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08056602, the disclosure of which is hereby incorporated by reference herein.

BACKGROUND
Field
[0003] This application relates generally to wireless communication and more

specifically, but not exclusively, to managing wireless relay nodes.

Introduction

[0004] Wireless communication systems are widely deployed to provide various
types of communication (e.g., voice, data, multimedia services, etc.) to multiple users.
As the demand for high-rate and multimedia data services rapidly grows, there lies a
challenge to implement efficient and robust communication systems with enhanced
performance.

[0005] To supplement conventional mobile phone network base stations, additional

base stations may be deployed to provide more robust wireless coverage to mobile units,
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need for effective techniques for managi ng these other types of base

stations. SUMBNRYhone network (e.g., the backhaul) in a different manner than conventional base
stations (e.g., macro base stations), there is a need for effective techniques for managing

these other types of base stations.

SUMMARY
[0006] A summary of sample aspects of the disclosure follows. It should be
understood that any reference to the term aspects herein may refer to one or more
aspects of the disclosure.
[0007]  The disclosure relates in some aspect to managing wireless relay nodes. For
example, techniques are disclosed for configuring a set of wireless relay nodes in a
manner that facilitates routing of packets within the set.
[0008] The disclosure relates in some aspect to providing a routing table for a set of
wireless relay nodes. The routing table may identify, for example, each wireless relay
node in the set and a next-hop entity for each of these wireless relay nodes. Each of the
wireless relay nodes may then define a forwarding table based on routing table. The
forwarding table, in turn, may be used by the wireless relay nodes to efficiently forward
packets between the wireless relay nodes of the set.
[0009] The disclosure relates in some aspect to providing wireless relay node
identifiers that are used to facilitate routing of packets within a set of wireless relay
nodes. A different identifier may be defined for each wireless relay node of the set. In
some aspects, these identifiers are used (e.g., by a relay management protocol) to
describe the topology of the set of wireless relay nodes. In addition, packets routed

within the set may include corresponding wireless relay node identifiers to identify a
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3 set of wireless relay nodes may be compressed to reduce the traffic overhead. Since the
conventional source and destination addresses of the packet also may be compressed in
this case, the wireless relay node identifier may be appended to the packet to provide
source and destination information for routing the packet within the set.
Advantageously, a wireless relay node identifier may be relatively small (e.g., as
compared to conventional source and destination addresses). Thus, the use of such an
identifier may not significantly increase the routing overhead in the system.,
[0011] The wireless relay node identifiers may take different forms in different
implementations. In some implementations more globally unique (e.g., as opposed to
set-unique) identifiers may be employed to identify the nodes of a cluster. For example,
Internet Protocol (“IP”) addresses assigned to the relays may be used to route packets
within set of wireless relay nodes (i.c., the wireless relay node identifiers may comprise
IP addresses). Alternatively, in some implementations the wireless relay node
identificrs are MAC addresses of the wircless relay nodes. In some implementations
Layer 2 or Layer 3 forwarding may be employed where all of the wireless relay nodes in

a set are part of the same subnet. In some implementations Layer 3 routing may be

employed where cascading subnets are defined for each wireless relay node in a set.



source node and/or a destination node for the packets within the set.
Thus, when a wireless relay node of the set receives a packet, the
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[ 00121These camehunichesn salepl e aspects of the disclosure will be
described in the detail ed description and the appended cl ai ns t hat
fol I ow, and [(PH6l he HESohdany B gredr Bawehgy of wiverabsample aspects of operations that

may be performed to manage a set of wireless relay nodes;

[0017] FIGS. 5A and 5B are a flowchart of several sample aspects of operations that
may be performed to route packets within a set of wireless relay nodes;

[0018] FIG. 6 is a simplified block diagram of several sample aspects of
communication components; and

[0019] FIGS. 7 - 10 are simplified block diagrams of several sample aspects of
apparatuses configured to provide wireless relay node management as taught herein,
[06020] In accordance with common practice the various featurcs illustrated in the
drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may be simplified for clarity. Thus, the drawings may not depict all of the
components of a given apparatus (e.g., device) or method. Finally, like reference

numerals may be used to denote like features throughout the specification and figures.



[0013]FIG 1 is a sinplified block diagramof several sanple aspects
of a communi cation systemincluding a set of wireless relay nodes;
[0O014]FIG_2 is a flowhart of several sanple aspects of operations
that may bEOFEP3¥Atd to manage a set of wirel ess relafcﬁﬂg%gwﬁﬁﬂ”
route packets through the set of wireless relay nodes; [0015]FIG 3
Is a sinplified block diagram of several sanple conponents of

communi cati on nodes; [0016] FIGS. 4A and 4B are a flowhart of severa
sanpl e aspects of operations that nay be perforned to manage a set of
wirel ess relay nodes; [0017]FIGS. 5A and 5B are a flowchart of

several sanple aspects of operations that may be perfornmed to route
packets within a set of wirel eBETASLED DEHBIPTIINS|FIG 6 is a

inplified block di f I f
stmplithed Dok O A aThdec S e HscBMPae BSPRET Beld. 1t should be apparent

that the teachings herein may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed herein is merely representative.,
Based on the teachings herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be implemented or such a method may
be practiced using other structure, functionality, or structure and functionality in
addition to or other than one or more of the aspects set forth herein. Furthermore, an
aspect may comprise at least one element of a claim.

[0022] FIG. 1 illustrates several nodes in a sample communication system 100 {(e.g.,
a portion of a communication network). For illustration purposes, various aspects of the
disclosure will be described in the context of one or more wireless relay nodes, access
points, access terminals, and network nodes that communicate with one another. It
should be appreciated, however, that the teachings herein may be applicable to other
types of apparatuses or other stmilar apparatuses that are referenced using other
terminology. For example, an access point may be implemented or referred to as a base
station or eNodeB, while an access terminal may be implemented or referred to as user
equipment or a mobile unit.

[0023]  Access points (e.g., root access point 102} and wireless relay nodes (e.g.,
wireless relay nodes 104, 106, 108, 110, and 112) in the system 100 provide one or
more services (e.g., network connectivity) for one or more wireless terminals (e.g.,
access terminal 114) that may reside within or that may roam throughout an associated
geographical area. In the example of FIG. 1, the access point 102 communicates with

one or more network nodes (represented, for convenience, by network node 116) to
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communi cation system 1
for access terminals and/or wireless relay nodes) and uses a different wired technology

or wireless technology to provide backhaul connectivity. In some aspects, the term
wireless relay node as used herein refers to an access point that uses the same wireless
technology to provide access (e.g., for access terminals) and to provide backhaul
connectivity (e.g., to send mformation to and receive information from a core network
via a root access network or another wireless relay node). Thus, from the perspective of
an access terminal, a wireless relay node may operate in some aspects like an access
point. Conversely, from the perspective of the root access point, a wireless relay node
may operate in some aspects like an access terminal. For convenience, a wireless relay
node may be referred to simply as a relay in the description that follows. In some
aspects, the term relay cluster (which may simply be referred to as a cluster herein)
refers to a root access point and a set of wireless relay nodes that may communicate to
the core network via that root access network. Here, a root access point is associated
with a single cluster, while a relay may be associated with one or more clusters.

[0025] Sample operations of the system 100 will now be described in conjunction
with the flowchart of FIG. 2. Blocks 202 - 210 describe several operations that may be
performed to manage a set of relays in a cluster. These operations involve, in some

aspects, managing (e.g., creating and deleting) unique cluster-specific identifiers for
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operations involve, in sone aspects, managing (e.g., creating and
del eting) umivetheadc| ust er-specific identifiers for
[0028]  An identifier may be defined for a given relay whenever that relay joins the
cluster. For example, in FIG. 1 an identifier may be defined when the relay 106 first

connects to the root access point 102 or when the relay 108 first connects to the relay

104. In a typical implementation, the identifier for a new relay is defined by the root
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rel ay assumed that the relays 104, 106, 108, 110, and 112 are assigned network identifiers
RS1, RS2, RS3, R84, and RS3, respectively.

[0031] In some implementations, the cluster-specific identifiers defined for the
relays in a cluster are provided to all of the relays of the cluster in the form of a list that
maps the cluster-specific identifier for each relay to its associated network identifier.
For example, when a relay joins a cluster, the relay may send its network identifier to
the root access point. The root access point may then update the list with the new
cluster-specific identifier and the associated network identifier for that relay and send
the list to all of the relays in the cluster,

[0032}] Referring again to FIG. 2, as represented by block 204, a routing table is
maintained for the cluster and this routing table information may be sent to all of the
relays in the cluster whenever there is a change in the cluster. For example, the root

access point of the cluster may define a new routing table whenever a relay joins, moves

within, or leaves the cluster.



104. In a typical inplenmentation, the identifier for a newrelay is
defined by the root 8 access point of the cluster. However, in other
i npl enment lay (e.g., the relay with which th y
connects)aﬁgga% fﬁg the identifier for the new rel ay. qfﬁﬁgé?ﬁhgéEhe
aspects, the cluster-specific identifier for each relay is associ ated
with another identifier that is assigned to that relay. In sone
aspects, this other identifier may be used to uniquely identify a
given relay over a broader identifier space than the cluster. For
exanple, this other identifier may uniquely identify a relay within a
network (e. g rlvate networ k, an operatqr network, or a gl obal
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i npl ementations, the cluster-specific identifiers defined for the
112 are assigned relay IDs 1, 2, 3, 4, and 5, respectively. The root access point 102 is
assigned identifier 0. Thus, since the root access point 102 is the serving node for relays
104 and 106, the serving node ID entry in the routing table for each of identifiers 1 and
2 is serving node ID 0. Similarly, since the relay 108 is the serving node for relays 110

and 112, the serving node ID entry in the routing table for each of relay IDs 4 and 5 is

serving node ID 3.

RELAY ID SERVING NODE ID
1 0
2 0
3 1
4 3
5 3
TABLE |

[06035] As represented by block 206 in FIG. 2, each of the relays in the cluster
receives the cluster-specific identifiers sent out at block 202, As mentioned above,
these identifiers may be sent out in the form of a list that also includes other identifiers
that are associated with the relays. In this way, each relay in the cluster may maintain a

table that lists the identifiers associated with each relay that is currently in the cluster.



relays in a cluster are provided to all of the relays of the cluster
in the formof a list that nmaps the cluster-specific identifier for

each rel ay, b%m?h§7?§SOCIated network identifier. For ﬁ%ﬂﬂ#ﬁ??@gﬁ?ba

rel ay 10|n the relay may send its network

the root access point. The root access point nmay then update the |ist
with the new cluster-specific identifier and the associ ated network
identifier for that relay and send the llost to all of the relays in
the cluster. [0032] Referring again to FIG 2, as represented by bl ock
204, a routing table is maintained for the cluster and this routing
table informati on may be sent to all of the relays in the c|uster
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and the identifier of the next link NEXT LINK ID) from the current relay in the direction of
the downstream relay. Referring again to the example of FIG. 1, Table 2 illustrates a
forwarding table for the relay 104. In this case there are three downstream relays: relays
108, 110, and 112 that are assigned RELAY IDs 3, 4, and 5, respectively. Due to the
topology of FIG. 1 (as indicated by the routing table of Table 1), the next link
downstream from relay 104 for each of these relays is relay 108. Thus, the global
identifier assigned to relay 108 (RS3) is used as the NEXT LINK ID for each of these
RELAY 1Ds. Similarly, Table 3 illustrates a forwarding table for the relay 108. In this
case there are two downstream relays: relays 110 and 112 that are assigned RELAY IDs
4 and 5, respectively. Due to the topology of FIG. 1 (as indicated by the routing table of
Table 1), the next link downstream from relay 108 for relay 110 is relay 110 and the
next link downstrcam from relay 108 for relay 112 is relay 112. Thus, the global
identifier assigned to relay 110 (RS4) is used as the NEXT LINK ID for RELAY ID 4
and the global identifier assigned to relay 112 (RS5) is used as the NEXT LINK 1D for
RELAY ID 5.

RELAY ID NEXT LINK ID

3 RS3

4 RS3




2 is serving node IDO. Simlarly, since the relay 108 is the serving
node for rel ays 110 and 112, the serving node ID entry in the routing

table for IayIDs4and5|s serving node 1D
SERVI NG P‘B%fﬂﬁg 31 4 P%Tnﬁl;&da‘ \6324%
11
3 RS3
Other Default (uplink)
TABLE 2
RELAY ID NEXT LINK ID
4 RS4
5 RS5
Other Default (uplink)
TABLE 3

[0038] Tables 2 and 3 also illustrate that the forwarding table may define a default
link to account for a case where a relay receives a packet that is destined for a relay that
is not downstream. For example, if relay 104 receives a packet that has a destination of
RELAY ID 2, the relay 104 may send the packet uplink (i.e., to the root access point
102). Similarly, if relay 108 receives a packet that has a destination of RELAY ID 1 or
2, the relay 108 may send the packet uplink (i.e., to the relay 104).

[0039] Once the forwarding tables are established at each relay in the cluster, the
relays may use the forwarding table to route packets within the cluster. For example, as
described in more detail below, when a packet is to be sent through the cluster, a node
of the cluster (e.g., the root access point or a relay) may append a header that includes
the cluster-specific identifiers associated with the source and destination for the packet,
if applicable.

[0049] Thus, as represented by block 212, at some point in time a relay may receive
a packet that is to be routed within the cluster. The relay may then determine whether
the packet includes a chuster-specific identifier.

[0041] If so, as represented by 214, the relay determines how to process the packet

based on the cluster-specific identifier in the packet and the forwarding table, For



3 53 TABLE | [0035]As represented by block 206 in FIG 2, each of
the relays in the cluster receives the cluster-specific identifiers

sent out %0%@90’?74%92' As nentioned above, these identi}]‘dTZﬁS%?@@?(%?lg
e raentrrie

sent out in't ormof a list that also includes other

that are associated with the relays. In this way, each relay in the
cluster may naintain a table that |ists the identifiers associated
with each relay that is currently in thd2cluster. 10 [0036]As
represented by bl ock 208, each of the relays in the cluster also
recei ves

example, the relay may elect to process the packet if this relay is the intended
destination as indicated by the cluster-specific identifier in the packet. Conversely, the
relay may elect to forward the packet if this relay is not the intended destination. In this
case, the relay may use the forwarding table to determine the node in the cluster to
which the packet is to be sent.

[0042] With the above in mind, additional details relating to managing a cluster and
routing packets within the cluster will be described in the context of the flowcharts of
FIGS. 4A - 5B. Specifically, FIGS. 4A and 4B describe sample operations than may be
employed to manage identifiers and associated lists or tables in a cluster. In this
example 1t will be assumed that the root access point for the cluster defines the
identifiers and routing table used by the relays of the cluster. FIGS. 5A and 5B describe
sample operations that may be employed to route packets within the cluster using the
managed information,

[0043] For purpose of illustration, the operations of FIGS. 4A - 5B will be
described, in part, in the context of a network where nodes of the network may
communicate with one another by establishing routes between the nodes. An example
of such a network is an Ultra-Mobile Broadband network. Here, the network identifier
referred to above may comprise an access node identifier (“ANID”). In addition, the
cluster-specific identifier may comprise a compressed ANID (e.g., only comprising a
few bits). An ANID may be used in multi-hop to identify a relay in the cluster. For
example, the ANID for a relay may be determined based on the IP address assigned to
the relay. As the IP address is part of the relay’s session, the IP address does not need
to be exchanged cach time the relay opens a route.

