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[0001] METHOD AND SYSTEM FOR
CONVEYING BACKHAUL LINK INFORMATION
FOR INTELLIGENT SELECTION OF A MESH ACCESS POINT

[0002] FIELD OF INVENTION

10003] The present invention is related to a wireless communication
system. More particularly, the present invention is related to a method and
system for conveying backhaul link information for intelligent selection of a mesh

access point (MAP) in a mesh network.

(0004] BACKGROUND

- [0005] A conventional wireless network includes a set of access points
(APs), (also known as base stations), each of which is connected to a backhaul
network. In certain deployments, the cost of directly connecting a given AP to
the backhaul network is too high. Thus, indirectly connecting the AP to the
baékhaul network may be more attractive. This indirect connection is typically
accomplished by relaying information to and from neighboring APs in a mesh
network. This is referred to as a mesh architecture.
10006] A mesh network is a local area network (LAN) including a plurality
of mesh points (MPs). The connections between the MPs may be wired or
wireless. The points of interconnection between a mesh system and a non-mesh
system are referred to as portals. A mesh system with multiple portals is
referred to as a multi-portal mesh system. A node capable of both AP and MP
functionalitiés is referred to as a mesh access point (MAP). Figure 1 shows an
exemplary mesh network 100, The mesh network 100 includes a plurality of MPs
102, a plurality of MAPs 104 and a mesh portal 106. The MPs 102 serve as
forwarding and relaying nodes in the mesh network 100. The MPs 102 receive
traffic on incoming links and forward the traffic on outgoing links. The MAPs
104 are also MPs with an interface to provide radio access to a plurality of
wireless transmit/receive units (WTRUs) 108 to provide wireless services in a

certain geographic area. The mesh portal 106 provides connectivity to a

backbone network 110, (such as the Internet), in the mesh network 100. Thus,
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the mesh portal 106 acts as an MP with a special interface to the backbone
network 110. Each of the WTRUs 108 communicates with another WTRU in theé
mesh network 100, or to the backbone network 110, via the MAPs 104 and the
mesh portal 106. The MAPs 104 forward the traffic generated by the WITRUs 108
to another MAP 104 or the mesh portal 106 by relaying the traffic via
intermittent MPs 102 and/or MAPs 104.
(0007] A mesh network is reliable and offers redundancy. Even if one or
more of the MPs can no longer operate, the rest of the MPs can still communicate
with each other, directly or through one or more intermediate MPs such that the
network may function properly. Other considerations, such as ease and speed of
deployment, are advantages of the mesh network since a mesh network may be
deployed without having to provide direct backhaul links and interconnection
modules for each MP in the mesh network.
10008] In conventional non-mesh wireless communication systems, a
WTRU needs to estimate which AP will provide the best communication link to
the WTRU. WTRUs typically use the following information and methods for
determining which AP to associate with:

1) the identity of the network of which a candidate AP 1s a part of, (e.g., In
IEEE 802.11 systems, this identity corresponds to the service set identifier
(SSID) provided to the WTRUs in a beacon frame or a probe response frame);

2) the capabilities of the candidate AP including information regarding
which services the AP supports, (e.g., in IEEE 802.11 systems, this capability
information is included in a capability information field in a beacon frame or a
probe response frame); or

3) the expected achievable data throughput, (e.g., the WT'RU may estimate
the expected throughput by measuring a received power it perceives from an AP
on beacon frames, probe response frames or any other frames). The received
power, a signal-to-interference-plus-noise-ratio (SINR) or similar measurements
typically sets the maximum rate the WTRU may achieve on a given

communication link. The WTRU can also use channel occupancy or channel load
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measurements, whether measured by the WTRU or collected from the AP, to
refine the expected throughput estimate.

[0009] The above-described information and methods utilized to select an
AP that a WTRU should associate with are no longer adequate in a mesh
network. For example, in a conventional infrastructure mode WLAN, the
throughput achieved on a given WTRU-AP link depends only on the
characteristics of that particular radio link between the AP and the WTRU, (i.e.,
channel occupancy, received power, a signal-to-interference and noise ratio
(SINR), or the like). However, in a mesh network, the throughput not only
depends on the characteristics of the radio link between a given WTRU and its
serving MAP, but it also depends on the characteristics of the radio link(s)
between the serving MAP and other intermediate MPs that forward the traffic
from the serving MAP to the mesh portal. |
[0010] Figure 2 illustrates an example of an intelligent association problem
in a conventional mesh network 200. In this example, the mesh network 200
comprises three MAPs 201, 202 and 203. The MAPs 201 and 203 are mesh
portals which have connectivity to the Internet 230 via a router 220. The
interconnection resources of the MAPs 201, 203 may be Ethernet-based. In this
example, the MAP 202 and the MAP 203 are candidate MAPs for a WTRU 210.
Ifthe WTRU 210 is associated with the MAP 102, traffic to/from the Internet 230
is routed via radio links L2 and L1 via the MAP 201. If the WTRU 210 1s
associated with the MAP 203, the traffic to/from the Internet 230 is routed via
radio link L.3. An exemplary set of radio link characteristics for the radio links
L1, 1.2 and L3 is illustrated in Table 1 below.

