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ABSTRACT 

Embodiments of methods and apparatus for providing an 
integrated multi-hop routing and cooperative diversity sys 
tem are generally described herein. Other embodiments may 
be described and claimed. 
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METHODS AND APPARATUS FOR 
PROVIDING AN INTEGRATED MULTI-HOP 
ROUTING AND COOPERATIVE DIVERSITY 

SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuation of US. 
patent application Ser. No. 11/206,494, ?led Aug. 17, 2005, 
entitled “METHODS AND APPARATUS FOR PROVID 
ING AN INTEGRATED MULTI-HOP ROUTING AND 
COOPERATIVE DIVERSITY SYSTEM,” the entire disclo 
sure of which is hereby incorporated by reference. 

TECHNICAL FIELD 

[0002] The present disclosure relates generally to wireless 
communication systems, and more particularly, to methods 
and apparatus for providing an integrated multi-hop routing 
and cooperative diversity system. 

BACKGROUND 

[0003] As wireless communication becomes more and 
more popular at of?ces, homes, schools, etc., the demand for 
resources may cause network congestions and slowdowns. To 
reduce performance degradations and/ or overload conditions, 
a wireless mesh network may be implemented in a wireless 
communication system. In particular, a wireless mesh net 
work may include two or more nodes. If one node fails to 
operate properly, the remaining nodes of a wireless mesh 
network may still be able to communicate with each other 
either directly or through one or more intermediate nodes. 
Accordingly, a wireless mesh network may provide multiple 
paths for a transmission to propagate from the source to the 
destination. Thus, a wireless mesh network may be a reliable 
solution to support the increasing demand for wireless com 
munication services. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a schematic diagram representation of an 
example wireless communication system according to an 
embodiment of the methods and apparatus disclosed herein. 
[0005] FIG. 2 depicts an example wireless mesh network 
operating in accordance with a multi-hop routing protocol. 
[0006] FIG. 3 is a block diagram representation of an 
example routing table of a communication node associated 
with the example wireless mesh network of FIG. 2. 
[0007] FIG. 4 depicts an example wireless mesh network 
operating in accordance with a cooperative diversity protocol. 
[0008] FIG. 5 is a block diagram representation of an 
example cooperation table of a communication node associ 
ated with the example wireless mesh network of FIG. 4. 
[0009] FIG. 6 is a block diagram representation of an 
example communication node. 
[0010] FIG. 7 is a block diagram representation of an 
example protocol stack associated with the example commu 
nication node of FIG. 6. 

[0011] FIG. 8 depicts an example integrated multi-hop 
routing and cooperative diversity system. 
[0012] FIG. 9 is a block diagram representation of an 
example routing table of the example communication node of 
FIG. 6. 
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[0013] FIG. 10 is a block diagram representation of an 
example cooperation table of the example communication 
node of FIG. 6. 
[0014] FIG. 11 is a ?ow diagram representation of one 
manner in which the example communication node of FIG. 6 
may be con?gured to provide an integrated multi-hop routing 
and cooperative diversity system. 
[0015] FIG. 12 is a block diagram representation of an 
example processor system that may be used to implement the 
example communication node of FIG. 6. 