[0044] For convenience, the operations of FIGS. 4A - 5B (or any other operations
discussed or taught herein) may be described as being performed by specific
components (¢.g., components of a system 300 as shown in FIG. 3). It should be

appreciated, however, that these operations may be performed by other types of



the routing table information sent out at block 204. Thus, each rel ay
in the cluster may maintain a table that described the current
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information fromthe routing table. In sonme aspects, the forwarding
table for a given relay may include an entry for each relay that is
downstream of that relay. As shown in Tald3les 2 and 3, each entry in
the forwarding table nmay include, for exanple, the identifier of the
downstreamrelay (RELAY ID) and the identifier of the next |ink (NEXT
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communicating with each other and other nodes in the system 300. In some
implementations the node 304 includes another transceiver 310 for communicating with
other nodes (e.g., access terminals) in the system 300. Here, the transceivers 308 and
310 may embody the same type of wireless technology (e.g., an LTE air interface). In
other implementations, however, the node 304 may include a single transceiver (e.g.,
transceiver 308) that is configured to support both access wireless communication and
backhaul wireless communication. In some cases, the node 304 may communicate with
one node (e.g., an access point) on some interlaces and communicate with another node
(e.g., an access terminal) on other interlaces. The transceiver 306 includes a transmitter
312 for sending signals (c.g., packets for relay management and other traffic) and a
receiver 314 for receiving signals. The transceiver 308 also includes a transmitter 316
for sending signals and a receiver 318 for receiving signals. Similarly, the transceiver
310 includes a transmitter 320 for sending signals and a receiver 322 for receiving
signals.
[0047] For purposes of illustration, several components that may be employed in

conjunction with managing a cluster and sending/receiving traffic are shown in the node

302. It should be appreciated that some or all of this functionality may be implemented
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in other nodes (e.g., in some implementations a relay may provide cluster management
functionality). As shown, the node 302 may include a relay manager 324 that provides
functionality relating to managing relays in an associated cluster. Other aspects of the
relay manager 324 are described in more detail below. The node 302 also may include a
communication controller 326 for processing traffic (e.g., controlling the transmission
and receipt of packets) and providing other communication-related operations.
Furthermore, the node 302 may include a packet processor 328 for processing packets
{e.g., providing packets to be transmitted and processing received packets) and
providing other related operations.

[0048] For purposes of illustration, several components that may be employed in
conjunction with sending/receiving traffic at a wireless relay node are shown in the node
304. It should be appreciated that similar functionality may be implemented in other
wireless relay nodes in the system 300. The node 304 includes a relay topology
manager 330 that provides functionality relating to maintaining information (e.g.,
topology information) for an associated cluster. Other aspects of the relay topology
manager 330 are described in more detail below. The node 304 also may include a
communication controller 332 for processing traffic (e.g., controlling the transmission
and receipt of packets) and providing other communication-related operations.
Furthermore, the node 304 may include a packet processor 334 for processing packets
(c.g., providing packets to be transmitted and processing received packets) and
providing other related operations.

[0049] Referring now to FIG. 4A, as represented by block 402, at some point in
time a relay joins a cluster or moves within the cluster. As an example of the former
scenario, the relay 110 of FIG, 1 which is installed in the coverage area of relay 108
may have recently powered-on and connected to the relay 108. As an example of the

latter scenario, the relay 112 may be a mobile node that was connected to the relay 106,
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for a relay I'S not downstream For exanple, if rela

recei ves a packet that has a destination of RELAY ID 2, the relay 104
may send the packet uplink (i e, to the root access point 102).
Simlarly, if relay 108 receives a packébd that has a destination of
RELAY ID 1 or 2, the relay 108 nay send the packet uplink (i ¢, to
the relay 104).

but has moved into the coverage area of relay 108 and is now connected to the relay
108.

[0050] As represented by block 404, in conjunction with joining or moving within a
cluster, a relay may request a cluster-specific identifier. For example, the relay may
transmit a message that requests that an identifier be defined for that relay. Here, the
request message may include the network identifier of the relay. Consequently, the
node that defines the identifier may update its list of the relay identifiers for the cluster
with this information. In the example of FIG. 3, a request generator 336 may generate
the request and cooperate with the transmitter 316 to transmit the request.

[0051] In some implementations (¢.g., an LTE-based implementation), the relay
may send the request to a node to which the relay is connected. For example, the relay
110 of FIG. 1 may send the request to the relay 108. In this case, the relay 108 (e.g., an
identifier controller 338 in the relay) may determine that it cannot process this request
(e.g., based on a message identifier in the request). The relay 108 may then forward the
message to a node to which it is connected (e.g., the relay 104). This process may
continue until the request reaches a node that will process the request (¢.g., the root
access point 102). In the example of FIG. 3, a request processor 340 may cooperate
with the receiver 314 to receive the request, after which the request processer 340
processes the request.

[0052] In some implementations (c.g., a UMB-based implementation), the relay
may establish a route to the node that will process the request, and then send the request
to that node via the route. In this case, upon receiving a RouteOpen indication, the relay
may perform the operations that follow. The relay sends a RootRequest message on the
route. If the relay does not have a route to the ANID in the RootResponse, the relay
may open a route to the root access point, and move its data attachment point (if needed)

to the root access point for the forward link serving eNodeB (“FLSE”). The relay may



[ 0039] Once the forwarding tables are established at each relay in the
cluster, the relays may use the forwarding table to route packets
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when a packet 1s to be sent through the cluster, a nod

cluster (e.g., the root access point or a relay) may append a header
that includes the cluster-specific identifiers associated with the
source and destination for the packet, il applicable. [0040] Thus, as
represented by block 212, at sone point in tinme a relay may receive a
packet that is to be routed within the cluster. The relay may then
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packet and t or Ing table. For 12 exanple, the relay may el ect

to process {les3packed repiesdnlldSy iBbAMOLShE ARt hate@NaH doBRk aRAkteA pRFic

I ndi cated by the cluster-specific identifier in'the packet .

Conver sel y, iddndfiechathe relyy @lgeaipoh eeckipt ulxhelrdghest framkid reidy).t A mefidnay
is not the intended destination. In this case, the relay nmay use the
f orwar di ng tehdteesine: tHeragrett may trivdudgsadetvark ideaticéres thenelay, thdhroohadcers
packet is to be sent. [0042] Wth the aboye in mnd, additional
details rel 1M gy dsbﬁﬁﬁfgdlpwvﬁy gefined adeng Her with that network identifier. In the

example of FIG. 3, these operations may be performed by an identifier definer 342,
[0054] The root access point may respond to the request by sending the newly
defined identifier to the relay at block 408. In the example of FIG. 3, the identifier
definer 342 may cooperate with the communication controller 326 and the transmuitter
312 to transmit the response.

[0055] The relay may then receive the response to the request at block 410. In the
example of FIG. 3, the identifier controller 338 may cooperate with the receiver 314 to
receive the response, and the identifier controller 338 processes the response to obtain
the identifier.

[0056] In some implementations (¢.g., a UMB-based implementation), the root
access point assigns the cluster-specific identifier after receiving a RouteOpen
indication for a relay {e.g., upon receiving an IDRequest from the relay as discussed
above). The root access point then sends an IDAssign message to the relay that includes
the assigned cluster-specific identifier for that relay. When the relay receives the
identifier assignment via the IDAssign message, the relay may set its CurrentID to the
identifier in the IDAssign message and send an IDAssignAck acknowledgment message
to the root access point.

[0057] As mentioned above, the root access point may maintain an identifier table
(e.g., list) that includes the cluster-specific identifier and the network identifier for each
relay in the cluster. Referring to the example described above in conjunction with FIG.

2, the table may include a mapping of identifiers 1, 2, 3, 4, and 5 to network identifiers



routi ng packets within the cluster will be described in the context
of the flowharts of FIGS. 4A - 5B. Specifically, FIGS. 4A and 4B
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be assuned that the root access point for the cluster defines the
identifiers and routing table used by the relays of the cluster.

FI GS. 5A and 5B descri be sanpl e operatiadis that nay be enpl oyed to
route packets within the cluster using the managed i nformation.
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table. In the example of FIG. 3, the list definer 344 may cooperate with the
communication controller 326 and the transmitter 312 to transmit the above
information.
[6059] In some implementations (e.g., a UMB-based implementation), the root
access point may send (depending on policy) an IDTable message including the
identifier table information to all relays in the cluster when a relay opening a new route
in the cluster is assigned a cluster-specific identifier or when a relay closes a route in the
cluster. In some cases, a relay may send an IDTableRequest after receiving an
IDAssign message. In this case, the root access point may send the IDTable message in
response to the request from the relay.

[0060] Referring now to FIG. 4B, the relays receive the identifier list information as

represented by block 414. In the example of FIG. 3, a list controller 346 may cooperate



[ 0046] The nodes 302 and 304 include respective transceivers 306 and
308 for comuni cating with each other and other nodes in the system
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processi ng packets (e.g., providing packets to be transm(ted and

processi ng raecss pedt. packet s) and providing other rel ated operations.
[ 0049] Referring now to FIG 4A, as represented by block 402, at sone
point in [0064] As represented by block 416, the root access point also may define a new
routing table in response to the change in the topology of the cluster (e.g., a new relay
joining the cluster). In the example of FIG. 3, the routing table may be maintained by a
routing table definer 348.
[0065] As represented by block 418, the root access point sends new routing table

information to all of the relays of the cluster. In this way, all of the relays of the cluster
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FIG 3, a request generator 336 nmay generate the request and

cooper at e wirhdy dilnplytindiceserndyt chengdi 6o the réutiap sabid. Hobexangsiel@id roof 2053] | n
sonme inplenentations (e.g., an LTE-based inplenentation), the relay
may send thewinéqu@nct@massmﬁiéattconwm g teblagntiiss @ﬁﬁmmecwe@nhﬁw
exanpl e, the relay 110 of FIG 1 may send the request to the rela
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(e.g., the rela rocess contihue unti e request

reaches a nqﬂ@satglaﬁfo afvkibrk tHA 96 eaﬁyqtab@aM@msdrnﬁr@ véhethek they h&RLanadHGEte
point 102). In the exanple of FIG 3, a request processor 340 may

cooper at e wirbttirighteble.eahe exan@leloffidGr okt metmg]mbremﬂﬂﬁt’:% afaly ebopste h

t he request processer 340 processes the request. [0052]1n sone

i npl enent at i ¥Wifsthe gorgmunigatigyEoptel ey 3261@1@%%@911@1)3 12 tdfmansmitale sheye
establish a.rpute.to the node that will process the request, and then
send t he redﬁé&“at{%‘ t hat node VI a the route In this case, upon
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Root Response, the relay
the relays in an associated serving cluster. The root access point may send this message

when a relay or the root access point becomes the FLSE for a relay, or is no longer the
FLSE for arelay. That is, the message may be sent when the forwarding tables in the
cluster change.

[0067] A serving cluster may be defined as a cluster for which there is a path from
the root access point to the relay for which the serving access point of cach relay on the
path is a member of the cluster. Each relay station in the serving cluster may have
exactly one entry in the ClusterTopology table even if it has open routes to multiple
members of the cluster. A relay that has an entry in the IDTable but not in the
ClusterTopology table is not in the serving cluster.

[0068] In some cases, a relay may send a request for routing table information. For
example, if the root access point is in the serving cluster, the relay may send a

ClusterTopologyRequest after receiving an IDAssign message. In the example of FIG.



may open a route to the root access point, and nove its data
attachnment point (if needed) to the root access point for the forward

link servigg60ypdeB; ("FLSE"). The relay may 16 send amnpdiisesHasizf 0
the root access point after receiving a RouteQpenAccept fromthe root

access point. [0053] As represented by block 406, the root access
point defines a cluster-specific identifier for the relay (e.g., upon
recei pt of the request fromthe relay). 28s nenti oned above, since the
request may include a network identifier of the relay, the root
access point nay associ ate the newy defined identifier with that

network identjfier. ratlons

por for mred by e rashebrrar SR oSt ikuls AEn o LEkSER s °°
may respond &ﬁﬁ&he request by sending the newy defined |dent|f|er to
the relay at ock 408. In the exanple of FIG 3, the identifier

definer 342 [pwg9] COORRIrakes ofithdlclhfig ré@LRd fatih®@RbRAMorBdtoflas Zopbesamned
the transmtter 312 to transmt the response. [0055] The relay may

t hen recei véythhekrdegpbnbe ctantlhel Fl6qdesutitg tble ckntdilBr 330hmishevopxatepl e
of FIG 3, the identifier controller 338 may cooperate with the
recei ver 314vithghe eseivered 18He raceisp regeutingrieble éormaaen ivflicmupeniie roltingr

338 processeﬁ)the res o se to obtain the identifier.
le controlle processes the information.

[0070] In some cases (e.g., an LTE-based implementation), each relay that receives
the routing table information may forward the information to another relay. For
example, upon receiving a new routing table, the relay 104 (e.g., a routing table
controller 350 of the relay) may forward the routing table to the relay 108. The relay
108, in turn, may forward the routing table to the relays 110 and 112.

[0071] In some cases (e.g., a UMB-based implementation), upon receiving a
ClusterTopology message, a relay may perform the operations that follow. First, the
relay may validate the message. Here, the relay may discard the message if the message
18 invalid. Next, the relay may determine whether a MessageSequence field of the
message includes the next expected message sequence for a ClusterTopology message.
If not, the relay may discard the message and send a ClusterTopologyRequest message
with the MessageSequence field set to the last MessageSequence received for a
ClusterTopology message that was processed successfully.

[0072]  Otherwise, the relay may update its forwarding table (discussed below)
based on the contents of the ClusterTopology message. Here, the relay may add all
relays listed in the ClusterTopology message for which an [sNewEntry field indicates
that this is a new entry (e.g., the field is set to a “1”). The relay may delete all relays
listed in the ClusterTopology for which the IsNewEntry field indicates that this entry is
to be deleted (e.g., the field is set to a “0”). The relay may also delete from the cluster
all relays below a deleted relay. The relay may then send a ClusterTopologyAck

acknowledgment message to the root access point.



[ 0056] I n sone inplenmentations (e.g., a UVB-based inplenentation), the
root access point assigns the cluster-specific identifier after

recei vi ng WoRgefestlen indication for a relay (e.g., upgRrr®sfbNsAg an
| DRequest fromthe relay as di scussed above). The root access poi nt

then sends an | DAssign nessage to the relay that includes the
assigned cluster-specific identifier for that relay. \WWen the relay
receives the identifier assignment via t#e | DAssign message, the
relay may set its CurrentiIDto the identifier in the I DAssign nessage
and send an | DAssi gnAck acknow edgnent massage to the root access

P Mot 1 11 44031 0P AL RSN od15! e rARRRSS: BR(HacR BRI
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network identifiers 17 (e.g., ANIDs) RS1, RS2, RS3, RS4, and RS5,

respecti vel wfFIG Hztlﬁfoﬁyardlihgaéleap@r‘mdeﬁnsd yayy foreand engftaredelinoy33. | i st

definer 344. &0058]As repr esent ed bl ock 412, the root access point
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changed. Alternativel y, in some | nplenmentations the root access poi nt

may sinply irgidy kats thngluehajpgsshd Qudtdreor ket Witharthé albter. For exanpl e,
the root access point may send a nessage that contains the identity
of any new i[0&H i f i lnseme aplemantatidng grroaticbeeks point ey tebinetiaatly disgover a
identifiers that have been deleted fromthe table since the |ast
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above information. [0059] 1 n sone inplenentations based

i mpl ement at Iftmnkxan’q:ﬂ@ tiieorobt access point may only send an upd&te to an affected portion of the
topology (e.g., 2 portion of the relays in the cluster) and not inform the rest of the
topology. The root access point may elect to not send out topology information for a
mesh that is only two hops (one for access and one for backhaul) or to a relay that does
not forward packets downstream. Nevertheless, the root access point may still send the
identifier table to enable compression (discussed below).
[00706] As an example of the above, when a root access point receives a
RouteClosed indication (indicating that a route to a relay has been closed), the root
access point may send an updated ClusterTopology message to all of the remaining
relays in the cluster. In addition, upon receiving a RouteClosed indication, a relay may
delete the identifier and forwarding tables for the cluster.

