generally, an N-ary
search} that explores a sequence of fractional recursive subdivistons of an mnitial
search area.

While in some approaches the discovery proceeds without any imitial
mtormation about the location of the adjacent node, in other approaches the discovery
proceeds with 1mtial information about an approximate location of the adjacent node.
For example, the node may receive information about an approximate location of the
adjacent node, such as physical coordinates (e.g. GPS coordinates) of the adjacent
node. The node might receive the approximate location iformation from the
network as control data that 1s communicated along one or more existing
communications channels (e.g. with previcusly discovered nodes), or the node might
recetve this information from the network via a complementary or subsidiary
network. For example, the node might be also equipped with a supplemental wireless
network moduie such as a WLAN, WiIMAX, 2@, 3G, 4G/LTE, FM or Bluetooth
module, and this supplemental network module might recetve the approximate
location information. In some approaches, the approximate location information
might originate at a network operations center (NOC). In some approaches, the node

is further equipped to obtain information about 1s own physical coordinates and
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orientation, e.g. from one or more sensors located at the node (these could include a
GPS sensor, a magnetometer, an accelerometer, and/or a gyroscope). Thus, the node
could combine information about the physical coordinates of the adjacent node with
information about physical coordinates and orientation of the instant node to identify
a search area in which to search for the adjacent node. For example, the node could
identify a search area that encompasses degrees of uncertainty about the physical
coordinates of the adjacent node and physical coordinates and orientation of the
instant node. Then, the node could proceed with a search sequence such as those
described in the previous paragraph, except that the search sequence 1s limited to
search beams that explore the identified search area.

While the discovery approaches set forth above describe discovery of a single
adjacent node, the approaches are equally suitable to discover a plurality of adjacent
nodes. Supposing that a communication node has discovered a plurality of adjacent
nodes, one approach for communicating with the plurality of adjacent nodes 15 to
repeatedly switch the holographic beamforming antenna to point a repeated sequence
of high directivity beams at the plurality of adjacent nodes (this is a time division
multiplexing approach). In a time division multiplexing approach, the holographic
beamfornmung antenna can be switched, e.g., on a per-packet basis or on a per-frame
basts. Another approach 13 to equip the node with a plurality of holographic
beamforming antennas. I the plurality of holographic beamforming antennas is less
than the plurality of discovered adjacent nodes, some switching (time division
multiplexing} would still be needed to communicate with all of the discovered
adjacent nodes. If the plurality of holographic beamforming antennas 1s equal to the
plurality of discovered adjacent nodes, each of the beamforming antennas can be
dedicated to a respective adjacent node.  If the plurality of holographic beamforming
antennas 1s greater than the plurality of discovered adjacent nodes, multiple
heamforming antennas can be dedicated to selected adjacent nodes and
communication with the selected adjacent nodes can benefit from MIMO channel
capacity enhancement, as further discussed below.

With reference to FIG. 1C, an illustrative scenario is depicted for dynamic

adjacent cell assist within a communications network. The illustrative network
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includes three nodes 100, 110, and 128 The node 1890 15 depicted as a macro cell
node and the nodes 118 and 120 are depicted as small cell nodes, but this depiction 1s

not mtended to be limiting; in various embodiments, each of the various nodes can be

selected from a list of node types that includes macro cell nodes, small cell nodes
(including nano, pico, and femto cells}, other base station or access point nodes, and
user equipment nodes.

The illustration of FI1G. 1C includes a macro cell 106 having backhaul
channels 105, 106 to small cells 110, 120 respectively. These backhaul connections
could be high directivity, possibly millimeter wave, connections that are made using
beamforming antennas according to the approaches set forth above. Thus, the nodes
118 and 128 may include backhaul antennas 111 and 121 configured to point high
directivity beams along the backhaul channels 105 and 106, respectively, and to
transmit or receive backhaul data along these backhaul channels, perhaps in a nunW
frequency band; and these backbaul antennas may be implemented as holographic
beamforming antennas.

Meanwhile, the nodes 118 and 128 also mclude respective antennas 112 and
122 to provide communications service 1o user equipment in respective cellular
coverage areas 118 and 128 Ina traditional cellular deployment, a user 11610 a first
coverage area 118 would recetve service via a communications channel 117 with the
antenna 112 serving that first coverage area, whereas a user 126 in a second coverage
area 125 would receive service via a commumnications channel 127 with the antenna
122 serving that second coverage area. However, embodiments of the present
invention equip the node 116 with a holographic beamforming antenna 112 that can
provide dynamic adjacent cell assistance by providing a communications channe] 129
for a distant user 128 outside the traditional coverage area 115 of the node 116, Thus,
embodiments entail configuring a holographic beamforming antenna (such as antenna
112) to direct a first beam {(e.g., $17) at a local user (e.g., 116), and then, responsive
to recetving information indicating a bandwidth shortage at an adjacent node (e.g.,
1260), reconfiguring the beamforming antenna to direct a second beam {(e.g., 129} ata

distant user {e.g., 128).
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In some approaches, the antennas 112 and 122 may provide millimeter-wave
RAN service to the user equipment in the coverage areas, whereas in other
approaches, the antennas 112 and 122 provide lower frequency RAN service to the
user equipment, e.g. at lower frequency bands appropriate for various 3G, 4G, and 5G
RAN protocols.

In some approaches, the beamforming antenna may use a relatively low
directivity beam 117 to local address users 116 within a local coverage area 115, and
a relatively high directivity beam 129 to address distant users 128 within an adjacent
coverage area 125, The relatively low durectivity beam might encompass a set of
local users; for example, the low directivity beam might address an entire sector of
the coverage area 115 in approaches where each cellular coverage area 1s divided into
sectors. Meanwhile, the relatively high directivity beam 129 might have a greater
range by virtue of its higher directivity, thus allowing the beamforming antenna 112
to extend its range into the adjacent coverage area 128 to address distant users. In
other approaches, high directivity beams may be used to address both local users and
distant users.

In some approaches, a node receives mformation indicating a bandwidth
shortage at an adjacent node via a network that mncludes the mstant node and the
adjacent node. For example, n the tustrative scenario of FIG. 1C, the node 110
might receive information indicating a bandwidth shortage at adjacent node 128 via a
commumnication along the backhaul channel 105 As another example, the node might
receive the bandwidth shortage indication from the network via a complementary or
subsidiary network. Thus, the node mught be also equipped with a supplemental
wireless network module such as a WLAN, WiMAX 2G, 3G, 4G/LTE, FM or
Bluetooth module, and this supplemental network module might receive the
bandwidth shortage indication. In some approaches, the bandwidth shortage
indication might originate at a network operations center (NOC).