SNR | Transmission | Single-link
link rate throughput

12 Mbps 5 Mbps

54 Mbps 20 Mbps

15 Mbps




CA 02611285 2007-12-06
WO 2006/138122 PCT/US2006/022056

Table 1

[0011] According to Table 1, if the WTRU 210 associates with the MAP 203,
the throughput would be 15 Mbps. However, if the WI'RU 210 associates with
the MAP 202, the throughput would be determined by the combination of data
throughput of two links L1, L2, which is typically estimated as follows:

1/(1/troughput_L1 + 1/throughput_L2). Equation (1)
[0012] Applying Equation (1) to radio links L1 and L2, the combined
throughput would be 1/(1/5+1/20) or 4Mbps. From this calculation 1t becomes
evident that the WTRU 210 will experience a better throughput by associating
with the MAP 203 than by associating with the MAP 202. From the perspective
of the overall mesh network 200, the preferred association of the WI'RU 210 1s to
the MAP 203. The radio connection of L1 and L2 between the WIRU 210 and the
MAP 201 offers 3.75 times (i.e.,15Mbps/4Mbps) less throughput than the multi-
hop radio connection between the WTRU 210 and the MAP 203.
[0013] According to the prior art, in the foregoing example, the radio link
L2 between the WTRU 210 and the MAP 202 seems more attractive, (in terms of
signal-to-noise ratio (SNR), estimated achievable transmission rate, estimate
single-link throughput, channel occupancy, or the like), {',han the radio link L3
between the WTRU 210 and the MAP 203. In the prior art, since the WIRU 210
has no means of knowing that associating with the MAP 203 will result in a
better throughput than associating with the MAP 202, the WTRU 210 may end
up with a less favorable MAP.
[0014] Accordingly, it is desirable to have a method and apparatus for
enabling a WTRU to intelligently associate with a MAP in a mesh network.

[0015] SUMMARY

[0016] The present invention is related tb a method and system for
conveying backhaul link information for intelligent selection of a mesh access
point (MAP) in a mesh network. The mesh network includes a plurality of MAPs.

The MAPs send backhaul link information regarding backhaul connections
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between each MAP and any interconnections in the mesh network to a WTRU.
The WTRU then determines a performance value with respect to the MAPs based
on the backhaul link information and selects one of the MAPs to associate with
based on the performance value. The WTRU may send information about
interconnection needs of the WTRU to the MAPs, and the MAPs may generate
the backhaul link information based on the interconnection needs of the WTRU.
(0017} In prior art systems, a WTRU may associate to a MAP that will
result in worse performance than other MAPs because the WTRU has no means
of knowing about the performance of the different radio links that are used to
convey 1its traffic to/from a desired mesh portal. In accordance with the present
invention, a WTRU may estimate the expected throughput for the end-to-end
connection, which allows the WTRU to associate to a MAP that provides the best
performance from the point of view of both the WTRU and the overall system.

[0017a] According to an embodiment of the present disclosure there is
provided a method for use in a wireless transmit/receive unit (WTRU) for
assoclating with a mesh access point (MAP). The method comprises receiving
backhaul link information including an estimated throughput related to the MAP
and a number of hops separating the MAP and a mesh portal, wherein the
number of hops is a number of intervening MAPs between the MAP and the mesh
portal; determining an end-to-end performance value based on the backhaul link
information received; associating with the MAP based on the end-to-end
performance value; and transmitting information about interconnection
requirements via at least one of a probe request frame, a special control frame, a

data frame, or a broadcast frame.

[0017Db] According to another embodiment there is provided a wireless
transmit/receive unit (WTRU) comprising: a receiver configured to receive
backhaul link information including an estimated throughput related to a mesh
access point (MAP) and a number of hops separating the MAP and a mesh portal,
wherein the number of hops 1s a number of intervening MAPs between the MAP
and the mesh portal; a processor configured to determine an end-to-end

performance value based on the backhaul link information received and to
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associate the WTRU with the MAP based on the end-to-end performance value;
and a transmitter configured to send information about interconnection
requirements via at least one of a probe request frame, a special control frame, a
data frame, or a broadcast frame.

[0017c] According to another embodiment there is provided a mesh access
point (MAP) comprising: a receiver configured to receive information about
interconnection requirements including an Internet Protocol (IP) address via at
least one of a probe request frame, a special control frame, a data frame, or a
broadcast frame; a processor configured to generate a backhaul link information
including a number of hops, wherein the number of hops i1s a number of
intervening MAPs between a first MAP and a mesh portal, based on the
interconnection requirement information; and a transmitter configured to
transmit the backhaul link information. The backhaul link information includes
at least one of a number of mesh portals with which MAP communicates, the
number of routes separating the MAP to a mesh portal, and mesh points (MPs)
per route separating the MAP to the mesh portal, an average transmission rate
on each link between the MAP and the mesh portal, an estimated throughput
between the MAP and the mesh portal, channel occupancy perceived on each link
between the MAP and the mesh portal, radio resources allocated on each link
between the MAP and the mesh portal, and perceive quality of each link between
the MAP and the mesh portal.

[0017d] According to another embodiment there is provided a method for use
in a wireless transmit/receive unit (WTRU) for selectively associating with a base
station associated with a mesh network. The method comprises: transmitting an
address of a node with which the WTRU desires to connect; receiving backhaul
link information including an estimated throughput related to the base station
and to the transmitted address; determining an end-to-end performance value
based on the received backhaul link information; and associating with the base
station based on the end-to-end performance value.