[0077] When a relay leaves the cluster, the cluster specific identifier for the relay

may not be reused for a defined period of time. For example, an identifier may not be



access point may send (depending on policy) an |IDrTabl e nessage
including the identifier table information to all relays in the

cl uster wheg awfslsay Opening a new route in the clustenpddBasheied a
cluster-specific identifier or when a relay closes a route 1n the

cluster. In sone cases, a relay may send an | DTabl eRequest after
receiving an | DAssign nessage. In this case, the root access point
may send the | DTabl e nessage in responsé@2to the request fromthe
relay. [0060] Referring nowto FIG 4B, the relays receive the
identifier list information as represented by block 414. In the

I f G .| |1 3 18 W t.h th
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controller ﬁﬂgprQQﬁ§ﬁ9%“5%§hgﬂig &pq*ﬂpmegﬁggé]ln some cases (e.g.

an LTE-based 1 nplenmentatio each relay that receives the list may

forward the [b078] t RAGALE 6w HECFRIS. SKQhd SRAM s optRABNE BEEIYY Y an
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may forward the list to the relays 110 and 112. %OOGZ]In sonme cases
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message, a relay mgy performthe operations that faollow First., the
rel ay nmay  SPMALHE IR Fierngdhe clpgliror Wiga s peperated pych Radg ofithe luster. Tt
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| DTabl e nessage that was processed successfully.
cluster receives or generates a packet that is to be routed within the cluster. As one
example, a relay may generate a control packet that is to be sent to the core network
(e.g., via an access gateway as represented by network node 116 in FIG. 1). As another
example, a relay (e.g., relay 108) may receive a packet from an associated access
terminal (e.g., access terminal 114) that is to be sent to another device via the core
network. As yet another example, the root access point 102 may receive a packet from
the core network that is destined for a relay (e.g., in the case of a control packet) or an
access terminal that is connected to a relay (e.g., in the case of a data packet). In the
example of FIG. 3, a packet processor 328 or 334 may generate this packet or cooperate
with an associated receiver 314 or 318 to receive the packet.
[0080] As represented by block 504, the node compresses the packet prior to routing
the packet through the cluster. For example, the nodes of the cluster may implement a
compression protocol that compreslses the headers of packets that are to be routed within
the cluster. As a specific example, a compression protocol may compress a UDP/IP
header or an L2TPv3/IP header of an Internetwork Operating System (“I0S”) packet.
Here, the compression protocol may support compression of the following 108
interfaces: Inter-ANRI Signaling (IAS) Interface, which carries signaling of

session/paging information between ANRIs for an access terminal; IP Tunneling (IPT)



[ 00631t herwi se, the relay may update its 1D-to-AND tabl e based on
the contents of the |IDTabl e nessage. Here, the relay may add all

relays Ii s@%%,},ggbﬁ;@g | DTabl e message for which an | va@ﬁ%ﬁ%&.}é@'ﬂl 1.)

i ndi cat es Isis anewentry (e.g., the field is

The relay may delete all relay stations listed in the | DTabl e for
which the IsNewentry field indicates that this entry is to be deleted
(e.g., the field is set to a "0"). The r8lay may then send an

| DTabl eAck acknowl edgnment nessage to the root access point. [00641As
represented by block 416, the root access point also nay define a new

bl he ch t t I th
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cluster. In this way, all of the relays of the cluster
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routing table definer 348 may cooperate with the conmunication
control | er 32gy amdblanother ralayrespnacesss AR is enabled iy wpeninde raatrae dhat relay or

i nformation.
access point. In the example of FIG. 3, the packet processors 328 and 334 may

implement a compression protocol.

[0081] As represented by block 506, the compression protocol may append a header
to the packet whereby the header may include cluster-specific identifiers to indicate the
node of the cluster (e.g., a relay) that is the source of the packet and the node of the
cluster (e.g., a relay) that is the destination of the packet. For example, the header of a
received packet may include a source address and/or a destination address that
corresponds to a network identifier (e.g., ANID) of a node in the cluster as indicated by
the identifier list (described above). Thus, the compression protocol may use the
network identifier and the identifier list to determine which cluster-specific identifier(s)
should be used in the appended header to route the packet within the cluster,

[0082] As represented by block 508, the node forwards the packet to a relay in the
cluster. As discussed above, a relay management protocol implemented by the node
may use the forwarding table to identify the relay to which the packet should be
forwarded. For example, if the packet originated at the relay 104 in FIG. 1 and is

destined for the relay 110, the node 104 may forward the packet to the relay 108. In the



[ 0066] I n sone cases (e.g., a UMB-based inplenentation), the root
access point sends a C usterTopol ogy nessage that includes the

routing taph8ojobpseation to all of the relays in an asgq@isaéBMizan
serving cluster. The root access point may send this nessage when a

relay or the root access point beconmes the FLSE for a relay, or is no
| onger the FLSE for a relay. That is, the nessage nmay be sent when
the forwarding tables in the cluster chéfge. [0067] A serving cluster
may be defined as a cluster for which there is a path fromthe root
access point to the relay for which the serving access point of each
relay on the_path i menber, of the u r. Each rel station in
he-Servi ng hRe af Fichy VS uRhett) S Ery R e & wdtdhBhol ogy
table even ldirhiidip: MR Eob QalHill Al SsIBMRGESudhie! §19 GI3451ET
A relay that %as an entry in the 1Dlabl e but not in the

A ust er Topolt@gymit allpacltes not in the serving cluster. [0068]1n sone
cases, a relay may send a request for routing table information. For
exanpl e, if [0083] r ocfheacleg ssthpolusitr then fencivisehs packetrsg radresshted by bloek 510.
relay may send a,  C usterTopol ogyRequest after receiving an | DAssi gn
nmessage. | n Agee, éxBlifpB & pefkerprocessonp 28 or fhempp geppstatyeiiepatseecidgs may

cooperate with.th r mtter 316 to transmt such a request.
[ 0069] The réFﬁV@r§¥EWﬁQ§&?U§?%?§WéE@F9e the routing table information

as repr esent[5:6184] As represented by block 512 of FIG. 5B, when a node receives a packet (e.g.,
via a radio link protocol), the relay management protocol may first determine whether
the packet includes routing information. If not (e.g., an [PHeaderIncluded field of the
appended header is set to “0”), this indicates that the current node is the destination for
the packet. In this case, the relay management protocol may send the packet to the
compression protocol (e.g., implemented, at least in part, by a packet processor)
whereby the packet is decompressed (block 514). The packet may then be forwarded to
an upper layer protocol (e.g., at its ultimate destination).

[0085] For example, in a case where the packet is destined for a relay, at block 516
the packet processor 334 may process the packet and provide the packet information to
an appropriate application running at the node (e.g., at the communication controller
332).

[0086] Alternatively, in a case where the packet is destined for an access terminal
that is associated with the relay, at block 516 the relay may forward the packet to the
access terminal. In the example of FIG. 3, this may involve the communication
processor 332 generating an appropriate message and cooperating with the transmitter
320 to send the packet over-the-air to the access terminal.

[0087] If the packet did include routing information at block 512 (e.g., the
IPHeaderIncluded field of the appended header is set to “17), the relay management
protocol may determine whether the routing information indicates that the current node

is the destination for the packet (block 518). This may involve, for example, comparing



by bl ock 420. In the exanple of FIG 3, a routing table controller
350 may cooperate with the receiver 318 to receive the routing table

i nformati oo NRjoeidpOoNn the routing table controller 35qxﬁr @§%§§7{he
information. [0070]In some cases (e.g., an LTE-based i enentati on)

each relay that receives the routing table information may forward
the information to another relay. For exanple, upon receiving a new
routing table, the relay 104 (e.g., a rd¥ting table controller 350 of
the relay) may forward the routing table to the relay 108. The rel ay
108, in turn, may forward the routing table to the relays 110 and
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operations thafe 19:ltfog‘fﬁenFE dﬁﬁ'thet er{d%h ‘ﬁé{dd f tM ifat e the nessage.

Here, the relay may discar ssage | ssage is invalid.

Next, the rqbess] rraylf@l@@h@hﬂ@d%&ﬁ@@ssn@atwﬁ$&ag@§@ﬁétefh@%pélhﬁélﬁi fbwt he
nmessage i ncludes the next expected nessage sequence for

Cl ust er Topolgyeedwas baghks 514 anddtl 6. Thes, memmenﬁmyHeﬁﬁamdedﬁﬁhﬁasmagswn
and send a C usterTopol ogyRequest nessage with the MessageSequence
field set tdretheolsadhat mﬂ;’s@@é@eﬂh@d@em@@@dv@d they pravidid oty Molgcinogy
message that was processed. successfu [0072] Ot herwi se, the relay

may update |“t5%°‘:f"g§dv6§??§? F?ﬁmini’i PESOR; ‘§{‘, Sesignaled dpoiBtased on t he N

f T
Celays 1ot OB LB R AR B et bk o T e il 1y
field indi C%@tﬁlaﬁgﬁi’orttﬁy p?acke? («fig n@ﬁé’rﬁ%} a%@rg&n ﬁ)r&[ﬁ&)l %e@ﬂvgsé ngﬁ ssécp a

"1"). The relay nay del ete al relays uster ogy

for which thackds Nansns by fdrivelded)] meird ﬁsndge@émtplmt&:& Abtedmih& thOnde link
deleted (e.g., the field is set to a "O"). The relay may al so delete

fromthe cl lfst the padkiet (bedch 80 dicpuytlze heke padtesset 334 mahese itled deytimatiyn t hen
send a C usterTopoIogyAck acknow edgnent nessage to the root access

point. 21 [(damiPnEondin apeiied aagkpt laﬂaé@kawqﬂ aséb@ﬁ)rweﬁmg tgtfle effthe node
cluster defi Itg %eterrml;lg {hﬁgge toq;vhxch the packet should be routed.
[0090] As represented by block 522, the relay management protocol determines
whether the next link is the same as the source link (i.e., the link from which the packet
was received). This situation may occur, for example, when a downstream relay has
been removed from the cluster. In this case, the entry for the relay will have been
removed from the forwarding table of the current node. In addition, the forwarding
table for the node may specify the uplink as the next link for any identifiers that are not
in the forwarding table (e.g., as in Tables 2 and 3).
[0091] If the next link is not the same as the source link at block 522, the relay
management protocol forwards the packet to the node specified in the forwarding table
{(block 526). That is, the relay management protocol may forward the packet to the
relay management protocol mstance on the next link.
[0092] If, on the other hand, the next link is the same as the source link at block
522, the relay management protocol may send the packet back to the source link (block

524). For example, if the relay has a route to the relay corresponding to the destination

identifier in the appended header, the relay may forward the packet to the appropriate



tabl e based on the received routing table information. The forwarding
table may take the formof Table 2 or 3 discussed above, or sone

ot her sui tywblsgydfesax | n the exanple of FIG 3, the forwgHhtkhdiehooahhe
may be defined by a forwarding table definer 352. [0074] As

represented by block 424, the nodes of the cluster may perform
operations simlar to those described above to maintain (e.g.,
update) the identifiers and tabl es whenéfer there is a change in the
t opol ogy of the cluster. For exanple, the identifier table, the
routing table, and the forwarding tables may be nodified whenever a

relay | eavegui(gt%?c[eorll %Is %IsrfeﬂP n%IDg)Igr&I;IE fog?t:?aé r?]cISuItIes gﬁ&erw%e Iﬂ%\{’ggy I’n“artla%%:r?lﬁ%&?otocol

cluster. [O root access’ poil

aut omat i cal Iy, dHiRGRMBE pRLENABYRK k4.t he cluster topol ogy since the
root access point contains a route to every relay in the cluster

(e.g., as opp@sed tThexyshRshMbRrEaybedMpRERnich it CRRUOYKYS 8 difgeaver ed
| ocally and has to percolate up to the root). In either case, the
root access impienteniatignsi foebtanpdn vijous eymes opdenteers may beerhgpyddogarious
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packets downsiRamYy tBYRHIE h&SSis ih Reay QRkerAERES Sach I mARYe 8sighkd a
send the identifier table to enable conpression (discussed bel ow).

[ 0076] As an uakmaplP eddésst Bechadfalverclawd gy theh 00 tomfitiesiso aimihe MR eRirdes a
Rout e osed indication (indicating that a route to a relay has been
cl osed), thefrbeofitndwestepoiaiysitay. sboltharelaysdalbedt)ClAssiresultothe kdapyis
nessage to al| of the remaining relays in the cluster. In addition,
upon recei vi2ht o STBeh beryst difecati on, a relay may delete the

identifi di t abl f th |l uster. [0077] Wh I
| eaves the PO or g {APaRTuResiy oy dib e POR TRCIFR Dy may
hot be r eusqgmja(p& ?eﬁ:gg@,frbﬂt% (Ba&%fs', &Choqeitﬁérn%xalﬁﬁlrés gmggysgenaﬁ& follow.

identifier nmay no
Initially, operations relating to not routing or forwarding are described. Next,

operations relating to using Layer 2 forwarding are described. Then, operations relating
to using static Layer 3 forwarding are described. Finally, operations relating to using
Layer 3 routing are described.

[0096] In an implementation where the root access point elects to not route or
forward, the following address acquisition sequence may be employed. When a relay
wakes up, the relay may send a broadcast DHCP message. The root access point puts it
into an L2TP tunnel and forwards it to the access gateway. Return packets come in an
L2TP tunnel, transmitted over the air by the root access point.

{0097] The following address allocation operations also may be employed. The
addresses are allocated by the access gateway or a DHCP server behind the access
gateway. Here, the access gateway is the first hop router.