With reference now to FIGS. 2A4-2D, an illustrative cell deployment scenario
is depicted. ¥FIG. 2A depicts an idealized traditional coverage layout where each
small cell {or macrocel!) station 208 covers three adjacent sectors 201 using static

beam antennas. In the dlustrative scenario, each static antenna has a gain of 14dB and
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covers a 1207 arc. The station spacing may be optimized to assure complete coverage
while minimizing adjacent site interference. Inter-Cell Interference Coordination
(ICIC) 1s employed to handle the boundaries between adjacent cells.

In FIG. 2B, the traditional static antenna addressing each cell sector 261 is
replaced by a plurality of beamforming antennas. This allows a plurality (e.g. 202,
203) of simultaneous, independent beams from a single base site to serve a given
cell’s coverage area using the same carrier frequency.

In FIG, 2C, the traditional static antenna has been replaced with a
beamforming antenna capable of forming a higher gain beam 204 (for example,
providing a gain of 24dB with a beam width of 5%). The narrower beam can provide
advantages of higher signal power, reduced interference, reduced noise and full
coverage for its traditional area of responsibility by rapid beam switching {space
division multiple access). Moreover, the narrower beam has an extended range 203
that extends mto the traditional coverage areas of the adjacent base stations.

In FIG. 2B, a dynamic adjacent cell assist scenario 1s depicted wherein a
single base station 210 has been overwhelmed by a transient demand for data
bandwidth by users within coverage area 211 served by the base station 218, In this
scenario, nearby base stations 212 that have spare bandwidth can cooperatively assist
the primary station 218 by pomting high directivity beams 213 at the coverage area
211, maximizing spatial spectrum reuse. Beamforming antennas operating in this
Dynamic Adjacent Cell Assist (DACA) mode may reduce the number of small cells
needed as the network densifies. This may be especially useful in areas where very
high bandwidth demands only happen with low frequency where it makes little
economic sense to deploy a static extra node to cover an extreme case.

Some embodiments provide for using MIMO 1n concert with holographic
beamforming for additional channel capacity. Beamtorming combined with MIMO
can result in substantial capacity gains [16]. For a traditional non-directive MIMQO
system the channel capacity scales as

Cyimo =~ plogy (1 + SNR),
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where p is the number of MIMOG channels and SNR is the mirinsic signal to noise
ratio with no directive antenna gain. The channel capacity scales linearly whereas
directive beamforming alone scales as

Crop = log, (1 + SNR - &),
where (3 15 the additional beamforming gain of the directive antenna. The best of both
techniques are combined in beamformig MIMO where the channel capacity scales
as

Cpopemimo = p logz (1 + SNR - G),
resulting 1n significant channel capacity enhancement. FIG. 3 depicts an example
comparing these channel capacities for the case where p = 4 (4-channel MIMOQO) and
G = 15 dB. 1t can be seen that DoD alone (301} is helpful in low SNR environments
(as will be the case for many millimeter wave systems) but i1 high SNR siteations
MIMO (302) 1s supertor. However, Dol enhanced MIMO (303) dominates in all
SNR situations.

In some approaches, a MIMO enhancement of channel capacity may be
implemented by using multiple feeds for a holographic beamforming antenna. Thus,
for every embodiment that contemplates a holographic beamforming antenna, the
holographic beamforming antenna can include a plurality of RF feed ports addressed
by a respective plurality of RF transmutters or receivers. Then the respective plurality
of RF transmitiers or receivers can be addressed with MIMO multiplexing and/or
demuluplexing circuitry to provide a corresponding plurality of MIMO channels.

In other approaches, a MIMO enhancement of channel capacity may be
implemented by using multiple holographic beamforming antennas. Thus, for every
embodiment that contemplates a holographic beamtorming antenna, the holographic
beamforming antenna can be replaced with a plurality of holographic beamforming
antennas addressed by a respective plurality of RF transmutters or receivers. Then the
respective plurality of RF transmitters or recetvers can be addressed with MIMO
multiplexing and/or demultiplexing circutiry to provide a corresponding plurality of
MIMO channels.

With reference now to FEG. 4, an illustrative embodiment 15 depicted as a

system block diagram. The system 408 includes an antenna control unit 410 that
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includes circuitry for adjusting control inputs of one or more holographic
beamforming antennas 428. The system optionally mncludes the one or more
holographic beamforming antennas 420 {(in some embodiments, the system omuits the
one or more holographic beamforming antennas 420 and 1s instead configured for
later connection to the one or more holographic beamforming antennas).

The antenna control unit 4180 can include circuitry for adjusting control inputs
of the one or more holographic beamforming antennas according to any of the
embodiments set forth above. For example, the antenna control unit can include:
circuttry tor receiving information indicating a rerouting preference and reconfiguring
a holographic beamforming antenna according to the rerouting preference; circuitry
for discovering an adjacent node (e.g. with a plurality of search beams) and pointing a
high directivity beam at the discovered adjacent node; and/or circuitry for receiving
mnformation mdicating an adjacent node bandwidth shortage and reconfiguring a
holographic beamforming antenna to assist the adjacent node.

The system 406 optionally 1ncludes one or more transmitters, receivers, or
transcetvers 438 connected or connectable to feed ports of the respective holographic
beamforming antennas 428. The system optionally includes a modem 448 coupled to
the one or more transmitters, recetvers, or transceivers 439, The modem can be
configured to provide information to the antenna control anit 418 so that the antenna
control unit can carry out 1s beamforming and beam-steering functions. For example,
the modem can be configured to report reply signals from an adjacent node when the
antenna control unit is seeking to discover adjacent nodes. As another example, the
modem can be configured to report information about an approximate location of the
adjacent node when the antenna control unit is seeking to discover adjacent nodes.
As another example, the modem can be configured to report information indicating a
rerouting preference. As another example, the modem can be configured to report
information indicating a bandwidth shortage at an adjacent node. As another
example, the modem can be configured to report a frame rate or packet rate so that
the antenna control unit can switch the one or more holographic beamforming

antennas at the reported frame rate or packet rate.
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The system 408 optionally includes a supplementary wireless network module
450 configured to provide information to the antenna control unit 410 so that the
antenna control unit can carry out its beamforming and beam-steering functions. For
example, the network module can be configured to report information about an
approximate location of the adjacent node when the antenna control unit is seeking to
discover adjacent nodes. As another example, the network module can be configured
to report mformation indicating a rerouting preference. As another example, the
network module can be configured to report information indicating a bandwidth
shortage at an adjacent node. The network module can include, for example, a
WLAN, WiMAX 2G, 3G, 4G/LTE, FM or Blugtooth network module.