DETAILED DESCRIPTION 

[0016] In general, methods and apparatus for providing an 
integrated multi-hop routing and cooperative diversity sys 
tem are described herein. The methods and apparatus 
described herein are not limited in this regard. 
[0017] Referring to FIG. 1, an example wireless communi 
cation system 100 including a wireless mesh network 110 is 
described herein. In one example, the wireless mesh network 
110 may be an extended service set (ESS) mesh network 
based on developments by the Institute of Electrical and Elec 
tronic Engineers (IEEE). The wireless mesh network 110 
may include a plurality of mesh nodes 120, generally shown 
as 121, 122, 123, 124, and 125. Although FIG. 1 depicts ?ve 
mesh nodes, the wireless mesh network 110 may include 
additional or fewer mesh nodes. 
[0018] As described in detail below, the plurality of mesh 
nodes 120 may include access points, redistribution points, 
end points, and/or other suitable connection points for traf?c 
?ows via mesh paths having multiple hops. One or more of 
the plurality of mesh nodes 120 may also be operatively 
coupled to a common public or private network such as the 
Internet, a telephone network, a local area network (LAN), a 
cable network, and/or another wireless network via connec 
tion to an Ethernet, a digital subscriber line (DSL), a tele 
phone line, a coaxial cable, and/or any wireless connection, 
etc. Accordingly, the wireless mesh network 110 may be 
implemented to provide a wireless personal area network 
(WPAN), a wireless local area network (WLAN), a wireless 
metropolitan area network (WMAN), a wireless wide area 
network (WWAN), and/ or other suitable wireless communi 
cation networks. 
[0019] The plurality of mesh nodes 120 may use a variety of 
modulation techniques such as spread spectrum modulation 
(e.g., direct sequence code division multiple access (DS 
CDMA) and/or frequency hopping code division multiple 
access (FH-CDMA)), time-division multiplexing (TDM) 
modulation, frequency-division multiplexing (FDM) modu 
lation, orthogonal frequency-division multiplexing (OFDM) 
modulation, multi-carrier modulation (MDM), and/or other 
suitable modulation techniques to communicate via wireless 
links. In one example, one or more of the plurality of mesh 
nodes 120 may implement OFDM modulation to transmit 
large amounts of digital data by splitting a radio frequency 
signal into multiple small sub-signals, which in turn, are 
transmitted simultaneously at different frequencies. In par 
ticular, the plurality of mesh nodes 120 may use OFDM 
modulation as described in the 802.xx family of standards 
developed by the Institute of Electrical and Electronic Engi 
neers (IEEE) and/or variations and evolutions of these stan 
dards (e.g., 802.11x, 802.15, 802.16x, etc.) to communicate 
via wireless links. 
[0020] For example, the plurality of mesh nodes 120 may 
operate in accordance with the 802.16 family of standards 
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developed by IEEE to provide for ?xed, portable, and/or 
mobile broadband wireless access (BWA) networks (e. g., the 
IEEE std. 802.16, published 2004). The plurality of mesh 
nodes 120 may also use direct sequence spread spectrum 
(DSSS) modulation (e.g., the IEEE std. 802.11b) and/or fre 
quency hopping spread spectrum (FHSS) modulation (e.g., 
the IEEE std. 802.11). Although the above examples are 
described above with respect to standards developed by 
IEEE, the methods and apparatus disclosed herein are readily 
applicable to many speci?cations and/or standards developed 
by other special interest groups and/or standard development 
organizations (e.g., Wireless Fidelity (Wi-Fi) Alliance, 
Worldwide Interoperability for MicrowaveAccess (WiMAX) 
Forum, Infrared Data Association (IrDA), Third Generation 
Partnership Project (3GPP), etc.). For example, the plurality 
of mesh nodes 120 may also operate in accordance with other 
suitable wireless communication protocols that require very 
low power such as Bluetooth®, Ultra Wideband (UWB), 
and/ or radio frequency identi?cation (RFID) to communicate 
via wireless links. 
[0021] Alternatively, the plurality of mesh nodes 120 may 
communicate via wired links (not shown). For example, the 
plurality of mesh nodes 120 may use a serial interface, a 
parallel interface, a small computer system interface (SCSI), 
an Ethernet interface, a universal serial bus (U SB) interface, 
a high performance serial bus interface (e.g., IEEE 1394 
interface), and/ or any other suitable type of wired interface to 
communicate. 

[0022] In addition to the wireless mesh network 110, the 
wireless communication system 100 may include other com 
munication networks. In one example, the wireless commu 
nication system 100 may include a basic service set (BSS) 
network (not shown). One or more of the plurality of mesh 
nodes 120 may communicate with an access point (AP) asso 
ciated with the BSS network. The BSS network may include 
one or more stations. For example, a station associated with 
the BSS network may be a wireless electronic device such as 
a laptop computer, a handheld computer, a tablet computer, a 
cellular telephone (e.g., a smart phone), a pager, an audio 
and/ or video player (e.g., an MP3 player or a DVD player), a 
gaming device, a digital camera, a navigation device (e.g., a 
GPS device), a wireless peripheral (e.g., a headset, a key 
board, a mouse, etc.) and/or other suitable mobile or portable 
electronic devices. In another example, one or more of the 
plurality of mesh nodes 120 may operate as an AP associated 
with the BSS network (e.g., a mesh AP). Thus, the mesh AP 
may be a part of the wireless mesh network 110 and the BSS 
network. 