[0098] The relay may tunnel packets for relays-in-a-chain in the cluster. For

example, with reference to FIG. 1, relay 108 may put packets from the access terminal



22 reused for a period of tine after a route is closed to a relay, so
that all packets in the cluster for that relay may be "flushed” from

the cl ust ey hfdpéBkReferring now to FIGS. 5A and 5B, sagi®2000m032471
operations that may be perforned by the nodes of a cluster to route

packets within the cluster will be described. In this exanple, it is
assuned that a packet being passed through the cluster is conpressed
upon entering the cluster or when it iszgenerat ed by a node of the

cluster. It should be appreci ated, however, that the teachings herein
may be applicable to inplenentati ons where packets are routed through

acLuster wiglhgyl cheiiio,£oRGRSH, OOFNAS LeRLesent o b ) agk, 502

of FIG B5A, "at some poin

generates a qackghelt hﬁE phékel Quddng tﬁé‘I’c%%é@b&stﬂﬂ Y thh% Had &b G@h@a'agrb

exanple, a relay my generate a control packe Is to be sent to

the core netAwidvafieddof thiv kéhemid iQGEES 8l FatcawtitladTo ERLEHBIML Adwhitream as
network node 116 in FIG 1). As another exanple, a relay (e.g., relay

108) mmy r eceiav@satepaiokletA disalivmatagasshis sdtced inheesiditiveal lGRAheaders gre,
access termnal_ 114) that is to be sent to another device via the
core net wor Rddsatgadh oot her exanpl e, the root access point 102 may

i f th t dest df I
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ted t t t Lo th
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packet or coepgsfdift deswas &seepdnett Q—ﬂaré %M@Jccé@ﬁoﬁ’lfm§;1§ctta§)tkﬂe%9ﬁ'u}fe
the packet. [0080] As represented by bl ock 504, the node conpresses

the packet paicomy twall @liyk Rithinhie sphed e ddrbssedighhd Reye ds be kilodaR from
exanpl e, the nodes of the cluster may inplenent a conpression

prot ocol t habe songr dbs D Ghwriveadrlis ebéwiracket s that are to be routed
within the cluster. As a specific exanple, a conpression protocol nay
conpress a UMb nEisdest %PGS%OIE?W%W@WWWWOW vl thacspsteas Ry

ppor | ComiPeutsy o6t RETTE R, 809 R et B P bR aroTh FURCARonhecled
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23 of such a scenario 1s that packets may be routed directly without tunnels. This scenario
may be potentially advantageous when a link exists between the root access points. A
potential disadvantage of this scheme is that a routing stack may need to be
implemented in the root access point.
[00101] When a packet is forwarded below the root access point, a packet arriving at
the relay 104 may have the IP address of the relay 108. Such a packet may be from an
access gateway (e.g., network node 116) or the root access point 102, The relay 104
will see the IP packet (e.g., after detunneling), and the relay 104 needs to send the
packet to the relay 108. Three schemes for enabling the relay 104 to determine where to
route the packet will now be described in turn. As mentioned above, the first scheme
involves Layer 2 (L2) forwarding, the second scheme involves static Layer 3 (L3)
forwarding, and the third scheme involves Layer 3 (L3) routing.

[00102] In L2 forwarding every node of a relay cluster under a root access point may

be part of the same subnet. Here, each node learns the MAC address of every node



Interface, which carries signaling nessages to notify and redirect
tunnel ed traffic based on access termnal nobility and encapsul ates

t he tunnelwd 2bd8pAskets to be transmtted between acceserAbeLkS7f or
an access termnal; Link-Layer Tunneling (LLT) Interface, which
carries tunneling of |ink-layer packets to the forward |ink serving
access network and fromthe reverse |link serving access network. The
conpr essi on protocol may conpress the UBP and I P headers of the |IAS
and | PT signaling interfaces. The conpression protocol may conpress
the L2TPv3 and I P headers of the LLT and IPT data interfaces. In sone

aspects, go %{ogﬁganHe I8y (e{;cgﬁ'loldg Esaagﬁ %ﬁe%%sio% U%gfél% ?\/Z%Q‘%eﬁ%i%r h 29(9 MAC

(e.g., th ress or I'ng address mnay

conpressed haadges Mhj BOKLMEAE IO RLADR] Bind NRARBEKES briddifl S8l (c.g., an

i npl enent ati ons, conpression between a relay and another rel ay gr an
access poi ntL2igotocd bhabdis BT Paparicngn g Imnpléh@ntadod BESTH @h@ke RlatidEGESS
point. In the exanple of FIG 3, the packet processors 328 and 334
may i npl emestraightfowprdessi tire gustdrdeoh (red ©0S0EASLE pwadagttddesoyayticock
506, the conpression protocol may append a header to the packet.

wher eby t he UHE#EddR thingehrme (s empllaragngd 18 pecordapee Vidle Heitgachings hesein).

i ndi h . 9., h ' he .
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packet may inc a source a or a destination addres
corresponds fbQaddsHRd \Ridst odaPHCP s@iverl(@t & -via tADhEsatcAva)pde DHCH he
cluster as indicated by the identifier list (described above). Thus,
t he conpr essésponsprdtiadog tienewiPerdtitees foe thaoole)ircenisitd the sulataddie L2
identifier list to determ ne which cluster-specific identifier(s)
shoul d be udewdiast wiii itgpysbecibe destiagtem reloy.r Ssethisrehpaciney cwmplohedinkhe
cluster. [O 8;] represented by bl ock 508, the node forwards the
packet to a%¥ ngﬂﬁﬁuﬁh@e@WB§F%r. As di scussed above, a relay

Tabra toi aahfoRh  msoe P& b Y Eiaoi e FRYsrth on ke TPt ks
For exanpl e,,i fetg PR %dgrré)cgiagé?ers?go&gttni A rfc; 1%(1.1931‘ éx@ﬁqgieg’ggéFﬁnd

is destined for the relay 110, the n rward t et to
the relay 1Q@sh kdutihp@roteldl B%RABPEApIB edihGoms cas@s.ﬂ&ﬁlkﬁienﬁﬁ&@ﬁﬁi@é ustdén
or 334 may determ ne the appropriate destination for the packet and
cooper at e withdse eascmasoorcaidedtifiarandsiitdtion i®DAfior arBihGriosourcaidankifier, el
packet. [0083]The relay in the cluster then receives the packet as

r epr esent ed apyntgyim drstimagon idgifisr. The ipleam Ipaderpagibstchimgsd eswek hagpg or

334 may coo i an associ ated. receiver. 314 or 318 to receive
the p aZket _ Q[%l%%]e VYIntI_H forwarding every node of a relay cluster under a root access point may

be part of the same subnet. These IP addresses are assigned over multiple hops. In this
case, cach node learns the IP address of every node below it in the tree. As above, this
scheme employs a link-by-link broadcast mechanism. In addition, this scheme may
essentially run an L2 protocol using IP addresses.

[00106] For a DHCP path in this scheme, with reference to FIG. 1, a DHCP request
from relay 108 is relayed by relay 104 (DHCP relay agent) to its default router (root
access point 102). The root access point forwards the request to the access gateway.
Here, the access gateway potentially forwards the request to a DHCP server. A DHCP

response including the assigned IP address returns to the current subnet (which maybe



[ 0084] As represented by block 512 of FIG 5B, when a node receives a
packet (e.g., via aradio link protocol), the relay nmanagenent

protocol n@y FHbgiebaseiet erm ne whet her the packet i ncl udese@idbioR92471
information. If not (e.g., an |PHeaderlIncluded field of the appended

header is set to "0"), this indicates that the current node is the
destination for the packet. In this case, the relay nmanagenent
protocol may send the packet to the conpession protocol (e.g.,

i npl enented, at least in part, by a packet processor) whereby the
packet is deconpressed (block 514). The packet may then be forwarded

E 8022] lli gfegxdgﬁn%ﬁﬁ)y Hl{egatcge%gg téxga 0r’bg6t@fhfo%§ aclék %& %o d@s ] lr’i g e;ngentl. 3trmlar to

rel ay, at bhg@ﬁ_ilﬁq@pgﬁggghehmﬁ&qﬁg§§or 334 nay process the packet
and provide the packet information to an appropriate application

runni ng at t[bel0rpdeHére, OOHCRIredpbscpathvufiag 8t b@ib viaWAdddedst R thSeldy- 108.
100861Alternatively, in a case where the packet is destined for an
access t er miThab, thisacheins naaysodide ®otowdcast mdvhanish.ay, at bl ock 516 the
relay may forward theracket to the access termnal. In the exanple

of FIG 3, tiA0Y8kayAnHpAcke th%éeaébtﬁtg%toehtqc@ﬁﬁ Ppinb ¢ekis dprwagied to the
Pransm tter a@%ﬁtaﬁt’éf%i%xﬁﬁfeﬁ%‘?%?ﬁi\tﬁgwﬁ BRGS0 B Gyl et node
termnal . [ %@@; Lllfl ﬁttﬂﬁgﬁéﬁer nﬂet’digd#d#. Qtth Qg,mluﬂlf Aol eggaw@ sed

bl ock 512 (e.g df the ap en is

set to "1") ,abbttefot e RW1sHRBRAETFRMntRieAt ACP addRYs Q@l‘é%aﬁ“b@‘?né@ﬁ@ihg@ﬁndt he
routing information indicates that the current node is

desti nati on disibittétbtopd ok éte rpbiésia khebch@er. Ridos cathyioddmay Le@m af forwarding
exanpl e, conmparing 25
table. In some aspects, this scheme essentially employs an L2 forwarding mechanism
using IP addresses. Provisions also may be taken to prevent loops in the tables.
[00109] In L3 routing, cascading subnets may be provided for every relay. In other
words, each relay owns a subnet. The IP address for each new relay may be allocated
from the subnet above. That is, children relays may obtain addresses and/or subnets
from the subnet of a parent node. This scheme thus involves a longest prefix match. IP
routes will be learned. Each relay implements a standard IP routing stack. Packets are
forwarded based on IP routing.
[00110] A wireless multiple-access communication system may simultaneously
support communication for multiple wireless access terminals. Each terminal may
communicate with onc or morc access points via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the communication link from the
access points to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the access points. This communication link
may be established via a single-in-single-out system, a multiple-in-multiple-out
(“MIMO”) system, or some other type of system.
[00111] A MIMO system employs multiple (V7) transmit antennas and multiple (Ny)

receive antennas for data transmission. A MIMO channe! formed by the N7 transmit



the cluster-specific identifier of the node (e.g., as nmaintained in
the identifier list) with the destination identifier in the appended
header of wbeopaokes. [0088]1f the current node is the @qsidanslosQamn
for the packet, the operational flow proceeds to bl ocks 514 and 516.
Thus, the packet nmay be forwarded to the conpression protocol so that
t he packet may be deconpressed, and then provided to the node, an
associ ated access terminal, or sonme othef desi gnat ed endpoi nt .
[0089]If the routing information indicates at block 518 that this
node is not the destination for the packet (e.g., the relay

managemnent Q'%lﬁ hQ ‘E&:eiv'é ShehYE ﬁlr?g #%%g%nﬁg)gquing)%ﬁﬁ&ep%ﬂ@eﬁl{ Lisinh s, Bich re

f or war ded) , e 'relay manage et'ermnes e next 1in

for the paclb réfeh@Cl 93 al dHRARIS, WhereMACKRIn (AL.068S $9EL 33 FRY Use

the destination identifier fromthe appended packéet header, as well
as the forwandtpaglehtahbenetfcotregpondgie atdimeiaicer rihe @M@ sysshe nia@ pvdvidzh
the packet should be routed. [0090] As represented by bl ock 522, the
rel ay nmanagémpioveppaicsasicedes e higherdbrowpltubend/argreaterxeliabilitk) if thet he
sane as the gurc? link (i,e., the link fromwhich the packet was
recei ved). o fili’é%nisﬁﬁalﬁﬁﬁc%’éghy thegpuliRls frannit fFaRccA CRNFET Bam
rel ay has b%ﬁEzQ@aned fromthe cluster. In this case, the entry for
the relay w Have been removed from the forwardi ng tabl e of the

current nodegggid) addiiinRH sysﬁetf‘r‘?m]fa? E\%%glﬂ% Cﬁ@pihﬁ dil]l%}f g%}j]’ggrt?d g?%erﬁ%rt

specify the uplink as the next K™tor any Ident rst
in the forvwaidiiagdiadd €FOB?Y. In adDD Byskah tRSfoRwad dndleves®B8d dddsnd iR ns

ncxt link is not the same as the source |link at block 522, the relay
managenment prodéoboe kamofrwpestsy eHen pathkete twiprdwtypoideipkpdot tedstimatidae
forwardi ng table (block 526). That is, the relay nmanagenent protocol

may f or war d of B fpaerélink chappad fiogl thy revaisa fakehnngly Thiscorblpsthe agress roint

the next link. [0092]1f, on the other hand, thF next link is the same
as the sour dRCFtaghts mH|b86r}3-f01mmg gain on the forward link when multiple antennas are

available at the access point.

[00113]  The teachings herein may be incorporated into a node (e.g., a device)
employing various components for communicating with at least one other node. FIG. 6
depicts several sample components that may be employed to facilitate communication
between nodes. Specifically, FIG. 6 illustrates a wireless device 610 (e.g., an access
point) and a wireless device 650 (e.g., an access terminal) of a MIMO system 600. At
the device 610, traffic data for a number of data streams is provided from a data source
612 to a transmit (“TX") data processor 614.

[00114] Insome aspects, cach data stream is transmitted over a respective transmit
antenna. The TX data processor 614 formats, codes, and interleaves the traffic data for
each data stream based on a particular coding scheme selected for that data stream to
provide coded data.

[00115] The coded data for each data stream may be multiplexed with pilot data
using OFDM techniques. The pilot data is typically a known data pattern that is
processed in a known manner and may be used at the receiver system to estimate the

channel response. The multiplexed pilot and coded data for each data stream is then



522, the relay managenent protocol may send the packet back to the
source link (block 524). For exanple, if the relay has a route to the

rel ay corrwepangdiongst o the destination identifier in thesppendst
header, the relay may forward the packet to the appropriate 26

protocol (e.g., IRTP protocol) for that route. Qtherw se, the relay
managenent protocol may discard the packet at block 524. [0093] The
t eachi ngs herein nmay be inplenented in VHr i ous ways in different

i npl enent ati ons. For exanple, various types of identifiers may be
enpl oyed, various techniques may be used to distribute identifiers

t hr oughout : I i ut
traffc thr ouon o el e PP HphH thER aT S AP o B R (IS
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2 switching tags) to route packets in relay cluster. Here, each rel ay
may be assi ggefdloia. Thé daterdtd cadidg,@sd modaltionfor tivh dasl siysm may tbhen be
configured to learn the | P addresses of all of its downstreamrel ays
(e.g., all cfetammed by apgutisngpetfarined hy a gracessat §30. tAdatz mieapryi €32atise t o
switch the packets directly. [0095]1n a cluster with multiple relay
nodes, a rootoTaEwEsEEn ﬁ%ﬁen‘éa’:%ﬁﬁ%ﬁg‘@c‘fﬁ%mf%“ﬁé‘? by tha prasessor 63 arether
packets, or c%(r)n ge{i.nttshﬁrthe %acrg%l gs of these scenarios follow

Initially, opepa?lons re aﬁlné to not routing or forwarding are

descri bed. ﬁ‘ﬁﬁﬁs] Opﬁﬁa&lbm&mmmw%ﬁaﬁ 8 NGk BN E thefl Ego%ar%g(% Rg are

descri bed. en, operations refating to using static _
forwardi ng avigvMdesedehdde 620, Mhidl thit fuREAE OB hRUAkIidsyhbolkSL BY fdray er

3 routing are described. [0096]1n an inplenentation where the root

access poi ntOEDPKEgt $he TXAMEMO puicessor 620 then provides Nr modulation symbol streams to
Nrtransceivers (“XCVR”) 622A through 622T. In some aspects, the TX MIMO
processor 620 applies beam-forming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmiited.
[00117]  Each transceiver 622 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. Nrmodulated signals from transceivers 622A through 622T
are then transmitted from Nr antennas 624A through 624T, respectively.
[00118] At the device 650, the transmitted modulated signals are received by Ny
antennas 652A through 652R and the received signal from each antenna 652 is provided
to a respective transceiver (“XCVR”) 654 A through 654R. Each transceiver 654
conditions (e.g., filters, amplifies, and downconverts) a respective received signal,
digitizes the conditioned signal to provide samples, and further processes the samples to
provide a corresponding “received” symbol stream.
[00119] A receive (“RX”) data processor 660 then receives and processes the Ny
received symbol streams from Ny transceivers 634 based on a particular receiver
processing technique to provide Ny “detected” symbol streams. The RX data processor

660 then demodulates, deinterleaves, and decodes each detected symbol stream to



forward, the foll ow ng address acqui sition sequence nay be enpl oyed.
When a relay wakes up, the relay may send a broadcast DHCP nessage.
The root awoessy/poisnt puts it into an L2TP tunnel and frarvwesz0®/obis7i O
t he access gateway. Return packets conme in an L2TP tunnel,
transmtted over the air by the root access point. [0097] The
foll ow ng address al |l ocati on operations al so may be enpl oyed. The
addresses are allocated by the access gépemay or a DHCP server behind
t he access gateway. Here, the access gateway is the first hop router.
[ 0098] The relay may tunnel packets for relays-in-a-chain in the

cluster. For.&xanpl gariMdud thehe Fl?cg Cfeat ﬂe%%&gi%@yatﬁe k?éd%o?ééﬁry

packets fromthe access termna 27 114 | unne

the relay 1G40@onpkdmdesy el Siaf febfdirhdiby B TX MOBOI loesGRE20 sankd TXThe
packet reaching the root access point 102 thus has two GRE headers.

