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(57) ABSTRACT

Apparatuses, methods, and systems for dynamic bandwidth
allocation are disclosed. One method includes identifying,
by a first distribution node of a wireless mesh network, a
communication link with a second distribution node of the
wireless mesh network, generating, by the first distribution
node, a proposed bandwidth allocation schedule for wireless
communication of information between the first distribution
node and the second distribution node based on data traffic
requirements of the first distribution node, wherein the
second distribution node receives the proposed bandwidth
allocation schedule, and wherein the second distribution
node adjusts the proposed bandwidth allocation schedule
based upon data traffic requirements of the second distribu-
tion node. The method further includes receiving, by the first
distribution node, the adjusted proposed bandwidth alloca-
tion schedule from the second distribution node, and com-
municating, by the first distribution node, information with
the second distribution node according to the adjusted
proposed bandwidth allocation schedule.
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DYNAMIC BANDWIDTH ALLOCATION FOR
WIRELESS MESH NETWORKS

RELATED APPLICATIONS

[0001] This patent application claims priority to U.S.
Provisional Patent Application Ser. No. 62/619,744 filed
Jan. 20, 2018, which is herein incorporated by reference.

FIELD OF THE DESCRIBED EMBODIMENTS

[0002] The described embodiments relate generally to
wireless communications. More particularly, the described
embodiments relate to systems, methods and apparatuses for
dynamic bandwidth allocation for wireless mesh networks.

BACKGROUND

[0003] Multi-hop wireless networks include multiple
nodes wherein wireless links are formed between the nodes.
Efficient usage of the bandwidth of wireless links between
the nodes is needed for high performance of multi-hop
wireless networks.

[0004] It is desirable to have methods apparatuses, and
systems for dynamic bandwidth allocation for wireless mesh
networks.

SUMMARY

[0005] An embodiment includes a method of dynamic
bandwidth allocation. The method includes identifying, by a
first distribution node of a wireless mesh network, a com-
munication link with a second distribution node of the
wireless mesh network, generating, by the first distribution
node, a proposed bandwidth allocation schedule for wireless
communication of information between the first distribution
node and the second distribution node based on data traffic
requirements of the first distribution node, wherein the
second distribution node receives the proposed bandwidth
allocation schedule, and wherein the second distribution
node adjusts the proposed bandwidth allocation schedule
based upon data traffic requirements of the second distribu-
tion node. The method further includes receiving, by the first
distribution node, the adjusted proposed bandwidth alloca-
tion schedule from the second distribution node, and com-
municating, by the first distribution node, information with
the second distribution node according to the adjusted
proposed bandwidth allocation schedule.

[0006] Another embodiment includes a wireless network.
The wireless network includes a first distribution node and
a second distribution node. The first distribution node oper-
ates to identify a communication link with the second
distribution node, and generate a proposed bandwidth allo-
cation schedule for wireless communication of information
between the first distribution node and the second distribu-
tion node based on data traffic requirements of the first
distribution node. The second distribution node operates to
receive the proposed bandwidth allocation schedule, and
adjust the proposed bandwidth allocation schedule based
upon data traffic requirements of the second distribution
node. The first distribution node further operates to receive
the adjusted proposed bandwidth allocation schedule from
the second distribution node, and communicate information
with the second distribution node according to the adjusted
proposed bandwidth allocation schedule.

[0007] Another embodiment includes a first distribution
node. The first distribution node operates to identify a
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communication link with a second distribution node of a
wireless mesh network, and generate a proposed bandwidth
allocation schedule for wireless communication of informa-
tion between the first distribution node and the second
distribution node based on data traffic requirements of the
first distribution node, wherein the second distribution node
receives the proposed bandwidth allocation schedule, and
wherein the second distribution node adjusts the proposed
bandwidth allocation schedule based upon data traffic
requirements of the second distribution node. The first
distribution node further operates to receive the adjusted
proposed bandwidth allocation schedule from the second
distribution node, and communicate information with the
second distribution node according to the adjusted proposed
bandwidth allocation schedule.

[0008] Other aspects and advantages of the described
embodiments will become apparent from the following
detailed description, taken in conjunction with the accom-
panying drawings, illustrating by way of example the prin-
ciples of the described embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows nodes of a wireless mesh network,
according to an embodiment.

[0010] FIG. 2 shows distribution nodes and client nodes of
a wireless mesh network, according to an embodiment.
[0011] FIG. 3 shows a Y-street configuration of distribu-
tion nodes, according to an embodiment.

[0012] FIG. 4 shows a Z-street configuration of distribu-
tion nodes, according to an embodiment.

[0013] FIG. 5 shows a sequence of bandwidth allocation
scheduling actions occurring at a distribution node, accord-
ing to an embodiment.

[0014] FIG. 6 shows a proposed bandwidth allocation
schedule, an adjusted proposed bandwidth allocation sched-
ule, and a final bandwidth allocation schedule, according to
an embodiment.

[0015] FIG. 7 shows adjusted proposed bandwidth allo-
cation schedules of a second distribution node and a third
distribution node in response to a propose bandwidth allo-
cation of a first distribution node, and a final bandwidth
allocation schedule, according to an embodiment.