The system 400 optionally includes a sensor module 469 that includes one or
more of a GPS sensor, a magnetometer (compass), an accelerometer, and/or a
gyroscope. The sensor module can be configured to report mformation about
physical coordinates and/or physical orientation of a communication node to assist
the antenna control unit in discovering adjacent nodes.

The system 408 optionally includes MIMO multiplexing and/or
demultiplexing circuitry 478 to provide for MIMO utilization of multiple RF

channels.
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The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or examples.
Insofar as such block diagrams, flowcharts, and/or examples contain one or more
functions and/or operations, tt will be understood by those within the art that each
function and/or operation within such block diagrams, flowcharts, or examples can be
mplemented, individually and/or collectively, by a wide range of hardware, software,
fumware, or virtually any combination thereof. In one embodiment, several portions
of the subject matter described herem may be implemented via Apphication Specific
Integrated Circuits { ASICs), Field Programmable Gate Arrays (FPGAs), digital signal
processors {BSPs), or other integrated formats. However, those skilled in the art will
recognize that some aspects of the embodiments disclosed herein, 1n whole or in part,
can be equivalently implemented in integrated circuits, as one or more computer
PrOgrams running on one of more computers (£.g., as One Of MOTE Programs running
On one or more computer SyStems}, as one of Mmore Programs running on one of more
Processors {£.2., as one of MOre Programs running on one of More MiCroProcessors),
as firmware, or as virtually any combination thereof, and that designing the circuitry
and/or writing the code for the software and or firmware would be well within the
skill of one of skill in the art in hight of this disclosure. In addition, those skilled in the
art will appreciate that the mechanisms of the subject matter described herein are
capable of being distributed as a program product in a variety of forms, and that an

itlustrative embodiment of the subject matter described herein applies regardless of
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the particular type of signal bearing medium used to actually carry out the
distribution. Examples of a signal bearing mediom include, but are not limited to, the
following: a recordable type medium such as a floppy disk, a hard disk drive, a
Compact Disc (CD), a Digital Video Disk (DVD), a digital tape, a computer memory,
etc.; and a transmission type medium such as a digital and/or an analog
communication medium {e g, a fiber optic cable, a waveguide, a wired
communications link, a wireless communication link, etc.).

In a general sense, those skilled in the art will recognize that the various
aspects described herein which can be implemented, individually and/or collectively,
by a wide range of hardware, software, firmware, or any combination thereof can be
viewed as being composed of various types of "electrical circuntry.” Consequently, as
used herein "electrical circuttry” includes, but 1s not limited to, electrical curcuitry
having at least one discrete electrical circunt, electrical circuitry haviong at least one
integrated circuit, electrical circuttry having at least one application specific
mntegrated circuit, electrical circuitry forming a general purpose computing device
configured by a computer program {e.g., a general purpose computer configured by a
computer program which at least partially carries out processes and/or devices
described heremn, or a microprocessor configured by a computer program which at
least partially carries out processes and/or devices described herein), electrical
circuitry forming a memory device {e.g., forms of random access memory}, and/or
electrical circuitry forming a communications device {e.g., a modem,
communications switch, or optical-electrical equipment). Those having skill in the
art will recognize that the subject matter described herein may be implemented 1n an
analog or digital fashion or some combination thereof.

All of the above U 8. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications
referred to in this specification and/or listed in any Application Data Sheet, are
incorporated herein by reference, to the extent not inconsistent herewith.

One skilled in the art will recognize that the herein described components
(e.g., steps}, devices, and objects and the discussion accompanying them are used as

examples for the sake of conceptual clarity and that various configuration
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modifications are within the skill of those in the art. Consequently, as used herein,
the specific exemplars set forth and the accompanying discussion are intended to be
representative of their more general classes. In general, use of any specific exemplar
herein is also intended to be representative of its class, and the non-inclusion of such
specific components {e.g., steps), devices, and objects herein should not be taken as
indicating that limitation is destred.

With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the context and/or application. The
various singular/plural permutations are not expressly set forth herein for sake of
clarity.

Whule particular aspects of the present subject matter described herein have
been shown and described, 1t will be apparent to those skilled in the art that, based
upon the teachings herein, changes and modifications may be made without departing
from the subject matter described herein and 1ts broader aspects and, therefore, the
appended claims are to encompass within their scope all such changes and
modifications as are withun the true spint and scope of the subject matter described
herein. Furthermore, it 1s to be understood that the mvention 1s defined by the
appended claims. It will be understood by those within the art that, in general, terms
used herein, and especially in the appended claims {e.g., bodies of the appended
claims) are generally intended as “open” terms (e.g., the term “inchuding” should be
interpreted as “including but not imited to,” the term “having” should be interpreted
as “having at least,” the term “includes” should be mterpreted as “includes but 13 not
limited to,” etc.). It will be further understood by those within the art that if a
specific number of an introduced claim recitation 1s intended, such an mtent will be
explicitly recited in the claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the following appended clatms may
contain usage of the mtroductory phrases "at least one" and "one or more” to
introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite articles

1T

a" or "an" limits any particular claim containing such mtroduced claim recitation to
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inventions containing only one such recitation, even when the same claim includes
the introductory phrases "one or more" or "at least one” and indefinite articles such as
"a" or "an" {e.g., “a” and/or “an” should typically be interpreted to mean “at least
one” or “one or more”’}; the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced
claim recitation is explicitly recited, those skilled in the art will recognize that such
recitation should typically be interpreted to mean at Jeast the recited number (e g | the
bare recitation of "two recitations,” without other modifiers, typically means af feast
two rectiations, ot hvo or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.” 15 used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention {e.g., * a system having at least one of A, B, and C” would include but not
be limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.}. In those instances
where a convention analogous to “at least one of A, B, or C, etc.” is used, n general
such a construction 15 intended in the sense one having skill in the art would
understand the convention {e.g., © a system having at least one of A, B, or €7 would
mclude but not be lmited to systems that have A alone, B alone, C alone, Aand B
together, A and C together, B and C together, and/or A, B, and C together, etc.). It
will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description,
claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms. For example, the phrase
“A or B” will be understood to include the possibilities of “A” or “B” or “Aand B.”
With respect to the appended claims, those skilled in the art will appreciate
that recited operations therein may generally be performed in any order Examples of
such alternate orderings may include overlapping, interleaved, interrupted, reordered,
incremental, preparatory, supplemental, simultaneous, reverse, or other variant
orderings, unless context dictates otherwise. With respect to context, even terms like
“responsive to,” “related to,” or other past-tense adjectives are generally not intended

1o exclude such variants, unless context dictates otherwise,
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Aspects of the subject matter described herein are set out in the following

numbered clauses:

A method of operating a communications node that inchudes a holographic
beamforming antenna, comprising;

discovering a first adjacent node; and

configuring the holographic beamforming antenna to point a high directivity

beam at the adjacent node.