An advant agelagfprodes®r §thartke devidelfdd. it al | ows each relay to treat
anyt hi ng downstream as an access termnal. A disadvantage of this
scheme is tHA01280di 4 ipensassodie nealadisrlly dotemingd sdichirresedingyoprixtfQoS9] | n

contrast with the abov hene, the root access pojnt nay forward or
rout e packet(glswseﬁﬁ%ﬁﬁa@y.Sf%v\ﬂ@ﬁesaafc@tfgmaﬂaée%ﬁwge e A
poi nt, the root. .N00i Nt . may . own_it.s_ ow). subnet . re. the root

Pocoss poi nt s AEEFRG BT o IRK (RO RS N UBHRIRy 6788y sl prhitedng

subnet . Addre88s @ftal hdldifer b Aol AYeds A hBEALGETD LPIENG nHRARS of RO
DHCP server may |ie el sewhere.
device 650.
[00121] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message is then processed by a TX data processor 638, which also receives traffic data
for a number of data streams from a data source 636, modulated by a modulator 680,
conditioned by the transceivers 654A through 654R, and transmitted back to the device
610.
[00122] At the device 610, the modulated signals from the device 650 are received by
the antennas 624, conditioned by the transceivers 622, demodulated by a demodulator
(“DEMOD”) 640, and processed by a R¥X data processor 642 to extract the reverse link
message transmitted by the device 650. The processor 630 then determines which pre-
coding matrix to use for determining the beam-forming weights then processes the
extracted message.
[00123] FIG. 6 also illustrates that the communication components may include one
or more components that perform relay control operations as taught herein. For
example, a relay control component 690 may cooperate with the processor 630 and/or
other components of the device 610 to send/receive signais to/from another device (e.g.,
device 650) as taught herein. Similarly, a relay control component 692 may cooperate

with the processor 670 and/or other components of the device 650 to send/receive

signals to/from another device (e.g., device 610). It should be appreciated that for each



[ 00100] The root access point may run a routing protocol with the
access gateway and anot her access point (e.g., another root access
poi nt, notwehoosreetrsss FI G 1, connected to the network nadaydsteposzit S
routing protocol is run over the backhaul. An advantage of such a
scenario is that packets nay be routed directly w thout tunnels. This
scenari o may be potentially advantageous _when a |ink exists between
the root access points. A potential di sadvant age of this schene is
that a routing stack nay need to be inplenented in the root access
poi nt. [00101] When a packet is forwarded bel ow the root access

poi nt, a packete A0 dnvid3g 1R fuh&ﬁmﬁl%&r%? Dk Y 0P AU Gl liBed &mﬂ?ﬂ&gfé Hapf

the relay 108. Such a packet nay bé from an access gateway (e.g.,
net wor k nodeebidijdedbytaih gl O@impaaeR s Fosiafible] O Zing[EHeoce ahimycodDdnotk biay
see the I P packet (e.g., after detunneling), and the relay 104 needs
to send t he ppatdeethe fimctidralityaifdlye B8 coffthyl eempaivane) dndrthepraddsiang3 o el
relay 104 to determ ne where to route the packet will now be
descri bed i i# SIGPIOPRSSiRRARTRINER radovevide the fractigpalify plheralanuonvels
Layer 2 (L2) forvvargé'z{%,g %he seco%g schene involves static Layer 3
(L3) forwar §PIEO"Fh BeRTPEFsE0dfe i nvol ves Layer 3 (L3) routing.
[00102] In f i 4 f. . ¢l ust er, und a root
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access point ma net. re, eacf}l]p(ﬁo e |l ear ns
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assigned its own unique MAC identifier). The MAC addresses may be

| ear ned, f orheexampy Bs etisloygl ia astdfislanckeksyblemd@paite PfRppsahe (€. 9., an
L2 protocol such as STP nay be run). Inplenentation of STP nay be

rel atively sptmaiuglsefior widh culiphcesetstiy sbinusgt tbe atudsbla systeerasapodsdey., by 2
forwarding tables may be utilized in this schenme (e.g., inplenented
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this schene,, a DHCP r.equest be transm.tted on all links in
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Bccoss bat evan Sl dRgiiifer, EQUEB e A ETARRE CERM) SrghE e
the node) relauiRECBMALNRICEIIVIALY), idetafid EDMIA Qafc@skAMHikhiSheddgaghg s
the destination relay. Thus, this schenme may enploy a'linkby-Iink

br oadcast necheni(SiSPA,00HSBA+T systeme, Timp [Denieioh duldpis Asccsal{ T@NMAL) ve

transport for packets between relays and between a relay and a root
access poi nsysiems, fecqupmsydyisgionpdpltiple avepess (“EDNAF] systsgh, JiogleGagrier

protocol ma e jn sonme cases. Four identifiers may be used
in these ca?@é%é‘%%@gf*iH@ﬁ?‘i‘l%ic?e‘?i‘,og%“aﬁggeﬂ}‘%fiIBW_SlF’EIé/fH”ilHI? 8rcesan
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hops. | n t hisaanBa8€ su@eshSHedain2000)3s8bs W RMAr epSCOMLVAbtHRede
below it in the tree. As above, this schenme enploys a |ink-by-Ilink
br oadcast nsthdnism (DMAddivtdrbmaytilmplsmsathengionahnasgesnich as Uyiversal an
L2 protocol using |IP addresses. [00106] For a DHCP path in this
schene, wi t Hepestapldiadio Aerem (GUTRA)S cmedd00eofrenie otheptpchnslegy. 10RA s

ccods. pol nilss VAR g La RS GGk oy Vs B THHOD ey eu ke

equest to. SOLRAREdrg LPSsOSRRRR.P A PR RRMER M it oI E b ") o

addr ess 1 et Ygdhfolb@y S8 a§ BISHRNSysBPRR MR IO hniRYRBonsA®GSM”). An OFDMA
network may implement a radio technology such as Evolved UTRA (“E-UTRA™), IEEE
802.11, 1EEE 802.16, IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA, and GSM

are part of Universal Mobile Telecommunication System (“UMTS”). The teachings



owned by the access gateway or by the root access point 102). This
schene is simlar to having a DHCP server on another subnet. [00107]
Here, a DHEBmmpoisse packet may be sent via broadcast dcangsaeoinslsay
108. Thus, this schene may include a broadcast nmechanism [00108] An
| P packet that reaches the root access point 102 is forwarded to the
destination relay. Here, the follow ng node features may be enployed.
Each node knows all of the IP addresses nder it. For exanple, in a
simlar manner as di scussed above for the cluster-specific
identifiers, an I P address table may be nmintained and distributed to

all of the %@Qﬁ?‘mh Pibd #ﬂgvlé}fléfﬁéd‘%ﬁa3ﬁﬁion§%ﬁn ﬁqglﬁtlg??:‘%:l‘ga{é}q@m n Ultra-

forwardi ng table. In sone aspects, this schene es y errp oys an
L2 forwar di ngotiR@Eraaibend (SIME) lshstafl SRS typBY Oy SbAf SLEE & ¥RY s
taken to prevent |oops in the tables. [00108 In L3 routing,

cascadi ng subviEs shamases EeUPRAv iAdéddugdhorertemensyectsalf ahye. didaiosotehesy wotestsibed
each relay owns a subnet. The | P address for each new relay may be

al | ocat ed f ngne BREP sermMalogyhtsto bwaderstgod ta thelteeehmgﬂhagﬁm may bo#npdics

e T BRI BRI, BTl Lo
| ear ned Eacg{(fﬁ(gase H{[n% éf‘g%rf%%k‘}m‘&g‘eg“ ng stack. Packets

are forward rou Wirel ess nmultiple-access
comuni cat i ggoR%pt emeﬁ@%hﬁgﬂ'ér&ﬁ@@a%%@{c&%&’ﬁ% fntcP@rQ“I gfei’HehféH Wi or
multiple wireless access térm nals.” Each term nal rmay conmuni cate

Wi th one or psHEbEncddSRSs Sarfdy O Shp¥iatuséy (8RS Ab&S). ONSo@B afdeetsfHacNa &g and
reverse links. The forward link (or downlink) refers to the

communi cat i ovirdlasakode) onplethentettvessorwica tsthitiee teénbirigs hereimahay, coaplist e
reverse link (or uplink) refers to the communication link fromthe
terminal s t@“f%ﬁap%%fd%%a%ﬁsﬁt@%mﬂ#hl s communi cation |ink may be

bl hed |
Dl e BT e B e s el e b imelemegiat e
system (0041 b A MbELSRLET IR RUS M) (RSNl L 3OS Yt gnnas

and nul tipl e re ant ennas ransm ssi on

channel for rms?bﬂbya hhB81NMbdE, AR EBclstatidh, a@@ﬂm&%ﬁ@&ﬁlme@ﬂaﬁ%m%@)ﬁ e
deconposed into Ns independent channels, which are also referred %

as spatial aehaankbie, orhene ofNsr tsroinholpT, InNBine izplethenfitiérizan Ncess terminal
i ndependent channel s corresponds to a di nension. The M MO system may
provi de i npreAyedmpesd medrluhcéeif(péoge, 2 chiidietelapherou g bssion anitdiktion pgrtead er
reliability) if the addition di mensi onal i ties created bP/ t he

mul ti pl e tr&ndhkPhand ardrdssy Célﬂ?@hhé{guar)étaﬁ?fh |a|p£@analﬂm@tﬂ%f18%nqw MO

a vi ot on dupt R 0- s i s Pediin ore o R Y S PE P e
l'ink transmg ﬁﬂbﬁéﬁp?&éﬁg@’?eﬁ&%o&%d&&Q%l%%%é’ m%&&#oﬂfaa?dlhél t(l‘,r}eh) more

I‘ECIpI‘OCIty pri ows the estimation o or wa
channel fromsidds tHRUEKSEN niafHbeGARRRted i SpiRald.€sa &éﬁi@la@@ﬁ&ﬁ%r Pkt

to extract transmt beamform ng gain on the forward |ink wh

mul ti pl e antpbomass @nguay fi.¢.ablaptopl, atpoaalsde c@ssiupiodtivn.device, a portablc
computing device (e.g., a personal data assistant), an entertainment device (e.g., a music
device, a video device, or a satellite radio), a global positioning system device, or any
other suitable device that is configured to communicate via a wireless medium.
[00127]  An access point may comprise, be implemented as, or known as a NodeB, an

eNodeB, a radio network controller (“RNC*), a base station (“BS*), a radio base station

(“RBS*), a base station controller (“BSC*), a base transceiver station (“BTS*), a



[00113] The teachings herein may be incorporated into a node (e.g., a
devi ce) enploying various conmponents for communicating with at | east
one ot her wadsoodet4Es 6 depicts several sanpl e conponentgctiiboonaiurbe
enpl oyed to facilitate conmuni cati on between nodes. Specifically,

FIG 6 illustrates a wireless device 610 (e.g., an access point) and
a wreless device 650 (e.g., an access termnal) of a M MO system
600. At the device 610, traffic data for3%a nunber of data streams is
provided froma data source 612 to a transmt ("TX') data processor
614. [00114] In sone aspects, each data streamis transmtted over a

respective tfARSNb ﬁﬁ'i@fiﬁ{](f"@F“):rQ?adi@?rﬂlﬁée?ve‘?,raoﬁﬁgﬁ%e@&f}asficogepﬁz: set

codes, and interleaves the traffic data for eac ata stream based on
a parti cul ar(“BSSthng sedhae®sesabeset eESKOY of Pdate ik dinsilak RaMInbReP! OVi de
coded data. [00115] The coded data for each data stream nay be

mul ti pl exed [0128] pi Ingbmd asEciasinede EFDMntaecdsm pojud snay Thmppsd @tacdat aodes
typically a known data pattern that is processed in a known manner
and may be ueedcyrmypigationsEsteer Sugicinageasynedetmnayarevidt dorcaramnls)

response. The nul.tiplLexed pilot and coded data for each data stream
P hen 31 SEUHEDET 1 Pa e gy kbR Rapisdas® ASEE BT & e pht

nodul ation s . BP. M PSK, _.or. M. sel ect.ed for
That  dat o stPanipesFotyvia oot doest bt Phiol kM B R PG
codi ng, and ARdu;al},qn af:&%sﬁﬁl%%a‘}%@ol@ﬁﬁcﬁ@épnﬁgé’(te% HSE&EMARaHYo
instructions performed by a procéssor 630. A data nenory 632 may
store progr atasdactwodat &, somadtiel Aektibralior mMahiditon)setolly bt BE redifcessor
630 or other components of the device 610. [00116] The nodul ati on
synbol s for aklor dethaf $emedsrenayrte fonteble pr,ow saecicases, elaiXe®ppriadessor
620, which may further Erocess t he nodul ati on synbol s (@ig., for

OFDV) . The TNID plsededwsld tsrppicriated prad o mdrelesiodsdery| bstcrpableasinbol
streanms to I}IT trﬁ{.lscei ers (" XC\/%}’@)n t622A thr_ou 6221 | n some .
aspects, the XM RS Hr0LEETEIE! B T BLOBEAIHPH ARG (i R &ited
th nbol d : f i h

e synbol s c%nécns%gtn@s,a%&ﬁ{zgaﬁgﬁ@g%%% 22BEER0A heFe?rg%@ bk he

synbol is being tr t'ted. transceil ver recelr ves
and pr ocessegpaptifREMiHuMRafoNRRHasE doBRIThéms R0\ @R AN RPlicdHibiface
anal og signals, and further conditions (e.g., anplifies, filters, and
upconverts) dohpoasmad)ogeshgndtae via apioavwickhesampdidti. at ed si gnal suitabl e
for transm ssion over the M MO channel. NT nodul ated signals from
transcei ver J0BIBBA t Arvgipdfss BRRTa eonthevicats dmend ertraete frisiashlonantidcatiag
624A thr ougrli@ZEhT rgspectively. [00118] At the device 650, .the
transm tted [sathahee aser! SR QF SthEASS WERSTH Y WYANRWARICEYHioFynEHcapon

t hr ough 652@e&gdiot he rrecgi vled. sgi %al ftrom.e?ch anptenna 65 ig

orovi ded t o SPRORLCETVEIPPISHE SRS &3PCPS LN BRdE NS WERR  Each
transcei ver Qad,tOoRfidhion c(sechgnetwgﬂésr?l@{q (?t};ﬂﬁ?hﬁgcbﬁzﬁ‘ea @eﬁgork orawide area

downconverts) a respective receive gitizes the conditioned

signal to priewéR 3aMpes dedbdmhy Elpp6t oPHBERGSASe biorSANR bES viiRty of
provi de a correspondi ng "recei ved" synmbol stream [00119] A recelve

("RX") dat a wirdcessomubétidnteshnoleges esioarly opstoniasdsasch dsahddR diseased ed
synbol streans from NR transceivers 654 based on a particular
recei ver prdeEss{agy ¢t TiEeAt GFBNMs WFRVIAT WM MV iekil anshaeten). Similarly,
streans. The RX data. processor 660 then denodul at eﬁwdei ntferl eaves,

and decodes EHCHCHSPECTBYSYPRY ST OGprEstHse gne or mote of a varicty of corresponding

modulation or multiplexing schemes. A wireless node may thus include appropriate
components (¢.g., air interfaces) to establish and communicate via one or more wircless
communication links using the above or other wireless communication technologies.