[0016] FIG. 8 shows a series of adjusted proposed band-
width allocation schedules of a second distribution node and
a third distribution node, wherein the allocations are distrib-
uted according to different percentages, according to an
embodiment.

[0017] FIG. 9 is a flow chart that includes steps of a
method of dynamic bandwidth allocation for a wireless
mesh network, according to an embodiment.

DETAILED DESCRIPTION

[0018] The embodiments described include methods,
apparatuses, and systems for dynamic bandwidth allocation
of wireless mesh networks. At least some embodiments
include distribution nodes of a wireless mesh network
determining bandwidth allocation scheduling of communi-
cation between the distribution nodes using negotiated mes-
sages that are communicated between the distribution nodes.
[0019] FIG. 1 shows nodes of a wireless mesh network,
according to an embodiment. As shown, the wireless mesh
network includes distribution nodes 110, 120, 130, 140, 150,
160 and client nodes 111, 112, 123, 124, 145, 146. Distri-
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bution nodes may or may not include client nodes. Further,
the distribution nodes 110, 120, 130, 140, 150, 160 operate
to distribute wireless information to other distribution nodes
and/or to client nodes. The client nodes 111, 112, 123, 124,
145, 146 are endpoint edge devices that generally originate
or consume information. At least some of the described
embodiments provide coordination and control of the trans-
mission and reception of the information communicated
between the nodes of the wireless mesh network.

[0020] FIG. 2 shows distribution nodes 210, 220 and client
nodes 211, 212, 223, 224 of a wireless mesh network,
according to an embodiment. For an embodiment, a first
distribution node 210 operates to identify a communication
link with a second distribution node 220 of the wireless
mesh network. For an embodiment, identification of the
communication link is provided to the first distribution node.
For an embodiment, an upstream controller provides the
identification of the communication link to the first distri-
bution node. For an embodiment, first distribution node is
further provided with the type of node (distribution node or
client node) at the other end of the communication link. For
an embodiment, the first distribution node operates to self-
determine the identification of the communication link to the
second distribution node.

[0021] For an embodiment, the first distribution node 210
further operates to generate a proposed bandwidth allocation
schedule for wireless communication of information
between the first distribution node and the second distribu-
tion node based on data traffic requirements of the first
distribution node from its connected distribution nodes and
client nodes. For an embodiment, the proposed bandwidth
allocation schedule includes time allocations. For an
embodiment, the proposed bandwidth allocation schedule
includes frequency allocations. For an embodiment, the
proposed bandwidth allocation schedule includes time and
frequency allocations.

[0022] For at least some embodiments, the data traffic
requirements of the first distribution node 210 are dependent
on the demands of the nodes that are linked to the first
distribution node 210. That is, as shown, the second distri-
bution node 220 and client nodes 211, 212 all have data
traffic demands to be satisfied by the first distribution node
210. For an embodiment, the proposed bandwidth allocation
schedule reflects the data traffic demands of each of the
linked nodes.

[0023] For at least some embodiments, the data traffic
demand of each of the linked nodes is based at least in part
on bandwidth requirements of the linked node. For an
embodiment, each linked node, whether the linked node is a
distribution node or a client node, reports the bandwidth
requirements to the corresponding distribution node. For an
embodiment, the bandwidth requirements includes a number
of bytes pending for transmission to the corresponding
linked node, and/or an arrival rate in terms of incoming
bytes or packets per second, and/or a link rate (for example,
MCS (modulation and coding scheme). For an embodiment,
the first distribution node determines the a number of bytes
pending for transmission to the corresponding linked node,
and/or an arrival rate in terms of incoming bytes or packets
per second as the bytes or packets are received at the first
distribution node for transmission to the connecting nodes.
[0024] For at least some embodiments, the first distribu-
tion node communicates to the second distribution node its
own bandwidth requirement (as previously defined) for the
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second distribution node, which the second distribution node
uses for adjusting the proposed bandwidth allocation sched-
ule. Further, the first distribution node determines the band-
width requirements for outgoing traffic to all of the nodes
linked to the first distribution node.

[0025] For at least some embodiments, the second distri-
bution node 220 receives the proposed bandwidth allocation
schedule from the first distribution node 210. Further, for at
least some embodiments, the second distribution node 220
adjusts the proposed bandwidth allocation schedule based
upon data traffic requirements of the second distribution
node 220. As shown, the second distribution node 220
includes connections to the first distribution node 210 and
client nodes 223, 224. Accordingly, at least some embodi-
ments of the scheduling are based on data traffic demands of
the e linked nodes 223, 224. For at least some embodiments,
the data traffic demands of these linked nodes is based at
least in part on queue sizes and traffic rates requested by the
linked nodes.

[0026] As previously stated, the data traffic demand of
each of the linked nodes is based at least in part on
bandwidth requirements of the linked node. For an embodi-
ment, each linked node, whether the linked node is a
distribution node or a client node, reports the bandwidth
requirements to the corresponding distribution node. For an
embodiment, the bandwidth requirements includes a number
of bytes pending for transmission to the corresponding
linked node, and/or an arrival rate in terms of incoming
bytes or packets per second, and/or the link rate (for
example, MCS). For an embodiment, the second distribution
node determines the number of bytes pending for transmis-
sion to the corresponding linked node, and/or an arrival rate
in terms of incoming bytes or packets per second, and/or the
link rate (for example, MCS) as the bytes or packets are
received at the second distribution node for transmission to
the connecting nodes.