[0023] The wireless communication system 100 may also 
include one or more radio access networks (RANs) such as a 

cellular radio network (not shown). The RAN may include 
one or more base stations, and other radio components nec 
essary to provide wireless communication services. The base 
stations may operate in accordance with the applicable stan 
dard(s) for providing wireless communication services. That 
is, the base stations of the RAN may be con?gured to operate 
in accordance with one or more of several wireless commu 

nication protocols. 
[0024] In particular, the wireless communication protocols 
may be based on analog, digital, and/or dual-mode commu 
nication system standards that use multiple access techniques 
such as frequency division multiple access (FDMA), time 
division multiple access (TDMA), and/ or code division mul 
tiple access (CDMA). For example, the wireless communi 
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cation protocols may include Global System for Mobile 
Communications (GSM), Wideband CDMA (W-CDMA), 
General Packet Radio Services (GPRS), Enhanced Data 
GSM Environment (EDGE), Universal Mobile Telecommu 
nications System (UMTS), High-Speed Downlink Packet 
Access (HSDPA), variations and evolutions of these stan 
dards, and/or other suitable wireless communication stan 
dards. 
[0025] Further, the wireless communication system 100 
may include other wireless personal area network (WPAN) 
devices, wireless local area network (WLAN) devices, wire 
less metropolitan area network (WMAN) devices, and/or 
wireless wide area network (WWAN) devices such as net 
work interface devices and peripherals (e.g., network inter 
face cards (NICs)), access points (APs), gateways, bridges, 
hubs, etc. to implement a cellular telephone system, a satellite 
system, a personal communication system (PCS), a two-way 
radio system, a one-way pager system, a two-way pager sys 
tem, a personal computer (PC) system, a personal data assis 
tant (PDA) system, a personal computing accessory (PCA) 
system, and/or any other suitable communication system (not 
shown). Accordingly, the wireless communication system 
100 may be implemented to provide WPANs, WLANs, 
WMANs, WWANs, and/or other suitable wireless communi 
cation networks. Although certain examples have been 
described above, the scope of coverage of this disclosure is 
not limited thereto. 
[0026] In the example of FIG. 2, a wireless mesh network 
200 operating in accordance with a multi-hop routing proto 
col may include a plurality of mesh nodes 205, generally 
shown as 210, 220, 230, 240, 250, 260, and 270. Although 
FIG. 2 depicts sixteen communication nodes, the wireless 
mesh network 200 may include additional or fewer commu 
nication nodes. 
[0027] A multi-hop routing protocol (e.g., Ad-Hoc On-De 
mand Distance Vector (AODV) routing protocol or Destina 
tion-Sequenced Distance Vector (DSDV) routing protocol) 
may identify a route across the wireless mesh network 200 
over which a packet may be forwarded from node to node. In 
one example, the mesh node 210 may be the source node (S), 
and the mesh node 270 may be the destination node (D). The 
multi-hop routing protocol may identify a route 290 (e.g., 
shown by solid arrows) including multiple hops from the 
source node 210 to the destination node 270 (e. g., the hop 294 
between the mesh nodes 240 and 250). 
[0028] The multi-hop routing protocol may be based on 
tables such that each of the plurality of mesh nodes 205 may 
include a routing table (e.g., one shown as 300 in FIG. 3). As 
described in detail below, the routing table may include rout 
ing information such as destination node information, next 
hop information, metric information, and/or other suitable 
routing information. 
[0029] Turning to FIG. 3, for example, the routing table 300 
of the mesh node 240 may include information indicating that 
the destination node is the mesh node 270 via the route 290. 
The routing table 300 may also include information indicat 
ing that the next hop from the mesh node 240 to the mesh node 
270 is the mesh node 250. Further, the routing table 300 may 
include information indicative of a characteri stic/ condition of 
the route 290 to compare to other routes. In particular, the 
metric information may indicate a hop count from one node to 
another. For example, the metric information may indicate 
that the mesh node 240 is three hops from the mesh node 270. 
In addition or alternatively, the metric information may 
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include information indicate an estimate transmission count 
(ETX) and/ or an end-to-end success rate. 

[0030] In the example of FIG. 4, a wireless mesh network 
400 operating in accordance with a cooperative diversity 
protocol may include a plurality of mesh nodes 405, generally 
shown as 410, 420, 430, 440, 450, 460, and 470. Although 
FIG. 4 depicts sixteen communication nodes, the wireless 
mesh network 400 may include additional or fewer commu 
nication nodes. 