For example, a wireless node may comprise a wireless transceiver with associated



32 recover the traffic data for the data stream The processing by
the RX data processor 660 is conplenentary to that perforned by the
X M MO prwoesean74820 and the TX data processor 614 at gpdweusiemiasir
610. [00120] A processor 670 periodically determ nes which pre-coding
matrix to use (discussed below). The processor 670 formulates a
reverse |link message conprising a matrix index portion and a rank

val ue portion. A data nenory 672 may st ofbe program code, data, and

ot her information used by the processor 670 or other conponents of

t he device 650. [00121] The reverse |ink nessage nmay conprise various

types of i nfpgaRfi-Pihd Sl 'c&ﬂ &Qﬁt% erég 1Mde%rl5ﬁs@6n€)99t{n%r(eg] gigb’?}

recei ved data stream The reve ssage is then proces

TX data progea&aiorsadd signhl Iﬁhceaéoss) thia€ ERIIKAS chmmbhicfidhatar £ Mreldsshienah.
of data streans froma data source 636, nodul ated by a nodul ator 680,

condi ti oned [B§1Xlhe Therwsyenemys desGind hefeironghbShdiR:mand! ih ransety bf edys.
back to the device 610. %00122] At the device 610, the nodul at ed
signal s fromaftiEngia/FIGS. 6500.apearpasesiAP8d 1BY0 arpecrmsertphass: %21115 of

condi ti oned .by the trans ers 622 denod ted b tor
C BaMoD ) 4Rt SRR blrch, 18 sae ras BP%E‘E%’QB%/’I%&%%W 5 Hay be

the reverse ;| jnk IR3S 9 océs%ﬂl% sérg(?nclﬂ}/ gnedo?\ﬁ{oggppégso compRrefe 37 O
Hp d ror-deteP

630 then determnes I'ng na 5% "ise nlnlng

the beam for Bln@gsﬂ/&!sgﬁ@ ﬁm&thﬁ@hﬂ?ro@%%ﬁ@c&%y%ﬁﬁ@ﬁ:%ﬁte%ﬁﬁ@% example,
[00123] FIG 6 also illustrates that the cofmunication conponent s may

i ncl ude one ®lecabiy ritgiene bf Sotchaktgprd fchtusebayn a8y ols difeasseli ons
as taught herein. For exanple, a relay control conponent 690 may
cooper at e wiltekein,ae igegeied sioeuite8gy mnlddor potéreor, Mtvpmmeﬂmsre@fted he
device 610 to send/receive signals to/from another device (

devi ce 650) Ca@ppa@@wr *Pé‘?eéi(ﬁlb“@l’“ﬁil fheraofs The fupetippality of thepe léwk@@ﬁe may

692 may coo rat H cessor 670 d/ ar ot he onents of
the devi co AB0TPIERsH se] YACtERERG & [Pight heotHha RS AR 406 Of Bogp of
devi ce 610) ., éB ﬁ&ﬂHbﬁﬁng @quq& ﬂ%ﬁpgt for each 33 device 610

and 650 the unctlona re of the described conponents

may be provigdgesapy “ﬁh&lp@gﬂaﬁlsmoﬁ@m maf HeR% 3PS Emord n%d'ﬂ%%at may
processi ng conponent may provide the functionality of the rel ay

control conpenent ofdér rard of He fimoiomsderiled @bavedvith ®bangltevqicas gy
conponent provide the functionality of the relay control
conponent 6 gé)r amnglh@npdmﬁgrsigﬁn@g@neans 702 may correspond to, for example, an

identifier determiner as discussed herein. An identifier sending means 704 may
correspond to, for example, a transmitter as discussed herein. A request receiving
means 706 may correspond to, for example, a request processor as discussed herein. A
list providing means 708 may correspond to, for example, a list definer as discussed
hercin. An identifier receiving means 802 may correspond to, for example, an identifier
controller as discussed herein. A packet receiving means 804 may correspond to, for
example, a receiver as discussed herein. A packet processing determining means 806
may correspond to, for example, a packet processor as discussed herein. A request
sending means 808 may correspond to, for example, a request generator as discussed
herein. A list receiving means 810 may correspond to, for example, a list controller as
discussed herein. A packet forwarding means 812 may correspond to, for example, a

packet processor as discussed herein. A routing table defining means 902 may



[ 00124] The teachings herein may be incorporated into various types
of conmmuni cati on systens and/ or system conponents. In sone aspects,
t he teachi wgobameisa may be enpl oyed in a nultipl e- access/sysdoantsT
capabl e of supporting communication with nultiple users by sharing
the avail able systemresources (e.g., by specifying one or nore of
bandw dth, transmt power, coding, inter]_eaving, and so on). For
exanpl e, the teachings herein may be appliied to any one or

conbi nations of the follow ng technol ogies: Code Division Miultiple
Access ("CDVA") systens, Multiple-Carrier CDVA ("MCCDVA'), W deband
CDVA (" W CDNBrrbspotil @) foeR{&HpIEACHK&in El@%l@ﬁr(er'ﬁgsgil'e\zussed}ﬂ%@ﬁ?%rﬂﬁ &%
Time Division Miltiple Access ("TDVA'") systens, Frequency vi sfon
Mil tipl e Acdefsmitionbing Si¢aise08 maHico@tspohedol fol bxmiVh atraRbminMy' )
systens, Othogonal Frequency Division Miltiple Access ("OFDVA")

syst ens, or dotchesed herkini gl st pooelisg euhM06ues cotespbudtioefos example, a list
communi cati on _system enpl oying the teachings herein may be desi gned
to i npl enentdcHR@ 2 dispessed hereindAreatingdelln indermagon seciygaraon] 00250856,
W CDMA, TDSCDMA, a t her standards.. A net ywor k j mpl ement . a
i o 1 echndPHEPoRh i ReeXnF ot Sl mer e P s IAT Sl ALt s X OTRATE
cdma2000, or, ke | , i es. W.CDVA.and, L Chip
Rat e (" Lor ) PHREirRi e 000G Bhresbiid BE ARG, S hi 3o gohee:

| S-856 st andgifigussd HdlYR Agfawed i '

such as d obal Systemfor ﬁ/ibgﬁ ?cgﬁ%@%g%%%ﬁ%%kﬁfwﬁg&g%%we’ !
net wor k may redtplee sediscusset deictn. £ phukel fogyarding meats F08InveEokddRbnd to, for
("E-UTRA"), |EEE 802.11, |EEE 802.16, |EEE 802.20, Flash-OFDMr),
etc. UTRA, Exumpla, 2 paskiet@BMessorapdisausssfl htsiny e saking/oiblel isformation

Tel econmuni cati on System é’ UMIS"). The teachings 34 herein may be

i npl enent ed PRYVaEtmEPRsIR40 Mey SPIasPRA ool exampe, p raytingdalle ggntroller as
Ut ra- Mobi |l g.Broadband (,"UMB"). syste d other t s .of systens.
UTE 1 ot el iResSsPaRr s (R MR Y CRsoE R e AR s
of the disclgsis - | b i 4 [ Lo To VA S I s
be understogd t getr H?ﬁg&?%egg%ﬁdgsgﬂ%érﬁgé frr(}guvn’ar:;@iﬁ gé& egéﬁq]gé&% ()Cbajéglghgto’ for
(Rel99, Re XRampelbpackabfdcetBEMAL@8¥d haginvel | as 3GPP2 (I XATT, |
XEV-DO Rel 0, RevA, RevB) technol ogy and ot her technol ogies. [00125]
The t eachi nd80138t ei nshmayd ipeundacop draatedefendnge (ang:lemdnihtenmiRingd
within or perforned by) a variety of apparatuses (e.g., nodes). In
some aspect giesignation suqheasgirst.3 “socpmnsd, el spdord) daespbiegraerabiyl lift the quantity
accordance with the teachi ngs herei y.conprise an access point or
an access t &ffi %é?fthf%?(?ie%ﬂn%ﬂﬁm@%&ﬂfgg?Sl%tl%dﬁ@ébet USEhhGTEn afdy

conprise, be ] n .or. kn as _user. equi pnent, a subscr.i ber
station, a 38 ‘é%{iegg%‘r@&lﬁgPf&SténgH%E}ng\e{ggts‘Rfeg?| hor 180 ﬁSBefrle %S Oélﬁﬂqué)fan

node, a remienct Al refer& RIS first SR cldncdiRioed &t ?nqgﬁllthat SnlY &S

agent, a user device, or sone other termnology. In s

i mpl enent at iefsRgenBMACKESS)]bRE Midlabr ERthE MFPElbRent angepktddathelsetarhone,
a cordless tel ephone, a session initiation protocol ("SIP') phone, a
wi r el ess | ochimenbimpome Wanhgr. s¥lsd, uoless statqgotbowide adbigiftebimeasshat @ntprise
("PDA"), a handhel d device having w reless connection capability, or
some ot her $Uf PEBPE ghneraés In addidey teminodaeyed thedforn “¢ Ietst wleofsA b e £

Accordingly, one or nore aspects.taught herein _be incorporated
into a phondS{ligdhe descr ‘IOPSF&" Cff’h‘ﬁh@%fﬂ*‘ grﬂ% Orpﬁg%‘ér)y,cogibé‘@%%? ese

(e.g., a lapiQplss2 portable conmunication device, a portable

conputing device (e.g., a personal data assistant), an entertai nnent

devi ce (e. g.[90@B4"USTHosE8MIKALIN tRe Mt A6RdURNIrGEnd Mt iRFoPALRIl Anli SighAd hﬁ%;’

a gl obal positioning systemdevice, or any other suitable device that

i s confi gur éd répesenmirusing aiyeof\ai varisty Wi diffces$ teoRhlopids 4nd bBdihudn FaEcess

poi nt may conprise, be inplenented as, or known as a NodeB, an
example, data, instructions, commands, information, signals, bits, symbols, and chips

that may be referenced throughout the above description may be represented by



[00128] In sone aspects a node (e.g., an access point) nay conprise
an access node for a conmunication system Such an access node nmay
provi de, fwo mosenypise, connectivity for or to a network K@ygs000m3mhde
area network such as the Internet or a cellular network) via a wired
or wireless conmunication link to the network. Accordingly, an access
node may enabl e another node (e.g., an cess termnal) to access a
network or sonme other functionality. In-&ddition, it should be
appreci ated that one or both of the nodes may be portable or, in sone
cases, relatively non-portable. [00129] Also, it should be

appr eci at ed ofiddes Supfehts! @&HroRRERHTRVEE 8RR IR R or gﬁrﬁ?@@obﬁéaﬁ‘ Helds or
and/or receiving information inh a non-wréeless manner (e.g., via a

Wi red connegiattizies, or By SomBiniemehstess. and a transmitter as di scussed
herein may include appropriate conmunication interface conmponents
(e.g., electlp?BEal oFhospoi skal wontdduiflae eprempe Hehtg)ofitie: wolnihustedtiee vi a
a non-w rel ess nmedium [00130] A wirel ess node may communicate via
one or nor e Qi bOSKS, Epdiiehi RseaesOFs. Meps Cirqyis. anf alopetatstens dgpcribed in

ot herwi se support. an uitabl e .wirel ess. co ni cation,technol ogy. For
oxanpl e, i n OBttt B T Ao il fida TP auebiieRbe oS o

network. In h%?d%é@%%gcdtcﬁ%&ﬂ gn[;;(]g&%ﬁ%ﬂﬂg@?@ﬁfp%ﬁleﬁt&igg %lr 2236 egi(r)lerition of

network or a W a networ W T evice nay suppor

ot her Wi se USRe QRS whlich RdyReQesi éﬁ%s[ngtsﬁu@nfz cif £or88 e CAEPHBhE Al QRrious
technol ogi es, protocols, or standards such as those di scussed herein
(e.g., CDVA forth\&prégriior Gsiod Nnkbroraie fstrudiods Gehicithay & Rtdre ky ,
a wreless node nay support or otherw se use one or nore of a variety
of corr espordaiy ferognyandnod s sofward’pir eXrofgvase medws”), & opmbalatiess afode
may thus include_ appropriate conponents (e.g., air interfaces) to
establ i sh am@tfeormuiraTkatestipledhis ierghangerbilityof bardware apdrnfirasarvrgeps

| i nks usi ng .th bove or ather wrel ess.conmunjcation technol.ogjes.
For exanpl e,lﬁlé&r\?\ng ee‘i°§§°§“?f8§iﬁ%§/ OSSP FEWLP \7\?4’ fRsLevs hesh 8551“@%1 g%""f h
associ at ed npg%ﬁerm@ﬁsfg@ﬂ{sto%hmn ARy SO EHIPORE RiRabiidty A fe&%ﬁtgg'ss
vari ous conponent’s (e.g., sighal generators and signa proc%ssors
that facili tiat@ve08MdRtivartdepindeVifsn Be PhitiBhiesHpNBMHoH Thd QBEIbhstHNAs
conponents described herein may be inplenmented in a variety of ways.
Ref erring t ampbd.on7he dv@rallayypammatSkiied affhs-mad0M ciont thedesesibed ed as a
series of interrelated functional blocks. In sone aspects the

functi onal i tiynaionalie tevasyiog keyniy cish Perfishlenenplieatioasbuy syrhdowisientption
system i ncl udi hg one or re processor conponents, In sone aspects
the functi oﬁng‘F‘gﬁs ukdiog eﬁf%&fﬁ?gﬁw%@giaﬁﬁpﬁéﬁ%ﬁnﬁ% thessops; offts present
exanpl e, at di%?o%ﬁrea portion of one or nore integrated circuits (e.g.,
an ASIC). As discussed herein, an integrated circuit may include a

processor, S@f36R" erhell:hiBis 1l ﬁltti?glo%%:gplggimf odf¥s, §[R{;&rcﬁf? I el O