[0027] For at least some embodiments, the second distri-
bution node 220 communicates the adjusted proposed band-
width allocation schedule to the first distribution node 210.
The adjusted proposed bandwidth allocation schedule is then
used for communicating information between the first dis-
tribution node and the second distribution node.

[0028] For at least some embodiments, each of the distri-
bution nodes performs the above-described operations of the
first distribution node. That is, each of the distribution nodes
generates a proposed bandwidth allocation schedule which
is communicated to all corresponding distribution node(s).
Each distribution node then receives back an adjusted pro-
posed bandwidth allocation schedule from all corresponding
distribution node(s) which is used as the schedule for
communicating between the distribution node and the other
distribution node(s). Accordingly, each of the distribution
nodes is also receiving a proposed bandwidth allocation
schedule which the distribution node adjusts and commu-
nicates back. For an embodiment, the proposed bandwidth
allocation schedule generated by the first distribution node is
for transmit traffic (at the first distribution node), and the
proposed bandwidth allocation schedule adjusted by the
second distribution node is for receive traffic (at the second
distribution node).

[0029] For at least some embodiments, the proposed band-
width allocation schedule and the adjusted proposed band-
width allocation schedule are communicated between the
first distribution node and the second distribution node
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through a negotiated message. For an embodiment, the
negotiated message is included within keep alive messages
that are communicated between the distribution nodes. For
an embodiment, a default bandwidth allocation schedule is
used if the negotiated message exchange fails.

[0030] For at least some embodiments, after the proposed
bandwidth allocation schedule and the adjusted proposed
bandwidth allocation schedule have been communicated
between the first distribution node 210 and the second
distribution node 220, the first distribution node 210 then
allocates at least a portion of available bandwidth allocations
of the adjusted proposed bandwidth allocation schedule to
client nodes of the first distribution node based on data traffic
requirements of the client nodes. That is, the proposed
bandwidth allocation schedule and the adjusted proposed
bandwidth allocation schedule may not allocate all of the
available bandwidth allocation. For an embodiment, at least
a portion of remaining available bandwidth that has not been
allocated is allocated to the client nodes linked to the first
distribution node.

[0031] For an embodiment, the data traffic requirement of
each client node is based at least in part on bandwidth
requirements of the client node. For an embodiment, the
bandwidth requirements include a number of bytes pending
for transmission to the corresponding linked distribution
node, and/or an arrival rate in terms of incoming bytes or
packets per second, and/or the link rate. For an embodiment,
the client node determines the link rate, and/or the number
of bytes pending for transmission to the corresponding
linked distribution node, and/or an arrival rate in terms of
incoming bytes or packets per second as the bytes or packets
are received at the client node for transmission to the
connecting nodes.

[0032] For at least some embodiment, the bandwidth
allocations are time allocations. For at least some embodi-
ments, the proposed bandwidth allocation schedule includes
a proposed bitmap of suggested bandwidth allocations (time
allocations). The second distribution node then adjusts the
bitmap, strictly as a subset of proposed bitmap, based on the
data traffic demands of the second distribution node. That is,
for at least some embodiments, the proposed bandwidth
allocation includes the proposed bitmap, and the adjusted
proposed bandwidth allocation includes the adjusted pro-
posed bit map.

[0033] For at least some embodiments, the proposed band-
width allocation schedule includes a percentage of an entire
bit map, but does not include suggested bandwidth alloca-
tions of the bit map. That is, rather that specifying specific
allocations of the available band allocations of the schedule,
a percentage of the bandwidth allocations is specified. The
second distribution node then adjusts the percentage to be
equal or lower based on the data traffic demands of the
second distribution node. For an embodiment, the proposed
bandwidth allocation schedule includes a percentage of an
entire bit map when the number of distribution nodes linked
to the first distribution node is not greater than two.

[0034] For at least some embodiments, the proposed band-
width allocation schedule distributes the bandwidth alloca-
tions across the bit map. Distributing the bandwidth alloca-
tions across the bitmap can improve latency. That is, for
example, evenly distributing the bandwidth allocations
across the bitmap can provide better latency and jitter
performance of communication between the first distribu-
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tion node and the second distribution node compared to
distributing the bandwidth allocations in only one portion of
the bitmap.

[0035] For at least some embodiments, the proposed band-
width allocation schedule includes control slots, wherein
communication of information cannot be scheduled during
the control slots. For an embodiment, the information within
the control slots includes wireless network control informa-
tion.

[0036] For an embodiment, the locations of the control
slots remain the same during or over an association time
between peer distribution nodes, such as, the first distribu-
tion node and the second distribution node. However, for an
embodiment, the locations of the control slots within the
bandwidth allocation schedule can change over different
associations.

[0037] For at least some embodiments, placement of the
control slots for each link of the distribution node of the
wireless mesh network is different than other links of the
distribution node. That is, the control slot of each link of the
distribution node is exclusive. For an embodiment in the Z
street case, an upstream controller selects/allocates the
placements of the control slots to prevent conflicts between
different links of the same distribution node.