The method of clause 1, wherein the communications node s one of a base
station node and a user equipment node and the first adjacent node 1s the other

of the base station node and the user equipment node.

The method of clause 1, wherein the communication node is one of a small
cell node and a macro cell node and the first adjacent node is the other of the

small cell node and the macro cell node.

The method of clause 1, wherein the communications node 1s a first small cell

node and the first adjacent node s a second small cell node.

The method of clause 1, wherein the high directivity beam is a fan beam

having a narrow azimuthal beamwidth and a wider altitudinal beamwidth.

The method of clause 1, wherein the high directivity beam 15 a pencil beam

having a narrow azimuthal beamwidth and a narrow altitudinal beamwidth.

The method of clause 1, wherein the discovering of the first adjacent node
mcludes:
repeatedly adjusting the holographic beamforming antenna to provide a

sequence of search beam patterns.

The method of clause 7, wherein the discovering of the first adjacent node
further includes:
receiving one or more signals from the adjacent node during the sequence of

search beam patterns; and

)
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16.

using the one more signals to determine a location of the adjacent node.

The method of clause 8, wherein the discovering of the first adjacent node

further includes:

transmitting a sequence of search signals with the respective sequence of
search beam patterns;

and wherein the one or more received signals are one more reply signals from

the adjacent node responsive to the sequence of search signals.

The method of clause 8, wherein the one or more received signals are one or

more beacon signals from the adjacent node.

The method of clause 8, wherein the sequence of search beam patterns

includes a scan sequence of beam patterns.

The method of clause 11, wherem the scan sequence of beam patterns

includes an azimuthal scan sequence of beam patterns.

The method of clause 11, wherem the scan sequence of beam patterns
includes a plurality of azimuthal scan subsequences corresponding to a

respective plurality of altitudes.

The method of clause 11, wherem the scan sequence of beam patterns s a

raster scan sequence of beam patterns.

The method of clause 11, wherem the scan sequence of beam patterns s a
scan sequence of fan beams having a narrow azimuthal beamwidth and a

wider altitudinal beamwidth.

The method of clause 11, wheremn the scan sequence of beam patterns 15 3
scan sequence of pencil beams having a narrow azimuthal beamwidth and a

narrow altitudinal beamwidth.

The method of clause 8, wherein the sequence of search beam patterns

includes a sequence of pseudorandom beam patterns.
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The method of clause 17, wherein the sequence of pseudorandom beam
paiterns includes a sequence of high directivity beam patterns having

pseudorandom beam directions.

The method of clause 18, wherein the sequence of high directivity beam
patterns having pseudorandom beam directions includes a sequence of fan
beams having narrow azimuthal beamwidths and pseudorandom azimuthal

directions.

The method of clause 18, wherein the sequence of high directivity beam
patterns having pseudorandom beam directions includes a sequence of pencil
beams having narrow azimuthal and altitudinal beamwidths and

pseudorandom azimuthal and altitudinal directions.

The method of clause 17, wherem the sequence of pseudorandom beam
patterns includes a sequence of low-directivity pseudorandom beam patierns

that are substantially orthogonal and substantially fill a search area.

The method of clause 8, wherein:

the sequence of search beam patterns includes a plorality of subsequences of
search beam patterns exploring a respective plurality of search areas
that successively decrease with each subsequence, the search beam
patterns having directivities that successively increase with each

subsequence.

The method of clause 22, wherein:
the receiving includes:
for each subsequence, receiving one or more signals from the adjacent
node during the subsequence; and
the using includes:
for each subsequence except the last subsequence, using the one or
more signals recetved during the subsequence to determine the

search area for the next subsequence; and
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for the last subsequence, using the one or more signals receiving
during the last subsequence to determine the location of the

adjacent node.

The method of clause 23, wherein the plurality of search areas is a plurahity of

nested search areas.

The method of clause 24, wherein the plurality of nested search areas includes
an initial search area and a plurality of fractional recursive subdivisions of the

initial search area.

The method of clause 25, wherein the plurality of fractional recursive

subdivisions 1s a plurality of binary recursive subdivisions.

The method of clause 7, further comprising:
receiving information about an approximate location of the adjacent node;
and wherein the sequence of search beam patterns is a sequence of search

beam patterns exploring a vicinity of the approximate location.

The method of clause 27, wherein the information about the approximate
location of the adjacent node includes mformation about geographical

coordinates of the adjacent node.

The method of clause 28, further comprising:

obtaining mformation about geographical orientation and coordinates of the
communications node; and

determining a search area based on the geographical coordinates of the
adiacent node and the geographical orientation and coordinates of the

communications node.

The method of clause 27, wherem the receiving of the information about the
approximate location is a recetving of the information from a network

operations center.
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The method of clause 27, wherein the receiving of the imformation about the
approximate location is a receiving of the information via a network that

includes the communications node and the adjacent node.
The method of clause 31, wherein the network 1s a subsidiary network.

The method of clause 32, wherein the subsidiary network is a WLAN,

WIMAX, 24, 3G, 4G/LTE, FM, or Bluetooth network.

The method of clause 1, further comprising:
transmitting data to or receiving data from the adjacent node with the high

directivity beam.

The method of clause 34, wherem the holographic beamforming antenna has a
plurality of feeds, and the transmitting or recetving inchudes:
transmitting or receiving with a plurality of communications channels

corresponding to the plurality of feeds.

The method of clause 35, further comprising:
MIMO multiplexing or demultiplexing of the plurality of communications

channels.

The method of clause 1, wherein the holographic beamforming antenna 1s one
of a plurality of holographic beamforming antennas at the communications
node, and the configuring includes:

configuring the plurality of beamforming antennas to point a respective

plurality of high directivity beams at the adjacent node.

The method of clause 37, further comprising;
transmutting data to or recetving data from the adjacent node with a plurality
of communications channels corresponding to the respective plurality

of holographic beamforming antennas.

The method of clause 38, further comprising:
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46.

MIMO multiplexing or demultiplexing of the plurality of communications

channels.

The method of clause 1, further comprising;

discovering additional adjacent nodes.

The method of clause 40, wherein the first adjacent node and the additional

adjacent nodes compose a plurality of adjacent nodes, and the method further

COMPIises:

repeatedly adjusting the holographic beamforming antenna to switch between
a plurality of high directivity beams pointed at the respective plurality

of adjacent nodes.