[0017e] According to another embodiment there is provided a method for use

in a wireless transmit/receive unit (WTRU) for selectively associating with one of
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a plurality of base stations associated with a mesh network. The method
comprises: transmitting an address of a node with which the WTRU desires to
connect; receiving, from the plurality of base stations, a respective plurality of
backhaul link information including estimated throughputs related to the
plurality base stations and to the transmitted address; determining end-to-end
performance values based on the received plurality of backhaul link information;
and associating with one of the base stations based on the end-to-end
performance values.

[00171] According to another embodiment there is provided a method for use
in a wireless transmit/receive unit (WTRU) for selectively associating with a base
station associated with a mesh network. The method comprises: transmitting an
address of a node with which the WTRU desires to connect; receiving backhaul
link information for a plurality of backhaul communication paths to the node
having the transmitted address, the backhaul information including estimated
throughputs related to the base station and the plurality of backhaul
communication paths; determining end-to-end performance values for the
plurality of backhaul communication paths based on the received backhaul link
information; selecting a backhaul communication path from the plurality of
backhaul communication paths based on the end-to-end performance values; and
requesting use of the selected backhaul communication path.

[0017g} According to another embodiment there 1s provided a wireless
transmit/receive unit (WTRU) comprising: a transmitter configured to transmit
an address of a node with which the WTRU desires to connect; a receiver
configured to receive backhaul link i1nformation including an estimated
throughput related to the base station and to the transmitted address; and a
processor configured to determine an end-to-end performance value based on the
recelved backhaul link information, and to associate the WTRU with the base
station based on the end-to-end performance value.

[0017h] According to another embodiment there 1s provided a wireless
transmit/receive unit (WTRU) comprising: a transmitter configured to transmit

an address of a node with which the WTRU desires to connect; a receiver
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configured to receive, from a plurality of base stations, a respective plurality of
backhaul link information including estimated throughputs related to the
plurality base stations and to the transmitted address; and a processor
configured to determine end-to-end performance values based on the received
plurality of backhaul link information, and to associate with one of the base
stations based on the end-to-end performance values.

[00171] According to another embodiment there 1s provided a wireless
transmit/receive unit (WTRU) comprising: a transmitter configured to transmit
an address of a node with which the WTRU desires to connect: a receiver
configured to receive backhaul link information for a plurality of backhaul
communication paths to the node having the transmitted address, the backhaul
information including estimated throughputs related to the base station and the
plurality of backhaul communication paths; and a processor configured to
determine end-to-end performance values for the plurality of backhaul
communication paths based on the received backhaul link information, to select a
backhaul communication path from the plurality of backhaul communication
paths based on the end-to-end performance values, and to request use of the
selected backhaul communication path.

[00175] According to another embodiment there 1s a base station associated
with a mesh network, the base station comprising: a receiver configured to
receive an address of a node with which a WTRU desires to connect; a
transmitter configured to send backhaul link information including an estimated
throughput related to the base station and to the transmitted address; and a
processor configured to generate the backhaul link including the information an
estimated throughput based on the transmitted address and at least one of (1) a
number of hops separating the base station and the node having the transmitted
address, (11) a number of nodes, base stations or gateways associated with the
mesh network intervening between the base station and the node having the
transmitted address; (111) a number of nodes, base stations and gateways

associated with the mesh network intervening between the base station and the

node having the transmitted address; (iv) a number of routes separating the base
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station and the node having the transmitted address; (v) an average transmission
rate of each link between the base station and the node having the transmitted
address; (v1) an estimated throughput of each link between the base station and
the node having the transmitted address; (vi1) channel occupancy perceived on
each link between the base station and the node having the transmitted address;
(viil) radio resources allocated on each link between the base station and the node
having the transmitted address; and (1x) quality experienced on each link

between the base station and the node having the transmitted address.

[0018] BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 1s an exemplary block diagram of a conventional mesh
network.

[0020] Figure 2 illustrates an example of an intelligent association problem

in a conventional mesh network.
[0021] Figure 3 is a signaling diagram between a MAP and a WTRU for

selecting a MAP in a mesh network in accordance with an embodiment of the

present invention.
[0022] Figure 4 is a signaling diagram between a MAP and a WTRU for

selecting a MAP in a mesh network in accordance with another embodiment of

the present invention.

[0023] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] When referred to hereafter, the terminology "WTRU" includes but is
not limited to a user equipment, a mobile station, a fixed or mobile subscriber
unit, a pager, or any other type of device capable of operating in a wireless

environment. When referred to hereafter, the terminology "MAP" includes but is
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not limited to a base station, a Node-B, a site controller, an access point or any
other type of interfacing device that has a mesh functionality in a wireless
environment.

[0025] The features of the present invention may be incorporated into an
integrated circuit (IC) or be configured in a circuit comprising a multitude of
interconnecting components. {. |
10026] Figure 3 is a signaling diagram between MAPs 302a-302n and a
WTRU 304 for selecting one of the MAPs 302a-302n to associate with in
accordance with an embodiment of the present invention. At least one of the
MAPs 302a-302n 1in the mesh network sends backhaul link information regarding
backhaul connections between each of the MAPs 302a-302n and any
interconnections in the mesh network to the WI'RU 304 (step 312). The backhaul
link information may be broadcast, (e.g., via a beacon frame), in a region covered
by each of the MAPs 302a-302n or may be sent via unicast, (e.g., via a probe
response frame), to a particular WI'RU. Of course, other methods known to those
skilled in the art may also be used to proﬁde backhaul liﬁk information to
WTRUS, in accordance with the present invention.