[0038] FIG. 2 further shows a first sector 214 of the first
distribution node 210 and a second sector 216 of the first
distribution node 210. For at least some embodiments, each
sector 214, 216 includes a radio. As described, a commu-
nication link is identified with the second distribution node
220 of the wireless mesh network. For an embodiment, this
communication link is through the first sector 214 of the first
distribution node 210. For an embodiment, a communication
(second or different) link is identified with another distribu-
tion node 280 of the wireless mesh network. For an embodi-
ment, this communication link is through the second sector
216 of the first distribution node 210. Further, the described
embodiments for generating and exchanging the proposed
bandwidth allocation schedule and adjusted proposed band-
width allocation schedule between the first distribution node
210 and the second distribution node 220 can additionally be
performed between the first distribution node 210 and the
other distribution node 280. That is, a first proposed band-
width allocation schedule and a first adjusted proposed
bandwidth allocation schedule are generated and exchanged
between the first sector 214 of the first distribution node 210
and the second distribution node 220, and a second proposed
bandwidth allocation schedule and a second adjusted pro-
posed bandwidth allocation schedule are generated and
exchanged between the second sector 216 of the first dis-
tribution node 210 and the other distribution node 280.
Clearly, each distribution node can include any number of
sectors, and generates and receives the corresponding num-
ber of proposed bandwidth allocation schedules and adjusted
proposed bandwidth allocation schedules. For at least some
embodiments, the scheduling of each of the sectors 214, 216
is independent of the scheduling of the other sector 214, 216.
[0039] FIG. 2 also shows a central or upstream controller
290. The controller 290 operates to provide at least some
control information to the distribution node 210.

[0040] FIG. 3 shows a Y-street configuration of distribu-
tion nodes, according to an embodiment. As shown, the first
distribution node 310 is linked to the second distribution
node 320, and to a third distribution node 330. For at least
some embodiments, the first distribution node 310 commu-
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nicates proposed bandwidth allocation schedules to both the
second distribution node 320 and the third distribution node
330. The first distribution node then receives back from both
the second distribution node 320 and the third distribution
node 330 adjusted proposed bandwidth allocation schedules.

[0041] Specifically, for an embodiment, the first distribu-
tion node 310 operates to generate a proposed bandwidth
allocation schedule for the second distribution node 320
based on data traffic requirements of the first distribution
node 310, and receives back an adjusted bandwidth alloca-
tion schedule from the second distribution node 320. Fur-
ther, the first distribution node 310 of a wireless mesh
network identifies a communication link with the third
distribution node 330 of the wireless mesh network. The first
distribution node 310 further operates to generate a proposed
bandwidth allocation schedule for wireless communication
of information between the first distribution node 310 and
the third distribution node 330 based on data traffic require-
ments of the first distribution node 310. For an embodiment,
the data traffic requirements of the first distribution node 310
is determined based on traffic requirements of nodes linked
to the first distribution node, such as, distribution nodes 320,
330 and client nodes 311, 312. For an embodiment, the data
traffic requirements of the second distribution node 320 is
determined based on traffic requirements of nodes linked to
the second distribution node 320, such as, distribution nodes
310 and client nodes 323, 324.

[0042] For at least some embodiments, the third distribu-
tion node 330 receives the proposed bandwidth allocation
schedule and adjusts the proposed bandwidth allocation
schedule based upon data traffic requirements of the third
distribution node 330. The first distribution node 310
receives the adjusted proposed bandwidth allocation sched-
ule from the third distribution node 330, and communicates
information with the second distribution node 320 and the
third distribution 330 according to the adjusted proposed
bandwidth allocation schedule of the second distribution
node 320 and the adjusted proposed bandwidth allocation
schedule of the third distribution node 330. For an embodi-
ment, the data traffic requirements of the third distribution
node 330 is determined based on data traffic requirements of
nodes linked to the third distribution node 330, such as,
distribution nodes 310 and client node 335. It is to be
understood that the second distribution node 320 and the
third distribution node 330 generate proposed bandwidth
allocation schedules as well, and the first distribution node
receives these proposed bandwidth allocation schedules,
adjusts the proposed bandwidth allocation schedules (based
on the data traffic requirements of the first distribution node
310), and communicates the adjusted schedules back to the
second distribution node 320 and the third distribution node
330.

[0043] FIG. 4 shows a Z-street configuration of distribu-
tion nodes, according to an embodiment. As shown, the first
distribution node 410 is linked to the second distribution
node 420 and the third distribution node 430. Further, the
second distribution node 420 is linked to the first distribution
node 410 and a fourth distribution node 440. This configu-
ration includes the formation of a Z by the links between the
fourth distribution node 440, the second distribution node
420, the first distribution node 410, and the third distribution
node 430. Further, the first distribution node includes client
nodes 411, 412, the second distribution node includes client
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nodes 423, 424, the third distribution node 430 includes
client node 435, and the fourth distribution node 440
includes client node 446.

[0044] Accordingly, at least some embodiments include
identifying that the first distribution node and the second
distribution node have a link between each other, the first
distribution node has another link within a third distribution
node, and the second distribution node has another link with
a fourth distribution node. That is, a Z-street configuration is
identified.