L

t hereof. The functionality o? t hese "bl oc al so may be inplenented in
sone ot her reanNRtoRwith #legRpechatifidied héteit Ay RIMSEEINRAiBM JTPefoRied
t he dashed blocks in FIGS. 7- 10 are optional. [00132] The
appar at uses bpG@-int¢©8Rd wayuii (161" ),0® aooms @rmimel, er moauts poinhaThaiymay
performone or nore of the functions described above with regard to
vari ous fi gUeEPrisqpgengialpypese piprep@britdigita pigerd prasessgr RSENs2n2pRligetign
correspond to, .for exanpl.e,. identifier determ ner as _discussed
nor e an 1saits et i e o p et B o 0% g ot
exanple, a ] L SC rein, A n est _receiVving neans
706 nmay cor F’rgg%%rﬁ]é'%%lg ?ogr?%crieq)éc%a#%ﬁ%:g ggt% rog lgg%sésfbr pl)(r?‘%éé éizsé’ %D’F © tgigé‘ﬁ?flg cussed
herein. A |ighpBh@w, AbabcdRanorkaR, TkaC@rBaRR) thebPmidaPlonSaAtRL & 2
| i st definer as discussed herein. An identifier receiving nmeans 802
may cor r espang coabinktion tRerasitlesignaitoipeddrini fhi dincaiom desdribed hasingimicuss ed
herein. A packet receiving neans 804 may correspond to, for exanple,

execute codes or instructions that reside within the IC, outside of the IC, or both. A

general purpose processor may be a microprocessor, but in the alternative, the processor



[00133] It should be understood that any reference to an el enent
herein using a designation such as "first," "second,” and so forth
does not gEnep@lbséi mt the quantity or order of thosecaiEneons471
Rat her, these designations may be used herein as a conveni ent nethod
of distinguishing between two or nore elenents or instances of an

el ement. Thus, a reference to first and.second el enents does not nean
that only two el enents nay be enpl oyed t3 ere or that the first

el enent nust precede the second clenent in sone manner. Al so, unless
stated otherwi se a set of elements may conprise one or nore el enents.
I'n addi ti onmdyajeihiebRetidihl pro€estd! Mntrdfller] BRScoRRA 1R or ste Bache. &
used in the description or the clainms nmeans "A or B or C or any

conbi nat i on pedceishesey elkebenfmeherft@DikIdombiragen of cosdputihg devidebes. @rd

woul d understand that information and signals nay be represented

usi ng any ofcorbipanéreqfyr P afidf & miceaprocessohrgilagliyof ancoprocdssirgwas or For
exanpl e, data, instructions, commands, information, signals, bits,
synbol s, andURHFPHLORTAASSHR WBIUPEHB BHEHSE KPsugiibtirthehich senigguration.

description e .[r epresent 38.vol t.age currents, . .

e ect r brmondfT7 e LSRRGS el P it Spro S ey Tishh ingnvdilogg
or particle 2 | hatd t, , T il I, woul d
further app?é%cig%tlgg%%%?r{ggénéﬁobfd Hl? ﬁedgg{gr%%uﬁé‘{%?%ﬁ%étdrgggiﬁ Q%ffﬁr%g;leéfétl it

bl ocks, nmOduhesstofd HEEES HeSificB@NSr hishak&iiok Se @iﬂdh@;%]rgwséets MByHeeps
described in connection with the aspects di sc?osed erein may be

i npl enent ed resraegsioviiknemainagdweiiethe acape of ehedirgpictialiscioyplee Maat at i on,
an anal og i npl ementation, or a conbination of the two, which may be
desi gned usiapgprasnyiag Met@i sy proemeclomprip of e Metiaya eleps warseopls drderns
of program or  desi gn code, i ncorcgtf?]r ating_instructions (which may be

: (
referred to?REPENRTMEBY I bmalisdtq die spgeific eisier iperarchy prgsenissh + war e

nodul e"), or, i nati . of ,bot:h., To.cl.early jillustrate tRhis

i nter changeé%ﬂglgfyn@}e @Igﬁlaﬁlsacrletég'_c%br?&r%agfbte\}\%’lpfee,n}ég%f‘iil WAV 0 at% ve
conponent s, R QLKS or MYUhBatiGl EHbE Sif iRSBnSIEPS: PANELAL RLIESH hRed
above generally in tefns of their functionality. Wether such
functional i thg stoSed dirémRsthiacd aver BabEEMRbre Instadtionabiecode peadsmppen t he
particul ar application and design constraints inposed on the overall
syst em Ski Ir¢aldblamedsian Compyter-npliaite niedin hecldies both bedphttngoignabdit ynd n
varying ways for each particular application, but such inplenmentation
deci si ons s leuREnisaEoTECcdintnslgieaEy mediumihgl fagligtcy sgnsiennfa compnict he
scope of the present disclosure, [00136] The, various illustratij.v

oo cal bl oSSR IR Bl Psh i GoHsh R s T B eI URc f

t he aspects .gdi i y | e Bl f.0l

(e aspect s oy SEkAse ek iR TR RIRDL SR R R51 LORTRS.
point. The |kGdaMY nkQBREh SEmfiQFIEVIARORY BERRSNE! OB 8&5¥ lor otheHbHickPisk

si gnal processor (DSP), an application specific integrated circuit
(ASI O, a fiselrdepmogreaotibberagabeother mygnefiPEihgOdevidehar afy OgEanT@Eihe
| ogi c device, discrete gate or transistor logic, discrete hardware
conponent s, tedt eat bd wad toceanp on entesdesiogpt froghmoodp ortbn fosm ofbshastionsbr
conponents, or any conbjnation thereof designed to performthe
functions dée@SITHEHrenanEthpt can by a¢rssred ki 8 GPBDHEH st Py FEMECHONibns
that reside _wt ut si

i the I C f th C t.h. A |
e ose pr oty orka® s S RBIOhedilf. b ¥k e PrdERE e

the process ansrided from a website, server, or other remote source using a coaxial cable, fiber

optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in

the definition of medium. Disk and disc, as used herein, includes compact disc (CD),



may be any conventional processor, controller, mcrocontroller, or
state machine. A processor may al so be inplenmented as a conbination
of conput iwg xevioess, e.g., a conbination of a DSP and wr/us2009/032471

m croprocessor, a plurality of m croprocessors, one or nore

m croprocessors in conjunction with a DSP core, or any other such
configuration. [00137] It is understood that any specific order or

hi erarchy of steps in any discl osed proé@%s is an exanple of a sanple
approach. Based upon design preferences, it is understood that the
specific order or hierarchy of steps in the processes my be

rearranged Wl 8s¢, SpREADHRE, '-&hb&.étmd-%@m FobYediflf &R -ray di:
di scl osure. Tﬁe ;ccgﬁépaanyi ndéélrret h?)d1 cllai p}r’)egfé t 1e enent léayo gct\%hgre

various st epfskk Dsill$ aeppddic G418 mag@dtidal®y, &/hile HisbP@plodhee dag dptigattyeditt 0
the specific order or hierarchy presented. [00138] The functions
descri bed ndgscise Gomplireurens &fdhd abolaslbndl dso I:ohtlvdadeyitlfin thewespe,ofor any
conmbi nation thereof If inplemented in software, the functions may be
stored on orcompHigsFRdatemadiar Inngmunasy.dt sheplddeiansiogiated ithshs compede on
a conputer-re bl e mediu Conput er - r eadabl e, nedi a i ncl udes Qoth
Comput er st GFABECTEID WAY & RRILTFES MGRY ADELE COMBRSEPRGTSEN RGN um
that facilit tr . of ramfromone ace to
e e D) ARSI BE REBUAMLLT AR AR Sy
accessed by RreREBUEEH- thSYt WaKal@for @3ARP bRser@AMcBAle| VIidA MR icaBsER0
RAM ROM EEPROM CD- ROM or

conput er -readabl e nmedi a can conpri se

ot her opt i cahesdiagikcts ol dgeadipgipaichttodhssk sisilled mgRe aF, 2al fRreeh@@net i c
storage devices, or any other nediumthat can be used to carry or
store desi r gdinpipleg definedddesin may hearfpbedtoofthdéraspectsotitbonsdepartidg fram the
structures and that can be accessed by a conputer. Al so, any .
connecti on i560R5 Hsrdiselasuienddusn theompisniedislesyerab net inisadadre szgﬁmted to the
exanple, if the software. i.s transmtt fro website, server, or
other remot BShrbe By e bR Meotdin s A sroog e e B B v 5t e
pair, digital; i L W rel ess technol ogi es such as
infrared, r nggnﬁﬁgiﬁf%E%hggg?&% eﬁi@%%M%oaxial cable, fiber optic
cable, twisted pair, DSL, or wreless technol ogi es such as infrared,
radi o, and m crowave are included in the defmtion of medium Disk
and disc, as used herein, includes conpact disc (CD), 40 |aser disc,
optical disc, digital versatile disc (DVD), floppy disk and blu-ray
di sc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Conbinations of the above
shoul d al so be included wthin the scope of conputer-readabl e nedia.
In summary, it should be appreciated that a conputer-readabl e nedi um
may be inplenented in any suitabl e conputer-program product. [00139]
The previous description of the disclosed aspects is provided to
enabl e any person skilled in the art to nmake or use the present

di scl osure. Various nodifications to these aspects will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects w thout departing from
the scope of the disclosure. Thus, the present disclosure is not
intended to be limted to the aspects shown herein but is to be
accorded the w dest scope consistent with the principles and novel
features disclosed herein. 41 CLAIMS 1. A nmethod of communi cati on,
conprising: defining an identifier for a wireless relay node, wherein
the identifier is defined for use wwthin a set of wireless relay
nodes to uniquely identify the wireless relay node within the set;
sending the identifier to the wireless relay node; and providing a
list to each wireless relay node in the set, wherein the |ist
conprises the identifiers of each wireless relay node in the set. 2.



3. The method of claim2, wherein the second identifier for the
wireless relay node is an Internet Protocol address of the wreless
relay node. 4. The nmethod of claiml1l, wherein the identifier is
defined to facilitate forwarding conp e[\ssed packets between the

wi rel ess relay nodes of the set. Tﬂ'he met hod of claim1l1, wherein a
singl e root access point provides a networ k attachnent poi nt for the
wi reless relay nodes of the set. 6¢cprigigrethod of claim 1, wherein
each of the wireless relay nodes of the set use a first type of
wireless fe f .
R b e e S A A L i S
identifi enOdesWheTemrtbdlden‘ﬂﬁemq deimed for vag withinhesen i eirdss rciejr aydenode

connecting_.to an W reless, re of the .se The et hod
ool a m Soioel? RRBHE e Bt GoBY withl o o RS P O e 1 1 e
fromthe \Mr‘élébmliayl‘neﬁa)én&@ﬂﬁldzﬁg’l@hﬁlt@ eachRErdiele Rdlhy ARl ih thedef WRadin N
response to the receipt of the request and the request conpri ses

anot her i &St §quapisgs the lentifigra pEeash W@Iek)ﬁs Fréayenodgirethgiset- t he anot her
identifier uniquely identifies the wireless relay node within a
network. 42 9. An apparatus for conmunication, conprising: an

i dentifieb H@fmﬁéfpd efodiingly Néldreumthdedmnﬁelam agsdeiateil friitra seamdadeitifiet &
rel ay nod lefin use within a set
of wirel e§%1 e Iﬁnpﬁ%e etge “el% Siraﬁé“llﬂ?d? Hgﬁ’fllafv?‘ﬁ{% wirel ess relay node
Wi thin the set; a transm’tter configured to send the identifier to

the wirel ess rel no , a.list defiper _configured to define a
i st conp?i @}ed’@et%f’e i q*é?ﬁén@ﬁ seeoif 195 Berdesthe giigleshistay Node tsaa

set, wher ﬁitan&tfr@otbsma&?e&stcﬁfthé»%wélegsr@ﬁyns&mfI gured to send the |ist
to each wireless rel ay node in the set 10. The apparatus of claim

9, wherein the identifier is associ ated with a second identifier that

uni quel'y hdﬁ{yﬁéthgds of chaunV\f Rw%lele'\e%ns the 1Aen¥ﬁfr:]101(sj ﬁef‘z’%e&i% ?acﬁitﬁeetfgl\p\%'[alkding

compressed packets between the wireless relay nodes of the set.

5. The method of claim 1, wherein a single root access point provides a network

attachment point for the wireless relay nodes of the set.

6. The method of claim 1, wherein each of the wireless relay nodes of the set use a first
type of wireless technology to provide access for access terminals and to provide

backbone connectivity.

7. The method of claim 1, wherein the identifier is defined in conjunction with the

wireless relay node connecting to another wireless relay node of the set.

8. The method of claim 1, further comprising receiving a request for the identifier from
the wireless relay node, wherein: the identifier is defined in response to the receipt of the
request; and the request comprises another identifier of the wireless relay node, wherein

the another identifier uniquely identifies the wireless relay node within a network.



11. The apparatus of claim 10, wherein the second identifier for the
wireless relay node is an Internet Protocol address of the wreless
relay node. 12. The apparatus of claim9, wherein the identifier is
defined to facilitate forwarding conpq?ssed packets between the
wirel ess relay nodes of the set. 13. The apparatus of claim?9,
wherein a single root access point provides a network attachnent

poi nt f or 9t ke appataleBscdminayictRACSonristdde ad RlentifickdefidddRoAPRRAMERHUS Of
claim?9, @/h rein eagh of the wireless relay nodes of the set use a
c

first typéctyre apiidapdesior aghmssoannedproiaree: the eakfliardy defined & use f
L _ Feg . e
term nal syang 4 Q¢ B 9168 raiégh&féei%‘os &g%eg@gm w&éessm@%ﬁgm@efﬁﬁmhe

claim9, wherein the identitier conjunctio
Wi rel ess el alyansodeer corrmictd thgendohantsntifier toiheeliedsss rébayodeoael fistt he

set. 16. ,The rat,us ,of claim9, .furthe rLsi .a, request

pr ocessord%f{c])nr?f ?‘g‘gﬁ%é“ci’d# %d?fté%ee% l\llséc%{n?lésdlﬂ%ti‘f” eBﬁg?qﬁB Fa&g%flfeﬁsﬁw?yr‘m‘?ﬁ he
Wi r el ess irethayetnokleein Wk ishittel lefuitlanbhfigged ioses®fhe MetoieAcH RREERSE
to the rec?ipt of the request; and the request conprises another

i dent i fi efe'&fnodfén g peft ess rel ay node, wherein the another identifier
uniquely identifies the 43 wireless relay node within a network.

17. An apparatus for communi cation, conprising: neans for defining an
i dent i fi et0.fldwe agpagitnepiecdainy Biveherano the idaptiéreis nssotiaed ivdthra setorekidergifier
defined fgr i, thi et.of wireless relay nodes to uniquely

i dentify ateﬁ%&?e\ie\gf }éiggtgﬁegltlzeywﬁ% S ey H?‘?\e Yﬁlgngé‘f’&o rans for sending
the identifier to the wireless relay node; and neans for providing a
list to e W rel ess | ay. node in the set, wherein the |ist )
conpri ses?f-hm@eiaa%w Pfgj%mb’fa @g?é{?i%hﬁ‘ sreond ideafifisr farihe wissleshislayaode is

an Internet Protocol address of the wireless relay node.

12. The apparatus of claim 9, wherein the identifier is defined to facilitate forwarding

compressed packets between the wireless relay nodes of the set.

13. The apparatus of claim 9, wherein a single root access point provides a network

attachment point for the wireless relay nodes of the set.

14. The apparatus of claim 9, wherein cach of the wireless relay nodes of the set use a
first type of wireless technology to provide access for access terminals and to provide

backbone connectivity.

15. The apparatus of claim 9, wherein the identifier is defined in conjunction with the

wireless relay node connecting to another wireless relay node of the set.