[0027] The backhaul link information that each of the MAPs 302a-302n
sends to the WTRU 304 includes, but is not limited to: 1) the number of portals
each MAP 302a-302n can communicate with; 2) the number of routes separated
from each MAP 302a-302n to a mesh portal; 3) the number of hops and/or the
number of MPs per route separated from each MAP 302a-302n to a mesh portal;
4) an average transmission rate used on each radio link, or by each of the
different MPs, involved in the forwarding of packets between each MAP 302a-
302n and a mesh portal; 5) an estimated throughput per radio link, or per MP,
involved in the forwarding of packets between each MAP 302a-302n and a mesh
portal; 6) channel occupancy perceived on each radio link, or by each MP,
involved in the forwarding of packets between each MAP 302a-302n and a mesh
portal; 7) radio resources allocated on each radio link, or by each MP, involved in

the forwarding of packets between each of the MAPs 302a-302n and a mesh
portal; 8) quality experienced on each radio link, or by each MP, involved in the
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forwarding of packets between each of the MAPs 302a-302n and a mesh portal,
(e.g., queued time, medium access delay, time jitter, time latency, a packet error
rate); and 9) any performance metric comprising a weighted sum or any other
combination of the above-mentioned metrics.

[0028] The WTRU 304 then determines an end-to-end performance value
with respect to each of the MAPs 302a-302n based on the received backhaul link
information (step 314). The backhaul link information enables the WTRU 304 to
intelligently estimate the end-to-end performance value after associating with a
particular MAP 302a-302n. For example, the WTRU 304 may estimate a data
throughput that the WTRU 304 can expect along an end-to-end radio connection
by associating with a particular MAP 302a-302n.

[0029] The WTRU 304 then selects one of the MAPs 302a-302n to associate
with based on the performance value (step 316). Unlike conventional methods of
making an assoclation decision, the decision is not solely based on the expected
performance, (e.g., expected throughput), of the direct radio link between the
WTRU 304 and a particular MAP 302a-302n, but on the end-to-end performance
value, such as end-to-end throughput.

10030} Figure 4 is a signaling diagram between at least one MAP 402a-
402n and a WTRU 404 for selecting one of the MAPs 402a-402n in accordance
with another embodiment of the present invention. In this embodiment, the
MAPs 402a-402n generate the backhaul link information based on
interconnection needs of the WI'RU 404 in terms of a particular mesh portal or a
particular MAP 402a-402n. As the interconnection needs may vary from one
WTRU 404 to another, it may be desirable for a MAP 402a-402n to know the
interconnection needs, (e.g., a desired mesh portal), of a given WTRU 404 in
order for the MAP 402a-402n to communicate backhaul link information that is
relevant to the WIT'RU 404.

[0031] The WTRU 404 sends a message for interconnection needs of the
WTRU 404 to at least one MAP 402a-402n (step 412). Information included in
the message 1ncludes, but is not limited to: 1) an IP address that the WTRU 404

desires to connect with; 2) a medium access control (MAC) address of the nodes
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that the WTRU 404 wants to connect with; 3) an address allowing a MAP 402a-
402n to identify a given mesh portal from other mesh portals; 4) a subnet address
that the WTRU 404 wants to connect with; and 5) a predetermined code or flag
which allows a MAP 402a-402n to determine the connectivity needs of the WTRU
404. The message may be sent via a probe request frame, a special control frame,
as part of the body of a data frame, a broadcast frame, or any other type of
frames.

10032] Each of the MAPs 402a-402n generates backhaul link information
based on the interconnection needs of the WI'RU 404 (step 414). For example, a
WTRU that needs to connect to the Internet may be interested in choosing a
MAP that offers the best route to a mesh portal interconnecting the mesh
network to the Internet. On the other hand, a WTRU located in a given basic
service set (BSS) that is interested in communicating with another WTRU
located in a neighboring BSS would choose a MAP offering the best route tothe a
base station, (or a MAP), serving that neighbor BSS.

[0033] Each of the MAPs 402a-402n then sends the backhaul link
information to the WTRU 404 (step 416). The backhaul link information may be
broadcast, (e.g., via a beacon frame), or may be unicast directly to the WTRU 404,
(e.g., via a probe response frame).

[0034] The WTRU 404 then determines an end-to-end performance value
with respect to each of the MAPs 402a-402n based on the received backhaul link
information (step 418). The backhaul link information enables the WI'RU 404 to
intelligently estimate an end-to-end performance value after associating with a
particular MAP 402a-402n. For example, the WTRU 404 may estimate a data
throughput the WTRU 404 can expect along an end-to-end radio connection by
associating with a particular MAP 402a-402n. The WTRU 404 then selects one
of the MAPs 402a-402n to associate with based on the performance value (step
420).

[0035] It is also possible for the MAP to communicate to the WTRU all
backhaul link information without any regard to the interconnection needs of the
WTRU.
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10036] Embodiments.

[0037] 1. A method for a WTRU to select a MAP for associating with in

a mesh network including a plurality of MAPs.