[0045] For at least some embodiments, once the Z-street
configuration has been identified, the first distribution node
410 and the second distribution node 420 are provided with
priority zones. For at least some embodiment, a priority zone
provided to the first distribution node 410 identifies portions
of the proposed bandwidth allocation schedule that can be
allocated to each of the distribution nodes the first distribu-
tion node 410 is linked to. Further, a priority zone provided
to the second distribution node 420 identifies portions of the
proposed bandwidth allocation schedule that can be allo-
cated to each of the distribution nodes the second distribu-
tion node 410 is linked to. The priority zones are provided
to prevent conflicts in the scheduling.

[0046] For at least some embodiments, the first distribu-
tion node 410 generates the proposed bandwidth allocation
schedule according to its provided priority zone. For at least
some embodiments, the second distribution 420 node gen-
erates the adjusted time slot schedule according to its
provided priority zone.

[0047] For a specific Z-street configuration, the first dis-
tribution node 410 is only linked to the second distribution
node 420 and the third distribution node 430, and the second
distribution node 420 is only linked to the first distribution
node 410 and the fourth distribution node 440, and wherein
the first distribution node 410 and the second distribution
nodes 420 are provided with binary priority zones. That is,
as previously described, the distribution nodes can be linked
to any number of other distribution nodes. However, for this
specific configuration, the first distribution node is only
linked to two other distribution nodes, and the second
distribution nodes is only linked to two other distribution
nodes. For this specific configuration, the priority zones are
binary.

[0048] That is, a first priority zone of the first distribution
node allocates bandwidth allocations within the first priority
zone that is a binary of a second priority zone of the second
distribution node that allocates bandwidth allocations within
the second priority zone. The first priority zone and the
second priority zone are selected to prevent conflicts
between the communication of the first distribution node and
the second distribution node. That is, for an embodiment, the
first priority zone and the second priority zone are mutually
exclusive, and do not overlap.

[0049] For an embodiment, an upstream controller (such
as previously described upstream or central controller 290)
operates to identify that the first distribution node and the
second distribution node have the link between each other,
the first distribution node has the other link with the third
distribution node, and the second distribution node has the
other link with the fourth distribution node. Further, for an
embodiment, the upstream controller provides all the distri-
bution nodes with priority zones.

[0050] FIG. 5 shows a sequence of bandwidth allocation
scheduling actions occurring at a distribution node (for
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example, at the first distribution node), according to an
embodiment. Each block of the sequence designates actions
of the distribution node. A first action 510 of the distribution
node includes generating and communicating the proposed
bandwidth allocation schedule to one or more peer distri-
bution nodes (such as, the second distribution node). A
second action 520 includes the distribution node responding
to a proposed bandwidth allocation schedule received from
a peer node with an adjusted proposed bandwidth allocation
schedule. A third action 530 generating and communicating
a bandwidth allocation schedule with one or more client
nodes linked to the distribution node.

[0051] The sequence of actions of the distribution node of
FIG. 5 illuminates that each of the distribution nodes of the
wireless mesh network are performing the described opera-
tions of generating proposed bandwidth allocation schedules
and adjusting received proposed bandwidth allocation
schedules.

[0052] FIG. 6 shows a proposed bandwidth allocation
schedule, an adjusted proposed bandwidth allocation sched-
ule, and a final bandwidth allocation schedule, according to
an embodiment. The bandwidth allocation schedules suggest
time slots, but as previously described, the bandwidth allo-
cations can be time and/or frequency allocations. The pro-
posed bandwidth allocation schedule 610 is generated by the
first distribution node and communicated to the second
distribution node, wherein the proposed bandwidth alloca-
tion schedule 610 is generated based on data traffic require-
ments of the first distribution node. As previously described,
the second distribution node receives the proposed band-
width allocation schedule 610, and the second distribution
node generates an adjusted proposed bandwidth allocation
schedule 612 based on the proposed bandwidth allocation
schedule 610 and based upon data traffic requirements of the
second distribution node. Further, for at least some embodi-
ments, the first distribution node receives the proposed
bandwidth allocation schedule 612 and generates a final
bandwidth allocation schedule 614 by allocating at least a
portion of available bandwidth allocations of the adjusted
proposed bandwidth allocation schedule to client nodes of
the first distribution node based on data traffic requirements
of the client nodes. The first distribution node then commu-
nicates information with the second distribution node and
the client nodes according to the final bandwidth allocation
schedule.

[0053] FIG. 7 shows adjusted proposed bandwidth allo-
cation schedules of a second distribution node and a third
distribution node in response to a propose bandwidth allo-
cation of a first distribution node, and a final bandwidth
allocation schedule, according to an embodiment. For the
adjusted proposed bandwidth allocation schedules of FIG. 7,
each of the second distribution node and the third distribu-
tion node receives a proposed bandwidth allocation sched-
ules includes a ratio or percentage rather than specific
allocations. The second and third distribution nodes then
generate the adjusted proposed bandwidth allocation sched-
ules 710, 720 based on the provided ratio or percentage, and
based upon their data traffic requirements. As shown in FIG.
7, the second distribution node was provided with a ratio or
percentage of 10/16, 5/8, or 62.5%, and the third distribution
node was provided with a ratio or percentage of 6/16, 3/8, or
37.5%.

[0054] For at least some embodiments, after receiving the
adjusted proposed bandwidth allocation schedules of a sec-
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ond distribution node and a third distribution node, the first
distribution node generates a final bandwidth allocation
schedule 730.