The method of clause 41, further comprising:
transmitting data to or receiving data from the plurality of adjacent nodes with

the respective plurality of high directivity beams.

The method of clause 42, wherein the repeatedly adjusting is a repeatediy

adjusting to switch on a per-frame basis during the transmitting or receiving.

The method of clause 42, wherein the repeatedly adjusting is a repeatediy

adjusting to switch on a per-packet basis during the transmitting or receiving.

The method of clause 40, wherem the first adjacent node and the additional
adjacent nodes compose a plurality of adjacent nodes, the holographic
beamforming antenna is one of a plurality of holographic beamforming
antennas at the communications node, and the configuring includes:
configuring the plurality of beamforming antennas to point a respective

plurality of high directivity beams at the plurality of adjacent nodes.

The method of clause 45, wherein the plurality of high directivity beams

respectively corresponds to the plurality of adjacent nodes.
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55.

The method of clause 45, wherein the plurality of beamforming antennas
exceeds the plurality of adjacent nodes, and the configuring includes pointing

multiple high directivity beams at one or more selected adjacent nodes.

A system for operating a communications node that includes a holographic

beamforming antenna, comprising:

an antenna control unit that includes circuitry for discovering an adjacent
node;

where the antenna control unit further includes circuitry for adjusting control
mputs of the holographic beamforming antenna to point a high

directivity beam at the adjacent node.

The system of clause 48, further comprising: the holographic beamforming

antenna.

The system of clause 48, wherein the communications node is one of a base
station node and a user equipment node and the first adjacent node is the other

of the base station node and the user equipment node.

The system of clause 48, wherein the commumnication node is one of a small
cell node and a macro cell node and the first adjacent node is the other of the

small cell node and the macro cell node.

The system of clause 48, wherein the communications node is a first small cell

node and the first adjacent node 1s a second small cell node.

The system of clause 48, wherein the high directivity beam is a fan beam

having a narrow azimuthal beamwidth and a wider altitudinal beamwidth.

The system of clause 48, wherein the high directivity beam is a pencil beam

having a narrow azimuthal beamwidth and a narrow altitudinal beamwidth.

The system of clause 48, wherein the antenna control unit includes circuitry
for repeatedly adjusting the control inputs for the holographic beamforming

antenna to provide a sequence of search beam patterns.
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The system of clause 55, further comprising:

a receiver connectable to a feed port of the holographic beamforming antenna
and configured to detect one or more signals from the adjacent node
during the sequence of search beam patterns;

and wherein the antenna control unit includes circuitry for using the one or

more detected signals to determine a location of the adjacent node.

The system of clause 56, further comprising the holographic beamforming
antenna, and wherein the receiver is connected to the feed port of the

holographic beamforming antenna.

The system of clause 56, further comprising:

a transmitter connectable to the feed port of the holographic antenna and
configured to send a sequence of search signals with the respective
sequence of search beam patterns;

and wherein the receiver is configured to detect the one or more signals as
reply signals from the adjacent node responsive to the sequence of

search signals.

The system of clause 58, further comprising the holographic beamforming
antenna, and wherein the transmitter and the receiver are connected to the feed

port of the holographic beamforming antenna.

The system of clause 56, wherein the receiver is configured to detect the one

or more signals as beacon signals from the adjacent node.

The system of clause 56, wherein the sequence of search beam patterns

includes a scan sequence of beam patterns.

The system of clause 61, wherein the scan sequence of beam patterns includes

an azimuthal scan sequence of beam patterns.
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The system of clause 61, wherein the scan sequence of beam patterns includes
a plurality of azimuthal scan subseguences corresponding to a reéspective

plurality of altitudes.

The system of clause 61, wherein the scan sequence of beam patiterns 1s a

raster scan sequence of beam patterns.

The system of clause 61, wherein the scan sequence of beam patterns 1s a scan
sequence of fan beams having a narrow azimuthal beamwidth and a wider

altitudinal beamwidth.

The system of clause 61, wherein the scan sequence of beam patterns is a scan
sequence of pencil beams having a narrow azimuthal beamwidth and a narrow

altitudinal beamwidth.

The system of clause 56, wherein the sequence of search beam patterns

includes a sequence of pseudorandom beam patterns.

The system of clause 67, wherein the sequence of pseudorandom beam
patterns inclodes a sequence of high directivity beam patterns having

pseudorandom beam directions.

The system of clause 68, wherein the sequence of high directivity beam
patterns having pseudorandom beam directions includes a sequence of fan
beams having narrow azimuthal beamwidths and pseudorandom azimuthal

directions.

The system of clause 68, wherein the sequence of high directivity beam
paiterns having pseudorandom beam directions includes a sequence of pencil
beams having narrow azimuthal and altitudinal beamwidths and

pseudorandom azimuthal and altitudinal directions.

The system of clause 67, wherein the sequence of pseudorandom beam
paiterns includes a sequence of low-directivity pseudorandom beam patterns

that are substantially orthogonal and substantially fill a search area.
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72. The system of clause 56, wherein:
the sequence of search beam patterns includes a plorality of subsequences of
search beam patterns exploring a respective plurality of search areas

that successively decrease with each subsequence, the search beam

(A%

patterns having directivities that successively increase with each

subsequence.

73. The system of clause 72, wherein:
the receiver 1s configured to detect, for each subsequence, one or more signals
from the adjacent node during the subsequence;

10 the antenna control unit includes circuttry for using the one or more signals
received during each subsequence except the last subsequence to
determine the search area for the next subsequence; and

the antenna control urut further mcludes circuttry for using the one or more

signals received during the last subsequence to determine the location

et
LA

of the adjacent node.

74. The system of clause 73, wherein the plurality of search areas is a pluraluty of

nested search aress.

-~}
4

The system of clause 74, wherein the plurality of nested search areas mcludes
an nitial search area and a plurality of fractional recursive subdivisions of the

20 initial search area.

76. The system of clause 75, wherein the plurality of fractional recursive

subdivisions 1s a plurality of binary recursive subdivisions.

~1
~

The system of clause 55, wherein the antenna control unit includes:

circuitry for recerving information about an approximate location of the

[\9)
LA

adjacent node; and
circuitry for repeatedly adjusting control inputs for the holographic
beamforming antenna to provide a sequence of search beam patterns

exploring a vicinity of the approximate location.
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The system of clause 77, wherein the information about the approximate
location of the adjacent node includes mformation about physical coordinates

of the adjacent node.

The system of clause 78, further comprising:
a sensor module that includes one or more of a GPS sensor, an acceleromeier,

a magnetometer, and a gyroscope.