[0038] 2. The method of embodiment 1 comprising at least one MAP
sending backhaul link information to the WI'RU.

[0039] 3. The method as in any embodiments 1 and 2, further

comprising the WTRU determining a performance value with respect to the MAP

based on the backhaul link information.

[0040] 4. The method of embodiment 3, further comprising the WTRU
selecting a MAP with which to associate with based on the performance value.
[0041] 5. The method as in any embodiments 2-4, wherein the

backhaul link information includes the number of mesh portals with which the

MAP can communicate.

[0042) 6. The method as 1n any embodiments 2-5, wherein the
backhaul link information includes the number of routes separating the MAP to a
mesh portal.

[004.3] 7. The method as in any embodiments 2-6, wherein the
backhaul link information includes the number of hops and MPs per route
separating the MAP to a mesh portal.

10044] 8. The method as in any embodiments 2-7, wherein the
backhaul link information includes an average transmission rate on each link
between the MAP and a mesh portal.

[0045] 9. The method as in any embodiments 2-8, wherein the
backhaul link information includes an estimated throughput between the MAP
and a mesh portal. ’
[0046] 10. The method as in any embodiments 2-9, wherein the
backhaul link information includes channel occupancy perceived on each link
between the MAP and a mesh portal.

[0047] ‘ 11. The method as in any embodiments 2-10, wherein the
backhaul link information includes radio resources allocated on each link

between the MAP and a mesh portal.
9.
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[004.8] 12. The method as in any embodiments 2-11, wherein the
backhaul link information includes quality experienced on each link between the
MAP and a mesh portal.

10049} 13.  The method as in any embodiments 2-12, wherein the MAP
broadcasts the backhaul link information via a beacon frame.

10050] 14. The method as in any embodiments 2-12, wherein the MAP
sends the backhaul link information directly to the WTRU via a probe response
frame.

[0051] 15. The method as in any embodiments 3-14, wherein the WTRU

determines a throughput as the performance value.

|

[0052] 16. The method as in any embodiments 1-14, further comprising
the WTRU sending information about interconnection needs of the WTRU to the
MAP, whereby the MAP generates the backhaul link information based on the
interconnection needs of the WIT'RU.

[00563] 17. The method of embodiment 16 wherein the information about
interconnection needs of the WTRU includes an Internet protocol (IP) address of
a node with which the WTRU desires to connect.

10054} 18. The methdd as in any embodiments 16-17, wherein the
information about interconnection needs of the WTRU includes a MAC address of
a node with which the WTRU desires to connect.

[0055] 19. The method as in any embodiments 16-18, wherein the
information about interconnection needs of the WTRU includes an address
allowing the MAP to identify a mesh portal from other mesh portals.

[0056] 20. The method as in any embodiments 16-19, wherein the
information about interconnection needs of the WTRU includes a subnet address
with which the WTRU desires to connect.

|0057] 21. The method as in any embodiments 16-20, wherein the

information about interconnection needs of the WTRU includes a predetermined

code or flag which allows the MAP to determine the connectivity needs of the
WTRU.

-10-
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[0058] 22. The method as in any embodiments 16-21, wherein the
WTRU sends the information about interconnection needs of the WITRU via at
least one of a probe request frame, a special control frame, a data frame, and a

broadcast frame.

[0059] 23. A mesh network comprising a WIRU and a plurality of
MAPs.

[0060] 24. The mesh network of embodiment 23, wherein at least one of
the MAPs is configured to send backhaul link information to the WTRU.

10061} 25. The mesh network of embodiment 24, wherein the WTRU is

configured to determine a performance value with respect to the MAP based on
the backhaul link information.

10062] 26. The mesh network of embodiment 25, wherein the WTRU 1s
configured to select a particular MAP to associate with based on the performance

value.
10063] 27. The mesh network as in any embodiments 24-26, wherein the
backhaul link information includes the number of mesh portals with which MAP

can commaunicate.

10064} 28. The mesh network as in any embodiments 24-27, wherein the
backhaul link information includes the number of routes separating the MAP toa
mesh portal.

[0065] 29. The mesh network as in any embodiments 24-28, wherein the

backhaul link information includes the number of hops and MPs per route
separating the MAP to a mesh portal.

: 10066 30. The mesh network as in any embodiments 24-29, wherein the
backhaul link information includes an average transmission rate on each link
between the MAP and a mesh portal.

[0067] 31. The mesh network as in any embodiments 24-30, wherein the
backhaul link information includes an estimated thfoughput between the MAP

and a mesh portal.

-11-
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10068] 32. Themesh network as in any embodiments 24-31, wherein the
backhaul hnk information includes channel occupancy perceived on each link
between the MAP and a mesh portal.
[Q069] 33.  The mesh network as in any embodiments 24-32, wherein the
backhaul link information includes radio resources allocated on each link
between the MAP and a mesh portal.

[0070] 34. Themesh network as in any embodiments 24-33, wherein the
backhaul link information includes quality experienced on each link between the
MAP and a mesh portal.

10071] 35. Themesh network as in any embodiments 24-34, wherein the
MAP is configured to broadcast the backhaul link information via a beacon
frame.

[0072] 36. The mesh network as in any embodiments 24-34, wherein the

MAP is configured to send the backhaul link information directly to the WTRU
via a probe response frame.