[0055] FIG. 8 shows a series of adjusted proposed band-
width allocation schedules of a second distribution node and
a third distribution node, wherein the allocations are distrib-
uted according to different percentages, according to an
embodiment. As previously described, distributing the allo-
cations rather than concentrating the allocations can result in
better latency and jitter performance of wireless communi-
cation through the distribution nodes.

[0056] The adjusted proposed bandwidth allocation sched-
ules 801, 802, 803, 804, 805, 806 are generated by the
second distribution node in response to proposed bandwidth
allocation schedules having increasingly greater percentages
or ratios. As shown, the allocations are distributed somewhat
evenly across available slots.

[0057] The adjusted proposed bandwidth allocation sched-
ules 811, 812, 813, 814, 815, 816 are generated by the third
distribution node in response to proposed bandwidth allo-
cation schedules having increasingly greater percentages or
ratios. As shown, the allocations are distributed somewhat
evenly across available slots.

[0058] For at least some embodiments, the first distribu-
tion node receives the adjusted proposed bandwidth alloca-
tion schedule (that is, one of the bandwidth allocation
schedules 801, 802, 803, 804, 805, 806) generated by the
second distribution node, and the first distribution node
receives the adjusted proposed bandwidth allocation sched-
ule (that is, one of the bandwidth allocation schedules 811,
812, 813, 814, 815, 816) generated by the third distribution
node. The first distribution node integrates the bandwidth
allocation generated by the second distribution node and the
bandwidth allocation generated by third distribution node.
Note that the combination of the bandwidth allocation
generated by the second distribution node and the bandwidth
allocation generated by third distribution node can only add
up to at most 100% of the bit map, not more. That is, more
slots than are allowable by the bit map cannot be allocated
to the second distribution node and the third distribution
node.

[0059] FIG. 9 is a flow chart that includes steps of a
method of dynamic bandwidth allocation for a wireless
mesh network, according to an embodiment. A first step 910
includes identifying, by a first distribution node of a wireless
mesh network, a communication link with a second distri-
bution node of the wireless mesh network. A second step 920
includes generating, by the first distribution node, a pro-
posed bandwidth allocation schedule for wireless commu-
nication of information between the first distribution node
and the second distribution node based on data traffic
requirements of the first distribution node. A third step 930
includes the second distribution node receiving the proposed
bandwidth allocation schedule, wherein the second distri-
bution node adjusts the proposed bandwidth allocation
schedule based upon data traffic requirements of the second
distribution node. A fourth step 940 includes receiving, by
the first distribution node, the adjusted proposed bandwidth
allocation schedule from the second distribution node. A
fifth step 950 includes communicating, by the first distribu-
tion node, information with the second distribution node
according to the adjusted proposed bandwidth allocation
schedule.
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[0060] For an embodiment, the proposed bandwidth allo-
cation schedule and the adjusted proposed bandwidth allo-
cation schedule are communicated between the first distri-
bution node and the second distribution node through a
negotiated message. For an embodiment, the negotiated
message is included within keep alive messages, which are
communicated between the distribution nodes.

[0061] As previously described, at least some embodi-
ments further include allocating, by the first distribution
node, at least a portion of available bandwidth allocations of
the adjusted proposed bandwidth allocation schedule to
client nodes of the first distribution node based on data traffic
requirements of the client nodes.

[0062] For at least some embodiments, the data traffic
demand of each of the linked nodes (distribution nodes
and/or client nodes) is based at least in part on bandwidth
requirements of the linked node. For an embodiment, each
linked node, whether the linked node is a distribution node
or a client node, reports the bandwidth requirements to the
corresponding distribution node. For an embodiment, the
bandwidth requirements includes a number of bytes pending
for transmission to the corresponding linked node, an arrival
rate in terms of incoming bytes or packets per second, and/or
a link rate (MCS). For an embodiment, the first distribution
node determines the a number of bytes pending for trans-
mission to the corresponding linked node, and/or an arrival
rate in terms of incoming bytes or packets per second as the
bytes or packets are received at the first distribution node for
transmission to the connecting nodes.

[0063] As previously described, at least some embodi-
ments further include identifying, by the first distribution
node of the wireless mesh network, a communication link
with a third distribution node of the wireless mesh network.
The communication links between the first distribution node
and the second distribution node, and between the first
distribution node and the third distribution node for a
Y-street configuration. At least some embodiments further
include generating, by the first distribution node, a proposed
bandwidth allocation schedule for wireless communication
of information between the first distribution node and the
third distribution node based on data traffic requirements of
the first distribution node, wherein the third distribution
node receives the proposed bandwidth allocation schedule,
and wherein the third distribution node adjusts the proposed
bandwidth allocation schedule based upon data traffic
requirements of the third distribution node, receiving, by the
first distribution node, the adjusted proposed bandwidth
allocation schedule from the third distribution node, and
communicating, by the first distribution node, information
with the second distribution node and the third distribution
according to the adjusted proposed bandwidth allocation
schedule of the second distribution node and the adjusted
proposed bandwidth allocation schedule of the third distri-
bution node.