The system of clause 79, wherein:

the sensor module is configured to provide information about physical
orientation and coordinates of the communications node; and

the antenna control unit inchides circuttry to determine a search area based on
the physical coordinates of the adjacent node and the physical

orientation and coordinates of the communications node.

The system of clause 77, further comprising:
a network module configured to receive the mformation about the
approximate location from a network that includes the

communications node and the adjacent node.

The system of clause 81, wherein the network module is configured to receive
the information about the approximate location from a network operations

center.

The system of clause 81, wherein the network module is a subsidiary network

module.

The system of clause &3, wherein the subsidiary network module is 3 WLAN,

WIMAX, 2G, 3G, 4G/LTE, FM, or Bluetooth network module.

The system of clause 48, further comprising:
a data transmitter or receiver connectable to a feed port of the holographic

beamforming antenna.
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The system of clause 85, turther comprising the holographic beamforming
anienna, and wherein the data transmitier or receiver is connected to the feed

port of the holographic beamforming antenna.

The system of clause 48, further comprising:
a plurality of data transmitters or recetvers connectable to a respective

plurality of feed ports of the holographic beamforming antenna.

The system of clause 87, further comprising:
MIMO multiplexing or demultiplexing circuitry coupled to the plurality of

data transmitters or receivers.

The system of clause &7, further comprising the holographic beamforming
antenna, and wherein the plurality of data transmitters or receivers is
connected to the respective phlurality of feed ports of the holographic

beamforming antenna.

The system of clause 48, wherein the holographic beamforming antenna 1s one
of a plurality of holographic beamforming antennas at the communications
node, and the antenna control unit is operable to adjust control inputs for the
plurality of holographic beamforming antennas to point a respective plurality

of high directivity beams at the adjacent node.

The system of clause 90, further comprising:
a plurality of data transmuitters or receivers connectable to a respective
plurality of feed ports of the respective plurality of holographic

beamforming antennas.

The system of clause 91, further comprising:
MIMO multiplexing or demultiplexing circuitry coupled to the plurality of

data transmitters or receivers.

The system of clause 91, further comprising the plurality of holographic

beamforming antennas, wherein the respective plurality of data transmitters or
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160,

receivers 1s connected to the respective plurality of feed ports of the respective

lurality of holographic beamforming antennas.
p 3 2rap g

The system of clause 48, wherein the antenna control unit includes circuitry
for discovering a plurality of adjacent nodes that includes the first adjacent

node.

The system of clause 94, wherein the antenna control unit includes circuitry
for repeatedly adjusting the control inputs of the holographic beamforming
antenna to switch between a plurality of high directivity beams pointed at the

respective plurality of adjacent nodes.

The system of clause 95, further comprising:
a data transmitter or receiver connectable to a feed port of the holographic

beamforming antenna.

The system of clause 96, further comprising:

a data modem coupled to the data transmitter or receiver.

The system of clause 97, wherein the data modem defines a data frame rate,
and the antenna control unit is operable to repeatedly adjust the control inputs

to switch at the data frame rate.

The system of clause 97, wherein the data modem defines a data packet rate,
and the antenna control unit i1s operable to repeatedly adjust the control inputs

to switch at the data packet rate.

The system of clause 94, wherein the holographic beamforming antenna is one
of a plurality of holographic beamforming antennas at the communications
node, and the antenna control unit includes circuitry for adjusting control
inputs for the plurality of holographic beamforming antennas to point a
respective plurality of high directivity beams at the plurality of adjacent

nodes.



WO 2016/205396 PCT/US2016/037667

h

10

101, The system of clause 100, wherein the plurality of high directivity beams

respectively corresponds to the plurahity of adjacent nodes.

162, The system of clause 101, wherein the plurality of beamforming antennas
exceeds the plurality of adjacent nodes, and the antenna control unit includes
circuitry for adjusting control inputs for the plurality of holographic
beamforming antennas to point multiple high directivity beams at one or more

selected adjacent nodes.

While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not
intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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CLAIMS

(A%

A method of operating a network node that includes a holographic beamforming

antenna, comprising;

configuring the holographic beamforming antenna to point a high directivity beam
at a first adjacent node;

receiving information indicating a rerouting preference; and

reconfiguring the holographic beamforming antenna to point a high directivity

beam at a second adjacent node according to the rerouting preference.

The method of claim 1, wherein the network node 1s a root node, the first adjacent

node 15 a first mesh node, and the second adjacent node 15 a second mesh node.

The method of ¢claim 1, wherein the network node 1s 2 mesh node, the first
adjacent node 1s a first adjacent mesh node, and the second adjacent node 15 a

second adjacent mesh node.

The method of claim 1, wherein the network node 13 a mesh node, the first
adjacent node 1s an adjacent root vote, and the second adjacent node 1s an adjacent

mesh node.

The method of claim 1, wherein the network node is a mesh node, the first
adjacent node 1s an adjacent mesh note, and the second adjacent node 15 an

adjacent root node.

The method of claim 1, wherein the recetving of the information indicating the
rerouting preference is a receiving of information indicating physical or
electromagnetic interference with a communications channel between the

communications node and the first adjacent node.

The method of claim 6, wherein the recetving of information indicating physical

or electromagnetic interference with the cornmunications channel is an observing

5
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16.

of a decrease in a signal-to-interference-plus noise or carrier-to-interference-plus-

noise metric for the communications channel.

The method of claim 6, wherein the receiving of information indicating physical
or electromagnetic interference with the communications channel is a receiving of

channel state mformation indicating a reduced channel quality.

The method of claim 1, wherein the receiving of information indicating the
rerouting preference is a recetving of information indicating an outage condition

at the first adjacent node.

The method of claim 1, wherein the first adjacent node 1s a mesh node having a
network path to a root node, and the receiving of information indicating the
rerouting preference is a recetving of information indicating an outage condition

for the path between the mesh node and a first root node.

The method of claim 1, wherein the receiving of information indicating the
rerouting preference is a receiving of an instruction t¢ reroute to the second

adjacent node.

The method of claim 11, wherein the receiving of the mnstruction to reroute is a

recetving of an mstruction to rersute from a network operations center.

The method of claim 11, wherein the receiving of the mnstruction to reroute is a
recetving of the information via a network that includes the network node and the

first and second adjacent nodes.
The method of claim 13, wherein the network is a subsidiary network.

The method of claim 14, wherein the subsidiary network 158 2 WLAN, WiMAX,
24, 3G, 4G/LTE, FM, or Bluetooth network.