10073] | 37. The mesh network as in any embodiments 25-36, wherein the
WTRU 1s configured to determine a throughput as the performance value. |
10074] 38. Themesh network as in any embodiments 23-37, wherein the
WTRU 1s configured to send information about interconnection needs of the
WTRU to the MAP.

[0075] 39. The mesh network of embodiment 38, wherein the MAP is
configured to generate the backhaul link information based on the
interconnection needs of the WTRU.

[0076] 40. The mesh network as in any embodiments 38-39, wherein the
information about interconnection needs of the WTRU includes at least one of an
IP address of a node with which the WTRU desires to connect.

[0077] 41. Themesh network as in any embodiments 38-40, wherein the
information about interconnection needs of the WTRU includes a MAC address of

a node with which the WTRU desires to connect.
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[0078] 42. The mesh network as in any embodiments 38-41, wherein the
information about interconnection needs of the WTRU includes an address
allowing the MAP to ,identify a mesh portal from other mesh portals.

[0079] 43. The mesh network as in any embodiments 38-42, wherein the
information about interconnection needs of the WI'RU includes a subnet address
with which the WTRU desires to connect.

[0080] 44. The mesh network as in any embodiments 38-43, wherein the
information about interconnection needs of the WTRU includes a predetermined
code or flag which allows the MAP to determine the connectivity needs of the
WTRU.

[0081] 45. The mesh network as in any embodiments 38-44, wherein the
WTRU is configured to send the information about interconnection needs of the
WTRU via at least one of a probe request frame, a special control frame, a data
frame, and a broadcast frame.

[0082] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, each feature
or element can be used alone without the other features and elements of the
preferred embodiments or in various combinations with or without other features

and elements of the present invention.

o S K
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What 1s claimed 1s:

1. A method for use 1n a wireless transmit/receive unit (WTRU) for
associlating with a mesh access point (MAP), the method comprising:

receiving backhaul link information including an estimated throughput
related to the MAP and a number of hops separating the MAP and a mesh portal,
wherein the number of hops 1s a number of intervening MAPs between the MAP
and the mesh portal;

determining an end-to-end performance value based on the backhaul link
information received;

assoclating with the MAP based on the end-to-end performance value; and

transmitting information about interconnection requirements via at least
one of a probe request frame, a special control frame, a data frame, or a broadcast

frame.

2. The method of claim 1, further comprising: determining a throughput as

the end-to-end performance value.

3. The method of claim 1 wherein the information about interconnection
requirements includes at least one of an Internet Protocol (IP) address of a node
with which the WTRU desires to connect, a medium access control (MAC) address

of a node with which the WTRU desires to connect, or a subnet address with

which the WTRU desires to connect.

4. A wireless transmit/receive unit (WTRU) comprising:

a receiver configured to receive backhaul link information including an
estimated throughput related to a mesh access point (MAP) and a number of hops
separating the MAP and a mesh portal, wherein the number of hops 1s a number
of intervening MAPs between the MAP and the mesh portal;

a processor configured to determine an end-to-end performance value
hased on the backhaul link information received and to associate the WTRU with

the MAP based on the end-to-end performance value; and

-14-
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a transmitter configured to send information about interconnection
requirements via at least one of a probe request frame, a special control frame, a

data frame, or a broadcast frame.

D. The WTRU of claim 4 wherein the processor is further configured to

determine a throughput as the end-to-end performance value.

6. The WTRU of claim 4 wherein the information about interconnection
requirements includes at least one of an Internet Protocol (IP) address of a node
" with which the WTRU desires to connect, a medium access control (MAC) address
of a node with which the WTRU desires to connect, or a subnet address with

which the WTRU desires to connect.

7. A mesh access point (MAP) comprising:

a recewver configured to receive 1nformation about interconnection
requirements including an Internet Protocol (IP) address via at least one of a
probe request frame, a special control frame, a data frame, or a broadcast frame;

a processor configured to generate a backhaul link information including a
number of hops, wherein the number of hops 1s a number of intervening MAPs
between a first MAP and a mesh portal, based on the interconnection
requirement information; and

a transmitter configured to transmit the backhaul link information,

wherein the backhaul link information included at least one of a number of
mesh portals with which MAP communicates, the number of routes separating
the MAP to a mesh portal, and mesh points (MPs) per route separating the MAP
to the mesh portal, an average transmission rate on each link between the MAP
and the mesh portal, an estimated throughput between the MAP and the mesh
portal, channel occupancy perceived on each link between the MAP and the mesh
portal, radio resources allocated on each link between the MAP and the mesh

portal, and perceive quality of each link between the MAP and the mesh portal.

8. The MAP of claim 7 wherein the transmitter 1s further configured to

broadcast the backhaul link information via a beacon frame.

15-
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9. The MAP of claim 7 wherein the transmitter is further configured to

transmit the backhaul link information via a probe response frame.

10. A method for use in a wireless transmit/receive unit (WTRU) for selectively
associating with a base station of a mesh network, the method comprising:

transmitting, from the WTRU, an address of a node with which the WTRU
desires to connect;

receiving, at the WTRU from the base station, backhaul link information
including an estimated throughput related to a communication path between the
base station and the transmitted address;

determining, based on the received backhaul link information and radio
link characteristics of a radio link between the WTRU and the base station, an
end-to-end performance value associated with the WT'RU and the communication
path; and

associating with the base station based on the end-to-end performance

value.