[0064] As previously described, for at least some embodi-
ments, the proposed bandwidth allocation schedule includes
a percentage of an entire bit map, but does not include
suggested bandwidth allocations of the entire bit map.
[0065] As previously described, for at least some embodi-
ments, the proposed bandwidth allocation schedule distrib-
utes the bandwidth allocations across the proposed band-
width allocation schedule (bit map). As previously
described, and shown in FIG. 8, distributing the bandwidth
allocations across the schedule can improve latency. That is,
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for example, evenly distributing the bandwidth allocations
across the schedule can provide better latency and jitter
performance of communication between the first distribu-
tion node and the second distribution node compared to
distributing the bandwidth allocations in only one portion of
the schedule.

[0066] As previously described, for at least some embodi-
ments, the proposed bandwidth allocation schedule includes
control slots, wherein communication of information cannot
be scheduled during the control slots. The locations of the
control slots within the proposed bandwidth allocation
schedule can change over time. However, the locations of
the control slots remain the same during or over an asso-
ciation time with peer distribution nodes.

[0067] As previously described, for at least some embodi-
ments, placement of the control slots for each link of the first
distribution node to other distribution nodes and client nodes
of the wireless mesh network is different than other links of
the first distribution node to the other distribution nodes and
the client nodes. That is, the control slot of each link of the
distribution node is exclusive and does not overlap with
placement of the control slot of other link of the distribution
node.

[0068] Foran embodiment, an upstream controller selects/
allocates the placements of the control slots to prevent
conflicts between different links of the same distribution
node.

[0069] An embodiment includes identifying a Z-street
distribution node configuration. Specifically, an embodiment
includes identifying that the first distribution node and the
second distribution node have a link between each other, the
first distribution node has another link within a third distri-
bution node, and the second distribution node has another
link with a fourth distribution node. Further, at least some
embodiments include providing the first distribution node
and the second distribution node with priority zones,
wherein the first distribution node generates the proposed
bandwidth allocation schedule according to its provided
priority zone, and the second distribution node generates the
adjusted bandwidth allocation schedule according to its
provided priority zone.

[0070] For a specific Z-street configuration, the first dis-
tribution node is only linked to the second distribution node
and the third distribution node, and the second distribution
node is only linked to the first distribution node and the
fourth distribution node, and wherein the first distribution
node and the second distribution nodes are provided with
binary priority zones. For an embodiment, a first priority
zone of the first distribution node allocates bandwidth allo-
cations within the first priority zone that is a binary of a
second priority zone of the second distribution node that
allocates bandwidth allocations within the second priority
zone. That is, the control slot of each link of the distribution
node is exclusive. The first priority zone and the second
priority zone are selected to prevent conflicts between the
communication of the first distribution node and the second
distribution node.

[0071] For an embodiment, an upstream controller oper-
ates to identify that the first distribution node and the second
distribution node have the link between each other, the first
distribution node has the other link within the third distri-
bution node, and the second distribution node has the other
link with the fourth distribution node, and the upstream
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controller provides the first distribution node and the second
distribution node with priority zones.

[0072] Although specific embodiments have been
described and illustrated, the embodiments are not to be
limited to the specific forms or arrangements of parts so
described and illustrated. The described embodiments are to
only be limited by the claims.

What is claimed:

1. A method, comprising:

identifying, by a first distribution node of a wireless mesh

network, a communication link with a second distribu-
tion node of the wireless mesh network;
generating, by the first distribution node, a proposed
bandwidth allocation schedule for wireless communi-
cation of information between the first distribution
node and the second distribution node based on data
traffic requirements of the first distribution node;

wherein the second distribution node receives the pro-
posed bandwidth allocation schedule, and wherein the
second distribution node adjusts the proposed band-
width allocation schedule based upon data traffic
requirements of the second distribution node;

receiving, by the first distribution node, the adjusted
proposed bandwidth allocation schedule from the sec-
ond distribution node; and

communicating, by the first distribution node, information

with the second distribution node according to the
adjusted proposed bandwidth allocation schedule.
2. The method of claim 1, further comprising:
allocating, by the first distribution node, at least a portion
of available bandwidth allocations of the adjusted pro-
posed bandwidth allocation schedule to client nodes of
the first distribution node based on data traffic require-
ments of the client nodes.
3. The method of claim 1, further comprising:
identifying, by the first distribution node of the wireless
mesh network, a communication link with a third
distribution node of the wireless mesh network;

generating, by the first distribution node, a proposed
bandwidth allocation schedule for wireless communi-
cation of information between the first distribution
node and the third distribution node based on data
traffic requirements of the first distribution node;

wherein the third distribution node receives the proposed
bandwidth allocation schedule, and wherein the third
distribution node adjusts the proposed bandwidth allo-
cation schedule based upon data traffic requirements of
the third distribution node;

receiving, by the first distribution node, the adjusted

proposed bandwidth allocation schedule from the third
distribution node; and

communicating, by the first distribution node, information

with the second distribution node and the third distri-
bution according to the adjusted proposed bandwidth
allocation schedule of the second distribution node and
the adjusted proposed bandwidth allocation schedule of
the third distribution node.

4. The method of claim 1, wherein the proposed band-
width allocation schedule includes a percentage of a bit map,
but does not include suggested bandwidth allocations of the
bit map.