A method of operating a first node that includes a beamforming antenna to

dynamically assist a second node, comprising:
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20.

configuring the beamforming antenna to direct a first beam at a local user located
closer to the first node than the second node;

receiving iformation indicating a bandwidth shortage at the second node; and

responsive to the receiving, reconfiguring the beamforming antenna to direct a
second beam at a distant user located closer to the second node than the

first node.

The method of claim 16, wherein the first beam has a first directivity and the

second beam has a second directivity greater than the first directivity.

The method of claim 16, wherein the first node is a first base station serving a
first cell that encloses the local user and the second node 1s a second base station

serving a second cell that encloses the distant user.
The method of claim 18, wherein the second cell 1s adjacent to the first cell.

The method of claim 18, wherein the first cell includes a first sector that encloses
the local user and the first beam has a first beamwidth less than or equal to an

angle subtended at the first node by the first sector.

The method of claim 20, wherein the second ceil inchudes a second sector that
encloses the distant user and the second beam has a second beamwidth less than

or equal to an angle subtended at the first node by the second sector.

The method of claim 16, wherein the configuring and the reconfiguring comprise
a repeated swiiching of the beamforming antenna between at least the first beam

and the second beam.

The method of claim 22, wherein the repeated switching includes:
increasing a duty cycle of the first beam responsive to an increased bandwidth
demand of the local user or a decreased bandwidth demand of the distant

USEL.

The method of claim 22, wherein the repeated switching includes:
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32.

increasing a duty cycle of the second beam responsive to an increased bandwidth
demand of the distant user or a decreased bandwidth demand of the local

USEL.

The method of claim 22, wherein the local user is one of a plurality of local users,
the first beam is one of a set of one or more first beams directed at the plurality of
tocal users, and the repeated switching includes:

repeatedly switching the beamforming antenna between at least the set of one or

more first beams and the second beam.

The method of claim 25, wherein the set of one or more first beams 1s a plurality

of first beams respectively corresponding to the plurality of local users.

The method of claim 22, wherein the distant user is one of a plurality of distant
users, the second beam is one of a set of one or more second beams directed at the
phurality of distant users, and the repeated switching includes:

repeatedly switching the beamforming antenna between at least the first beam and

the set of one or more second beams.

The method of ¢claim 27, wherein the set of one or more second beams is a
phurality of second beams respectively corresponding to the plurality of distant

UsCrs.

The method of claim 16, wherein the recetving of the information indicating the
bandwidth shortage is a recetving of the information from a network operations

center.

The method of claim 16, wherein the recetving of the information indicating the
bandwidth shortage is a receiving of the information via a network that includes

the first node and the second node.

The method of claim 30, wherein the network is a subsidiary network.

The method of claim 31, wherein the subsidiary network 1s a WLAN, WiMAX,
2(3, 3G, 4G/LTE, FM, or Bluetooth network.
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A system for operating a network node that includes a holographic beamforming

antenna, cOmMprising;

an antenna control unit that includes circuitry for adjusting control inputs of the
holographic beamforming antenna to point a high directivity beam at a
first adjacent node;

where the antenna control unit further includes circuitry for recetving information
mdicating a rerouting preference and readjusting the control inputs of the
holographic beamforming antenna to point a high directivity beam at a

second adjacent node according to the rerouting preference.

The system of claim 33, further comprising: the holographic beamforming

antenna.

The system of claim 33, wherein the network node is a root node, the first
adiacent node is a first mesh node, and the second adjacent node is a second mesh

node.

The system of claim 33, wherein the network node is a mesh node, the first
adjacent node 1s a first adjacent mesh node, and the second adjacent node is a

second adjacent mesh node.

The system of claim 33, wherein the network node is a mesh node, the first
adiacent node is an adjacent root note, and the second adjacent node is an adjacent

mesh node.

The system of claim 33, wherein the network node is a mesh node, the first
adjacent node 1s an adjacent mesh note, and the second adjacent node 15 an

adiacent root node.

The system of claim 33, wherein the circuitry for receiving the information
indicating the rerouting preference includes circutry for receiving mformation
indicating physical or electromagnetic interference with a communications

channel between the communications node and the first adjacent node.



WO 2016/205396 PCT/US2016/037667

40.

41.

44,

45.

46.

The system of claim 39, further comprising:
a transmitter or receiver connectable to a feed port of the holographic
beamforming antenna; and

a modem coupled to the transmitter or receiver.

The system of claim 40, wherein the circuitry for recetving information indicating
physical or electromagnetic interference with the communications channel
includes circuitry for receiving a signal-to-interference-plus-noise or carrier-to-

interference-plus-noise metric from the modem.

The system of claim 40, wherein the circuitry for recetving information indicating
physical or electromagnetic interference with the communications channel
includes circuitry for receiving channel state information from the modem

indicating a reduced channel quality.

The system of claim 33, wherein the circuitry for recetving the information
indicating the rerouting preference includes circuitry for receiving information

indicating an outage condition at the first adjacent node.

The system of claim 33, wherein the first adjacent node is a mesh node having a
network path to a root node, and the circuitry for recerving information indicating
the rerouting preference includes circuitry for recetving information mdicating an

outage condition for the path between the mesh node and a first root node.

The system of claim 33, wherein the circuitry for receiving information indicating
the rerouting preference includes circuitry for receiving an instruction to reroute

to the second adjacent node.

The system of claim 45, further comprising:
a network module configured to receive the instruction to reroute from a network

that includes the network node and the first and second adjacent nodes.

The system of claim 46, wherein the network module 1s configured to receive the

instruction to route from a network operations center.

- 44 -



WO 2016/205396 PCT/US2016/037667

48.

49,

51

52.

h
(43

55.

The system of claim 46, wherein the network module 15 a subsidiary network

module.

The system of claim 48, wherein the subsidiary network module 1s a WLAN,

WIMAX 2G, 3G, 4G/LTE, FM, or Bluetooth network module.

A system for operating a first node that includes a beamforming antenna to

dynamically assist a second node, comprising:

an antenna control unit that includes circuitry for adjusting control inputs of the
beamforming antenna to direct a first beam at a local user located closer to
the first node than the second node;

where the antenna control unit further includes circuitry for receiving information
indicating a bandwidth shortage at the second node and readjusting the
control inputs the beamforming antenna to direct a second beam ata

distant user located closer to the second node than the first node.

The system of claim 50, wherein the beamforming antenna is a holographic

beamforming antenna.
The system of claim 50, further comprising. the beamforming antenna.

The system of claim 50, wherein the first beam has a first directivity and the

second beam has a second directivity greater than the first directivity.

The system of claim 50, wherein the first node 1s a first base station serving a first
cell that encloses the local user and the second node 1s a second base station

serving a second cell that encloses the distant user.
The system of claim 54, whergin the second cell 1s adjacent to the first cell.