11. The method of claim 10, wherein the transmitted address comprises any of
an Internet Protocol (IP) address of the node with which the WTRU desires to

connect, a medium access control (MAC) address of the node with which the
WTRU desires to connect, a subnet address of the node with which the WTRU

desires to connect, and an address for 1dentifying a gateway from other gateways

associated with the mesh network.

12.  The method of claim 10, wherein the transmitted address 1s an address of

any of (1) another WTRU and (11) a node accessible via the internet.
13. The method of claim 10, wherein the base station comprises a node-B.

14. The method of claim 10, further comprising: determining as the end-to-end

performance value, a throughput associated with the WTRU and the

communication path.

16-
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15. The method of claim 10, wherein transmitting an address comprises:
transmitting the address via at least one of a probe request frame, a special

control frame, a data frame, or a broadcast trame.

16. The method of claim 10, wherein the backhaul link information further
comprises any or any combination of (1) a number of hops separating the base
station and a gateway associated with the mesh network; (11) a number of nodes
or base stations intervening between the base station and a gateway associated
with the mesh network; (111) a number of nodes and base stations intervening
between the base station and a gateway associated with the mesh network; (iv) a
number of routes separating the base station and a gateway associated with the
mesh network; (v) an average transmission rate of each link between the base
station and a gateway associated with the mesh network; (v1) an estimated
throughput of each link between the base station and a gateway associated with
the mesh network; (vil) channel occupancy perceived on each link between the
base station and a gateway associated with the mesh network; (vii1) radio
resources allocated on each link between the base station and a gateway
assoclated with the mesh network; and (ix) quality experienced on each link

between the base station and a gateway associated with the mesh network.

17. The method of claim 10, wherein the backhaul link information further
comprises any or any combination of (1) a number of hops separating the base
station and the node having the transmitted address; (11) a number of nodes, base
stations or gateways associated with the mesh network intervening between the
base station and the node having the transmitted address; (111) a number of
nodes, base stations and gateways associated with the mesh network intervening
between the base station and the node having the transmitted address; (1v) a
number of routes separating the base station and the node having the
transmitted address; (v) an average transmission rate of each link between the
base station and the node having the transmitted address; (v1) an estimated
throughput of each link between the base station and the node having the

transmitted address; (vi1) channel occupancy perceived on each link between the
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base station and the node having the transmitted address; (vii1) radio resources
allocated on each link between the base station and the node having the
transmitted address; and (1x) quality experienced on each link between the base

station and the node having the transmitted address.

18. The method of claim 10, further comprising:

determining the radio link characteristics of the radio link between the

WTRU and the base station.

19. A method for use 1n a wireless transmit/receive unit (WTRU) for selectively
assoclating with one of a plurality of base stations of a mesh network, the method
comprising:

transmitting, from the WTRU, an address of a node with which the WTRU
desires to connect:

receiving, at the WTRU from the plurality of base stations, a respective
plurality of backhaul link information including estimated throughputs related to
respective communication paths between the plurality base stations and the
transmitted address;

determining based on the received plurality of backhaul link information
and radio link characteristics of respective radio links between the WTRU and
the base stations, end-to-end performance values associated with the WTRU and
the communication paths; and

associating with one of the base stations based on the end-to-end

performance values.

20. The method of claim 19, wherein:

the plurality of base stations comprises first and second base stations,

the backhaul link information comprises first and second backhaul link
information,

the first backhaul link information 1s related to the first base station and
to the transmitted address,

the second backhaul link information is related to the second base station

and to the transmitted address,
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the first backhaul link information comprises any or any combination of a
first number of nodes, base stations and gateways associated with the mesh
network intervening between the first base station and the transmitted address,
and

the second backhaul link information comprises any or any combination of
a second number of nodes , base stations and gateways associated with the mesh
network intervening between the second base station and the transmitted

address.

21. The method of claim 19, wherein transmitting an address comprises:
transmitting the address via at least one of a probe request tframe, a special

control frame, a data frame, or a broadcast frame.

22. A method for use 1n a wireless transmit/receive unit (WTRU) for selectively

associating with a base station of a mesh network, the method comprising:

transmitting, from the WTRU, an address of a node with which the WTRU
desires to connect;

receiving, at the WTRU from the base station, backhaul link information
including estimated throughputs for the base station and for a plurality of
backhaul communication paths between the base station to the transmitted
address;

determining, based on the received backhaul link information and radio
link characteristics of a radio link between the WTRU and the base station, a
plurality of end-to-end performance values, wherein each of the plurality of end-
to-end performance values 1s associated with the WTRU and one or more of the
plurality of backhaul communication paths;

selecting a backhaul communication path from the plurality of backhaul
communication paths based on the end-to-end performance values; and

requesting use of the selected backhaul communication path.

23. A wireless transmit/receive unit (WTRU) comprising:
a transmitter configured to transmit, to a base station of a mesh network,

an address of a node with which the WTRU desires to connect;
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a recelver configured to receive, from the base station, backhaul link
information including an estimated throughput related to a communication path
between the base station and the transmitted address:

a processor configured to:

determine, based on the received backhaul link information, and
radio link characteristics of a radio link between the WTRU and the base station,
an end-to-end performance value associated with the WTRU and the
communication path; and

associate the WTRU with the base station based on the end-to-end

performance value.