5. The method of claim 1, wherein the proposed band-
width allocation schedule distributes bandwidth allocations
across the proposed bandwidth allocation schedule.
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6. The method of claim 1, wherein the proposed band-
width allocation schedule includes control slots, wherein
communication of information cannot be scheduled during
the control slots.

7. The method of claim 6, wherein placement of the
control slots for each link of the first distribution node to
other distribution nodes and client nodes of the wireless
mesh network is different than other links of the first
distribution node to the other distribution nodes and the
client nodes.

8. The method of claim 1, further comprising:

identifying that the first distribution node and the second

distribution node have a link between each other, the
first distribution node has another link within a third
distribution node, and the second distribution node has
another link with a fourth distribution node.

9. The method of claim 8, further comprising:

providing the first distribution node and the second dis-

tribution node with priority zones, wherein

the first distribution node generates the proposed band-

width allocation schedule according to its provided
priority zone; and

the second distribution node generates the adjusted band-

width allocation schedule according to its provided
priority zone.
10. The method of claim 9, wherein the first distribution
node is only linked to the second distribution node and the
third distribution node, and the second distribution node is
only linked to the first distribution node and the fourth
distribution node, and wherein the first distribution node and
the second distribution nodes are provided with binary
priority zones.
11. The method of claim 9, wherein an upstream control-
ler
identifies that the first distribution node and the second
distribution node have the link between each other, the
first distribution node has the other link within the third
distribution node, and the second distribution node has
the other link with the fourth distribution node; and

provides the first distribution node and the second distri-
bution node with priority zones.

12. A wireless network, comprising:

a first distribution node;

a second distribution node;

wherein the first distribution node operates to:

identify a communication link with the second distri-
bution node;

generate a proposed bandwidth allocation schedule for
wireless communication of information between the
first distribution node and the second distribution
node based on data traffic requirements of the first
distribution node;

wherein the second distribution node operates to:

receive the proposed bandwidth allocation schedule;
and

adjust the proposed bandwidth allocation schedule
based upon data traffic requirements of the second
distribution node;

wherein the first distribution node further operates to:

receive the adjusted proposed bandwidth allocation
schedule from the second distribution node; and

communicate information with the second distribution
node according to the adjusted proposed bandwidth
allocation schedule.
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13. The wireless network of claim 12, wherein the first
distribution node operates to:

allocate at least a portion of available bandwidth alloca-
tions of the adjusted proposed bandwidth allocation
schedule to client nodes of the first distribution node
based on data traffic requirements of the client nodes.

14. The wireless network of claim 12, wherein the first

distribution node operates to:

identify a communication link with a third distribution
node of the wireless mesh network;

generate a proposed bandwidth allocation schedule for
wireless communication of information between the
first distribution node and the third distribution node
based on data traffic requirements of the first distribu-
tion node;

wherein the third distribution node receives the proposed
bandwidth allocation schedule, and wherein the third
distribution node adjusts the proposed bandwidth allo-
cation schedule based upon data traffic requirements of
the third distribution node;

receive the adjusted proposed bandwidth allocation
schedule from the third distribution node; and

communicate information with the second distribution
node and the third distribution according to the adjusted
proposed bandwidth allocation schedule of the second
distribution node and the adjusted proposed bandwidth
allocation schedule of the third distribution node.

15. The wireless network of claim 12, wherein

the first distribution node and the second distribution node
are identified to have a link between each other, the first
distribution node is identified to have another link
within a third distribution node, and the second distri-
bution node is identified to have another link with a
fourth distribution node.

16. The wireless network of claim 15, wherein

the first distribution node and the second distribution node
are provided with priority zones, wherein

the first distribution node generates the proposed band-
width allocation schedule according to its provided
priority zone; and

the second distribution node generates the adjusted time
slot schedule according to its provided priority zone.
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17. The wireless network of claim 16, wherein the first
distribution node is only linked to the second distribution
node and the third distribution node, and the second distri-
bution node is only linked to the first distribution node and
the fourth distribution node, and wherein the first distribu-
tion node and the second distribution nodes are provided
with binary priority zones.
18. The wireless network of claim 15, further comprising
an upstream controller, wherein the upstream controller
operates to:
identify that the first distribution node and the second
distribution node have the link between each other, the
first distribution node has the other link within the third
distribution node, and the second distribution node has
the other link with the fourth distribution node; and

provide the first distribution node and the second distri-
bution node with priority zones.

19. The wireless network of claim 12, wherein the pro-
posed bandwidth allocation schedule includes control slots,
wherein communication of information cannot be scheduled
during the control slots, wherein placement of the control
slots for each distribution node of the wireless mesh network
is different that at least one other distribution node.

20. A first distribution node operative to:

identify a communication link with a second distribution

node of a wireless mesh network;
generate a proposed bandwidth allocation schedule for
wireless communication of information between the
first distribution node and the second distribution node
based on data traffic requirements of the first distribu-
tion node;
wherein the second distribution node receives the pro-
posed bandwidth allocation schedule, and wherein the
second distribution node adjusts the proposed band-
width allocation schedule based upon data traffic
requirements of the second distribution node;

wherein the first distribution node further operates to:

receive the adjusted proposed bandwidth allocation
schedule from the second distribution node; and

communicate information with the second distribution
node according to the adjusted proposed bandwidth
allocation schedule.
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