The system of claim 54, wherein the first cell includes a first sector that encloses
the local user and the first beam has a first beamwidth less than or equal to an

angle subtended at the first node by the first sector.
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The system of claim 56, wherein the second cell includes a second sector that
encloses the distant user and the second beam has a second beamwidth less than

or equal to an angle subtended at the first node by the second sector.

The system of claim 30, wherein the circuitry for adjusting and readjusting
includes circuitry for repeatedly adjusting the control inputs of the beamforming
antenna to switch the beamforming antenna between at least the first beam and

the second beam.

The system of claim 38, wherein the circuitry for repeatedly adjusting the control
inputs includes circuitry for increasing a duty cycle of the first beam responsive to
an increased bandwidth demand of the local user or a decreased bandwidth

demand of the distant user.

The system of claim 38, wherein the circuitry for repeatedly adjusting the control
inputs includes circuitry for increasing a duty cycle of the second beam
responsive to an increased bandwidth demand of the distant user or a decreased

bandwidth demand of the local user.

The system of claim 38, wherein the local user 1s one of a plurality of local users,
the first beam is one of a set of one or more first beams directed at the plurality of
local users, and the circuitry for repeatedly adjusting the control inputs includes:
circuttry for repeatedly adjusting the control inputs of the beamforming antenna to
switch between at least the set of one or more first beams and the second

bean.

The system of claim 61, wherein the set of one or more first beams is a plurality

of first beams respectively corresponding to the plurality of local users.

The system of claim S8, wherein the distant user is one of a plurality of distant
users, the second beam is one of a set of one or more second beams directed at the
plurality of distant users, and the circuitry for repeatedly adjusting the control

inputs includes:
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circuitry for repeatedly adjusting the beamforming antenna to switch between at

least the first beam and the set of one or more second beams.

The system of claim 63, wherein the set of one or more second beams is a
phurality of second beams respectively corresponding to the plurality of distant

users.

The system of claim 50, further comprising:
a network module configured to receive the information indicating the bandwidth

shortage from a network that includes the first node and the second node.

The system of claim 65, wherein the network module 15 configured to recetve the

information indicating the bandwidth shortage from a network operations center.

The system of claim 65, wherein the network module 15 a subsidiary network

module.

The system of claim 67, wherein the subsidiary network module 1s a WLAN,

WIMAX, 24, 3G, 4G/ TE, FM, or Blustooth network module.

5

Y

~J
l



WO 2016/205396 PCT/US2016/037667

1/6

FIG. 1A

106
N
émi =
FIG. 1B 101
E
160
AN
N W \\\\\\\\\\\\\
100




WO 2016/205396 PCT/US2016/037667

2/6

FIG. 1C 120

128

| \\\\\\\\\

N T 1 2 5




000000000000

FIG. 2A

\\\\\\ | ‘ 200

¥ o0

FIG. 2B




000000000000

4/6

FIG. 2C




WO 2016/205396 PCT/US2016/037667

5/6
FIG. 3

AR R




WO 2016/205396

420

420

420

400
Y

410

6/6

FIG. 4

ANTENNA

450
E

PCT/US2016/037667

460
|

NETWORK
MODULE

SENSOR
MODULE

CONTROL

UNIT

ANTENNA

~ 430

~— 470

RXITX

ANTENNA

— 430

RXITX

XX ]

ANTENNA

— 430

RX/TX

MIMO
MUX/

MODEM

DEXMX

440




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/037667

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 16/28(2009.01)1, HO4W 24/10(2009.01)I, HO4B 7/06(2006.01)1, HO4B 7/04(2006.01)1

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 16/28; HO1Q 3/08; HO1Q 1/00; HO1Q 3/00; HO1Q 13/00; HO4W 48/20; HO1Q 3/26; HO4W 24/10; HO4B 7/06; H04B 7/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: holographic beamforming, adjacent node, rerouting
preference, high directivity beam, bandwidth shortage

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2014-009250 A1 (NOKIA SIEMENS NETWORKS OY) 16 January 2014 1-68
See page 8, line 16 - page 10, line 19; claims 1, 6; and figure 1.

A US 2012-0194399 A1 (ADAM BILY et al.) 02 August 2012 1-68
See paragraph [0051]; claim 41; and figure 15.

A US 2014-0347223 A1 (ELWHA LLC, A LIMITED LIABILITY CORPORATION OF THE STATE 1-68
OF DELAWARE) 27 November 2014
See paragraphs [0034]-[0036]; claim 1; and figure 5.

A US 2014-0266896 A1 (SMARTSKY NETWORKS LLC.) 18 September 2014 1-68
See paragraphs [0020]-[0022]; claim 1; and figure 1.

A US 2013-0321204 A1 (DOV ZAHAVI et al.) 05 December 2013 1-68
See paragraphs [0046]-[0048]; claim 15; and figure 4.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
07 September 2016 (07.09.2016) 07 September 2016 (07.09.2016)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

¢ Korean Intellectual Property Office YANG, Jeong Rok
Y 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-481-8578 Telephone No. +82-42-481-5709

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2016/037667

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2014-009250 Al 16/01/2014 CN 104604300 A 06/05/2015
EP 2870802 Al 13/05/2015
US 2015-0201368 Al 16/07/2015

US 2012-0194399 Al 02/08/2012 AU 2011-314378 Al 02/05/2013
CA 2814635 Al 19/04/2012
CL 2013000909 Al 23/08/2013
CN 103222109 A 24/07/2013
EP 2636094 Al 11/09/2013
EP 2636094 A4 18/06/2014
IL 225710 DO 27/06/2013
JP 2013-539949 A 28/10/2013
KR 10-2013-0141527 A 26/12/2013
MX 2013004139 A 23/06/2014
RU 2013119332 A 20/11/2014
RU 2590937 C2 10/07/2016
SG 189891 Al 28/06/2013
US 2015-0229028 Al 13/08/2015
WO 2012-050614 Al 19/04/2012
ZA 201303460 B 30/07/2014

US 2014-0347223 Al 27/11/2014 None

US 2014-0266896 Al 18/09/2014 EP 2974075 A2 20/01/2016
WO 2014-149405 A2 25/09/2014
WO 2014-149405 A3 26/02/2015

US 2013-0321204 Al 05/12/2013 EP 2678901 Al 01/01/2014
IL 211386 A 30/06/2011
IL 211386 B 31/05/2016
IL 211386 DO 30/06/2011
WO 2012-114296 Al 30/08/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - wo-search-report
	Page 57 - wo-search-report