16. The apparatus of claim 9, further comprising a request processor configured to
receive a request for the identifier from the wireless relay node, wherein: the identifier is
defined in response to the receipt of the request; and the request comprises another

identifier of the wireless relay node, wherein the another identifier uniquely identifies the



18. The apparatus of claim 17, wherein the identifier is associated
with a second identifier that uniquely identifies the wireless rel ay
node within a network. 19. The apparatus of claim 18, wherein the
second identifier for the wireless relsgy node is an Internet Protocol
address of the wireless relay node. 20. The apparatus of claim17,
wherein the identifier is defined to facilitate forwardi ng conpressed
packet s beirdesireladi@odd with@ssnetwdrly nodes of the set. 21. The
apparatus of claim 17, wherein a single root access point provides a
network attachnent point for the wireless relay nodes of the set.

22. The appaipdpparatls t5l @nfhdnicativh! Sfﬁ{-ﬁi‘i_sﬁ@?ﬁeﬁfs f&%ﬁ\‘ﬂr%‘%h‘?&e%ﬁlﬁgll 1%}1%

nodes of the set use a first type of wreless technology to provide
access f owiglessashynedarivhgren: draiidediffer ovdefiscdtor kirowishio arsatedftwivilesy relay
23. The a foolatm 17 . wherein e identifjer is.defined, in
conj unct i %ga%\gmi ‘fglﬁg'%éy %ﬁﬁé é%esw?éﬁﬁsasfglﬁ%aé&c%ﬁlﬁgé %555 BPS00 P FAdmE the

W rel ess ideht@ffernode vafeldshesl®eiode; ddl. mdhe fapparnidihg s lief to ehah Wirdldss relay
further conpr.isin ans for. receiving a request for the identifier
fromthe W éPéléfs*%Fg*ﬁa’gﬁnh@ail?t %ﬁ@ﬂ‘lé?%ge tdﬁ%ﬂﬁg% GaEy @fireless WEWINRde I n
response fgsthe recei pt of the request; and the request conprises
another identifier of the wireless 44 relay node, wherein the

anot her identifier uniquely identifies the wireless relay node within

a networ k18. The apparatus of claim 17, wherein the identifier is associated with a second identifier

that uniquely identifies the wireless relay node within a network.,

19. The apparatus of claim 18, wherein the second identifier for the wireless relay node is

an Internet Protocol address of the wireless relay node.

20. The apparatus of claim 17, wherein the identifier is defined to facilitate forwarding

compressed packets between the wireless relay nodes of the set.

21. The apparatus of claim [7, wherein a single root access point provides a network

attachment point for the wireless relay nodes of the set.

22. The apparatus of claim 17, wherein each of the wireless relay nodes of the set use a
first type of wireless technology to provide access for access terminals and to provide

backbone connectivity.

23. The apparatus of claim 17, wherein the identifier is defined in conjunction with the

wireless relay node connecting to another wireless relay node of the set.

24. The apparatus of claim 17, further comprising means for receiving a request for the
identifier from the wireless relay node, wherein: the identifier is defined in response to

the receipt of the request; and the request comprises another identifier of the wireless



25. A conput er-program product, conprising: non-transitory

conput er - r eadabl e medi um conpri sing code for causing a conputer to:
define an identifier for a wreless relay node, wherein: the
identifier is defined for use within ayset of wireless relay nodes to
uniquely identify the wireless relay node within the set; send the
identifier to the wireless relay node; and provide a |ist to each

Wi rel ess febdyajodaosdertin the@othet idenkres @hiduélpeddntifibs tﬁ@mﬁreleféﬁéiatyhﬁde
|dent|f|ers of each V\nreless relay node in the set. 26. The

conput er - Pt ’é‘raa‘fﬁt‘ﬁ?r duct of claim 25, wherein the identi f| er is
associated with a second identifier that uniquely identifies the
wireless relay node within a network. 27. The conputer-program
product of5.& etmipg;progremgirpduch sompogingt liOdermi;ifdr}Ecompmel‘eﬂaadahiermécém

node, " 2ac iRl B b A Rl B LG e er ey iR i ode,

i denti fi ewhérein: &eflddmﬁeﬂ\ﬂs defiesidor eeayithisl est om%&bﬂela@hlﬁdésdﬁﬂhiqﬁbl
is defined for use thlna et. of wireless_ relay_nodes to uniquely
i dentify ’t%ﬁ’é“ itheyir %SéPléggmf Wihin thsst; ﬁ%@#lﬁlqeﬁéﬁ@‘é? theyveigedesy rley a

list of igdenthdid ﬁf)ﬁdéQElsﬁé‘éEthWl'%éEs%%aaf%&Xnﬁ%ds%t Wefeﬂ?th@ﬁté‘tcscngltppsgsn g

receiving a packet froma second wreless relay node

det er mi ni thy idraifiers oppasbeviselesh eelronmicvethepaicket  based on the
identifier and the list. 29. The nethod of claim 28, wherein: the
packet conprises a conpressed header and a wirel ess relay node

i denti fi e2q. Thadompetcdpiogram p‘zathhcmnf claiﬂpr seferdetteidaniiisgis Whetaea withe

wireless rela ode._ i nt|f| e i es heflrst Wi rel ess rel ay
node.  30° SerAk High d‘@@&lﬂ&? PHAZ’@UP 15k ?@’iﬂﬁ eEhielaydods Withias nshvork.
conprises electing to deconpress the packet if the wireless relay
node identifier identifies the first wireless relay node. 31. The
met hod of 2& [T seipputeinpreseimprofct dbeleinn? G atticonn themprond édentifiectvi thg t o

forward t@ﬁ‘ele?&%eﬂ?%ggé is aL hrltgl%e a%o%lcgl Ga?d{egg. &l %grglelssdr%f]grln%her does not

identify t Irst wreless re

28. A method of communication, comprising: receiving an identifier for a first wireless
relay node, wherein: the identifier is defined for use within a set of wireless relay nodes
to uniquely identify the first wireless relay node within the set; receiving a list of
identifiers for each wireless relay node in the set; receiving a packet from a second
wireless relay node of the set; and determining how to process the received packet based

on the identifier and the list.
29. The method of claim 28, wherein: the packet comprises a compressed header and a
wireless relay node identifier; and the determination comprises determining whether the

wireless relay node identifier identifies the first wireless relay node.

30. The method of claim 29, wherein the determination comprises electing to decompress

the packet if the wireless relay node identifier identifies the first wireless relay node.

31. The method of claim 29, wherein the determination comprises electing to forward the



32. The nethod of claim 28, wherein the identifier is associated with
a second identifier that uniquely identifies the first wireless relay
node within a network. 33. The nmethod of claim 32, wherein the
second identifier for the first wirelegs relay node is an Internet

"~ Protocol address of the first wireless relay node. 34. The nethod of
claim 28, wherein a single root access point provides a network

at t achnmenpadiet ifithefvairelésh ecluy n@leadeantifiet does nodidentdy tHearstS@iveless 38ay ddiR.
met hod of claim 28, wherein each of the wireless relay nodes of the
set use a first type of wireless technology to provide access for
access  t esmiTRliNetBRoflhiRBY WHEeDARK RN & RRESLAY bhh a sd@nd IGrifier
met hod of claim28, the identifier is received in conjunction W th
the first that weiesdy destifigs thobst woplssoeiangodowithie asetionkl. wirel ess rel ay
node. 37. The nethod of claim 28, further conprising sending a
request for the identifier, wherein: the request conprises another

i dent i fi eB3.dfhetrhehdd sflaimi32eivhasinrtet segombidentifean dortthefign®irbiess relay node

identifier uniquely identifies_.the first wireless relay node within a
netvior k. 1538 I0AHToL Bioiical S O (6 s TLEASH B BSRpr | | ng:an

identifier controller configured to receive an identifier for a first
wireless relay node, wherein: the identifier is defined for use
within a 3&tThsmetheddisdsm28) wheraindesingloroghhesassi ppint geavides p netyerk i r st

wirel ess Eﬁcﬁ%eg%%&%}tﬁg? g,hteﬂ:gﬁl%ﬁ&;no ﬁléfﬁﬁe sfe?.”t roller configured to

receive a li1st of rdentifiers tor "each wireléss relay node in the
set; a receiver configured to receive a packet froma second wrel ess

I d t he, set. .and _a packet processor copfiguyred to determ ne
now 1o pr Sade TP phTR b ephaahe Sl Rt e e st
list. 39¢ Ibewaamm&mlc%g 16 b e 38cesyR hbiels telhiBaR KR pr6RAPT | Ses a

conpressed header and a
backbone connectivity.

36. The method of claim 28, the identifier is received in conjunction with the first

wireless relay node connecting to the second wireless relay node.

37. The method of claim 28, further comprising sending a request for the identifier,
wherein: the request comprises another identifier of the first wireless relay node; and the

another identifier uniquely identifies the first wireless relay node within a network.

38. An apparatus for communication, comprising: an identifier controller configured to
receive an identifier for a first wireless relay node, wherein: the identifier is defined for
use within a set of wireless relay nodes to uniquely identify the first wireless relay node
within the set; a list controller configured to receive a list of identifiers for each wireless
relay node in the set; a receiver configured to receive a packet from a second wireless
relay node of the set; and a packet processor configured to determine how to process the

received packet based on the identifier and the list.

39. The apparatus of claim 38, wherein: the packet comprises a compressed header and a



wireless relay node identifier; and the determ nation conprises
determ ni ng whether the wireless relay node identifier identifies the
first wireless relay node. 40. The apparatus of claim 38, wherein
the identifier is associated with a segond identifier that uniquely
identifies the first wireless relay node within a network. 41. The
apparatus of claim40, wherein the second identifier for the first
W r el ess wetleys mhgeodsidantifiar axinkd ddeotictioh camigries sefmintig Whetlsd the
wireless relay node.  42. .é’he apparatus of claim 38, further

conpri si nalrﬁlegserﬁ Y Jpdeyidng E‘trbéenggﬁ%tﬁggf%anﬁe S$EHY 9df-equest for the
identifier, wherein: the request conprises another identifier of the
first wireless relay node; and the another identifier uniquely

i dent i fi ed0-tIihe apparaips of ¢laimedss whereinytha gdatififtip psociated b ralsecondddentifier
appar at us &]&% L.eat i i.SLNg. far ei ving an

identifi etrhtdﬁg}l a1 I rIa gt%tgﬁ%g\gggé%s%ﬂggﬁ%?@gﬁgﬁ glletn“:%? ‘he identifier
is defined for use within a set of wireless relay nodes to uniquely

identify first wwreless relay.node withjn the set; means fo
recei vi ngageﬁlﬁe&’mﬁmf' et Sl &Sé?ﬁnéﬂﬁéilé%‘?ff”i P51 NS Flathe
set; meangodeGs ak BEGhMIMEGtodol RAGKAL offtkOffsBwTEe@NElaYb&l. €SS rel ay node
of the set; and neans for determ ning how to process the received

packet based on the identifier and the list. 44. The apparatus of

cl ai m 43, ;»WAgLeLNY FSRITPLA .
W rel ess Zr‘él af%h%aégth?gfe‘ﬂfﬁﬁlﬁér ; an%&;ﬁlﬁ%]%eatc%gﬁrgsgg%l%%ﬁé}gggn% g e% fnd
det er mi ni mgpquise fdrehe tdaatifiviry ehasis: the kayen odiepricks nhothérddentidiensf the st t he

first wireless rel ay nod 45. The aratus.of .claim.43, wherejn

the'i dent T Er TGy 3B e gtamen g AR Rl fr Sh Rtk
i denti fi egoden@itih b Sbtwakle.el ess relay node within a network. 46. The
apparatus of claim45, wherein the second identifier for the first

wireless relay node is an Internet Protocol address of the first

wirel ess gglgy aﬂﬂsggﬁls fOI'A'c%mmunication, comprising: means for receiving an identifier for a
first wireless relay node, wherein: the identifier is defined for use within a set of wireless
relay nodes to uniquely identify the first wireless relay node within the set; means for
receiving a list of identifiers for each wireless relay node in the set; means for receiving a
packet from a second wireless relay node of the set; and means for determining how to

process the received packet based on the identifier and the list.

44. The apparatus of claim 43, wherein: the packet comprises a compressed header and a
wireless relay node identifier; and the determination comprises determining whether the

wireless relay node identifier identifies the first wireless relay node.

45. The apparatus of claim 43, wherein the identifier is associated with a second identifier

that uniquely identifies the first wireless relay node within a network.

46. The apparatus of claim 45, wherein the second identifier for the first wireless relay

node is an Internet Protocol address of the first wireless relay node.



47. The apparatus of claim 43, further conprising neans for sending a
request for the identifier, wherein: the request conprises another
identifier of the first wireless relay node; and the another
identifier uniquely identifies the fiyst wireless relay node within a
network. 48. A conputer-program product, conprising: non-transitory
conput er - r eadabl e medi um conpri sing code for causing a conputer to:
recei ve ad7.iThenppdrates off adaimad 3, furtier vommiseomeank &y sawdieg a wlyaeifor:thd he

identifier,is._defined for use within a set. . of. wire|ess rel npdes to
uni quel y 9GRS vﬂﬁrﬁat i FACSHPRPHES a%ﬁ%wdm&sr %1 %flhﬂ ifeleelay .
recei ve apddeshndhe hitiRRMdriddngifisr ﬁrﬁcﬁueg,asaemmeg B8t WliaY r819¢ SoddWikig a
set; receive a packet froma second wireless relay node of the set;

and det er Aterkhow t o process the received packet based on the
identifier and the list. 49. The conputer-program product of claim
48, wherein: the packet conprises a conpressed header and a wirel ess
rel ay nod48.iAdentmift¢rgrogramcprodiet, demeprisihgraivharnganp cosgderdetdibia medignm
whet her the wirele sfrel ay node identifier identjfies tihe first

Wi rel ess FRFBHATRRIAS foreatsing & Compuiciilereararatrpisalice b1 Hrdehidy
wherei n t hglel 48BkInt tHRNddnSifiesis Aefiaddedr WetWlifn 8 84 N ikl ahingtestbat
uniquely identifies the first wireless relay node wthin a network.

51. The conpurlepepiilyghafispraelgesrclsy nedariupthe sshaecsive alife oSidewifigrs

i dentifieg,.f i A S .r i I P |
address o the YRISE S nE R HRCRE £1R0R 0p AL Mt AL B RER
product obf tht aitnand8ictemherceion: totpheessahe teceaimed paskyt baomniput the ideatiiiaihé
medi umfug_‘;tlefje{1 conprises code for causing the conputer to send a
request f Phe identifier; the request conprises another identifier
of the first wireless relay node; and the another identifier uniquely
identifies the first wireless relay node within a network.

49, The computer-program product of claim 48, wherein: the packet comprises a
compressed header and a wireless relay node identifier; and the determination comprises
determining whether the wireless relay node 1dentifier identifies the first wireless relay

node.

50. The computer-program product of claim 48, wherein the identifier is associated with

a second identifier that uniquely identifies the first wireless relay node within a network.

51. The computer-program product of claim 50, wherein the second identifier for the first

wireless relay node is an Internet Protocol address of the first wireless relay node.

52. The computer-program product of claim 48, wherein: the non-transitory computer-
readable medium further comprises code for causing the computer to send a request for
the identifier; the request comprises another identifier of the first wireless relay node; and

the another identifier uniquely identifies the first wireless relay node within a network.