24. The WTRU of claim 23, wherein the transmitted address comprises any of
an Internet Protocol (IP) address of the node with which the WTRU desires to

connect, a medium access control (MAC) address of the node with which the
WTRU desires to connect, a subnet address of the node with which the WTRU

desires to connect, and an address for identifying a gateway from other gateways

associated with the mesh network.

25.  The WTRU of claim 23, wherein the transmitted address 1s an address of

any of another WTRU and an address of a node accessible via the internet.
26. The WTRU of claim 23, wherein the base station comprises a node-B.

27. The WTRU of claim 23, wherein the processor 1s further configured to:

determine, as the end-to-end performance value, a throughput associated with

the WTRU and the communication path.

28.  The WTRU of claim 23, wherein the transmitter 1s further configured to
transmit the address via at least one of a probe request frame, a special control

frame, a data frame or a broadcast frame.

29. The WTRU of claim 23, wherein the backhaul link information further
comprises any or any combination of (1) a number of hops separating the base

station and the node having the transmitted address; (i1) a number of nodes, base
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stations or gateways associated with the mesh network intervening between the
base station and the node having the transmitted address; (111) a number of
nodes, base stations and gateways associated with the mesh network intervening
between the base station and the node having the transmitted address; (1v) a
number of routes separating the base station and the node having the
transmitted address; (v) an average transmission rate of each link between the
base station and the node having the transmitted address; (vi1) an estimated
throughput of each link between the base station and the node having the
transmitted address; (vi1) channel occupancy perceived on each link between the
base station and the node having the transmitted address; (viii) radio resources
allocated on each link between the base station and the node having the
transmitted address; and (1x) quality experienced on each link between the base

station and the node having the transmitted address.

30. The WTRU of claim 23, wherein the receiver i1s further configured to:
determine radio link characteristics of a radio link between the WTRU and the

base station.

31. A wireless transmit/receive unit (WTRU) comprising:

a transmitter configured to transmit, to a plurality of base stations of a
mesh network, an address of a node with which the WTRU desires to connect:

a receiver configured to receive, from the plurality of base stations, a
respective plurality of backhaul link information including estimated
throughputs related to respective communications paths between the plurality
base stations and the transmitted address:

a processor configured to:

determine, based on the received plurality of backhaul link

information and radio link characteristics of respective radio links between the
WTRU and the base stations, end-to-end performance values associated with the
WTRU and the communication paths; and

assoclate with one of the base stations based on the end-to-end

performance values.
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32. The WTRU of claim 31, wherein:

the plurality of base stations comprises first and second base stations,

the backhaul link information comprises first and second backhaul link
information,

the first backhaul link information 1s related to the first base station and
to the transmitted address,

the second backhaul link information 1s related to the second base station
and to the transmitted address,

the first backhaul link information comprises any or any combination of a
first number of nodes, base stations and gateways associated with the mesh
network intervening between the first base station and the transmitted address,
and

the second backhaul link information comprises any or any combination of
a second number of nodes, base stations and gateways associated with a mesh
network intervening between the second base station and the transmitted

address.

33. The WTRU of claim 31, wherein the transmitter is further configured to
transmit the address via at least one of a probe request frame, a special control

frame, a data frame, or a broadcast frame.

34. A wireless transmit/receive umit (WTRU) comprising:
a transmitter configured to transmit, to a base station of a mesh network,

an address of a node with which the WTRU desires to connect;

a receiver configured to receive, from the base station, backhaul link
information including estimated throughputs related to the base station and for
a plurality of backhaul communication paths between the base station and the
transmitted address:

a processor configured to:

determine, based on the received backhaul link information and
radio link characteristics of a radio link between the WT'RU and the base station,

a plurality of end-to-end performance values, wherein each of the plurality of
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end-to-end performance values is associated with the WTRU and one or more of
the plurality of backhaul communication paths;

select a backhaul communication path from the plurality of
backhaul communication paths based on the end-to-end performance values; and

request use of the selected backhaul communication path.

35. A base station of a mesh network, the base station comprising:

a receiver configured to receive, from a wireless transmit/receive unit
(WTRU), an address of a node with which the WTRU desires to connect;

a transmitter configured to send, to the WTRU, backhaul link information
including an estimated throughput related to a communication path between the
base station and the transmitted address; and

a processor configured to generate the backhaul link information based on
the transmitted address and at least one of (1) a number of hops separating the
base station and the transmitted address; (11) a number of nodes, base stations or
cateways, associated with the mesh network, intervening between the base
station and the transmitted address; (111) a number of nodes, base stations and
cateways, associated with the mesh network, intervening between the base
station and the transmitted address; (1v) a number of routes separating the base
station and the transmitted address; (v) an average transmission rate of each
link between the base station and the transmitted address; (v1) an estimated
throughput of each link between the base station and the transmitted address;
(vi1) channel occupancy perceived on each link between the base station and the

transmitted address; (viil) radio resources allocated on each link between the
base station and the transmitted address; and (1x) quality experienced on each

link between the base station and the transmitted address.
36. The base station of claim 35, wherein the base station comprises a node-B.

37. 'The base station of claim 35, wherein the transmitted address 1s an

address of any of another WT'RU and a node accessible via the internet.
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