[0031] The cooperative diversity protocol may identify two 
or more of the plurality of mesh nodes 405 to transmit a 
packet simultaneously to a distant node (e.g., candidate 
nodes). In one example, the mesh nodes 450 and 480 may be 
candidate nodes (C) of the mesh node 440, the mesh node 460 
may be a target node (T), and the mesh node 470 may be the 
destination node (D). In particular, the target node 460 may be 
a distant neighbor node relative to the mesh node 440 en route 
to the destination node 470. The candidate nodes 450 and 480 
may be neighbor nodes relatively closer to the mesh node 440 
than the target node 460. Thus, the candidate nodes 450 
and/or 480 may cooperate with the mesh node 440 to com 
municate with the target node 460. For example, the mesh 
node 440 may forward a packet to the candidate node 450 via 
the link 494 and/ or to the candidate node 480 via the link 495. 

[0032] As described in detail below, the mesh node 440 
may select the candidate nodes 450 and/or 480 to operate as 
cooperator node(s). When both the mesh node 440 and the 
cooperator node(s) (e.g., selected candidate node(s) 450 and/ 
or 480) have the packet, the mesh node 440 and the cooperator 
node(s) may cooperate by transmitting the packet simulta 
neously to the target node 460. For example, the mesh node 
440 and the candidate node 450 may simultaneously transmit 
a packet to the target node 460. In another example, the mesh 
node 440 and both candidate nodes 450 and 480 may simul 
taneously transmit a packet to the target node 460. 

[0033] The mesh node 440 may include a cooperation table 
(e. g., one shown as 500 in FIG. 5) to identify and select one or 
more cooperator nodes based on the plurality of candidate 
nodes. In particular, the cooperation table may include coop 
eration information such as neighbor node information, coop 
erator node information, metric information, and/ or other 
suitable cooperation information. 

[0034] Referring to FIG. 5, for example, the cooperation 
table 500 of the mesh node 440 may indicate that the mesh 
node 460 may be a target node for the mesh node 440. The 
cooperation table 500 may also indicate a cooperator node, if 
any, to the target node 460. Further, the cooperation table 500 
may provide information indicative of a characteristic/condi 
tion of each path to the target node 460 (i.e., with or without 
cooperation from a cooperator node). 

[0035] In one example, the cooperation table 500 may pro 
vide information indicative of link quality associated with 
cooperative diversity. In particular, the cooperation table 500 
may indicate the link quality of each path to the target node 
460. For example, the cooperation table 500 may indicate that 
the link quality of the link 496 (e.g., from the candidate node 
450 to the target node 460) is ?fteen decibels (15 dB), and the 
link quality of the link 497 (e. g., from the candidate node 480 
to the target node 460) is twenty dB (20 dB). The cooperation 
table 500 may also indicate the link quality of a path from the 
mesh node 440 to the target node 460. For example, the 
cooperation table 500 may indicate that the link quality of the 
link 498 is ten dB (10 dB). 
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[0036] Based on the cooperation table 500, the mesh node 
440 may select the candidate node 480 as the cooperator node 
instead of the candidate node 450 because of the link quality 
of the link 497 is better than the link quality of the link 496. 
The mesh node 440 may forward a packet to the cooperator 
node 480 via the link 495. Accordingly, the mesh node 440 
and the cooperator node 480 may transmit the packet simul 
taneously to the target node 460. 
[0037] In another example, the mesh node 440 may coop 
erate with both the candidate nodes 450 and 480 to commu 
nicate with the target node 460 (i.e., the mesh node 440 may 
select both candidate nodes 450 and 480 to operate as coop 
erator nodes). Thus, the mesh node 440 may forward a packet 
to the cooperator node 450 via the link 494 and to the coop 
erator node 480 via the link 495. The mesh node 440 and the 
cooperator nodes 450 and 480 may transmit the packet simul 
taneously to the target node 460. 
[0038] As described above, a plurality of communication 
nodes may operate in accordance with a multi-hop routing 
protocol to forward a packet sequentially from one commu 
nication node to another until the destination node receives 
the packet. For example, a communication node may transmit 
a packet to a neighbor node (e. g., the next hop of a multi-hop 
route), which in turn, forwards the packet to another node. 
The multi-hop routing protocol may increase end-to-end 
range and/or reliability. However, the multi-hop routing pro 
tocol may be limited to a particular range for each hop. 
[0039] With a cooperative diversity protocol, two or more 
communication nodes may transmit simultaneously (or con 
currently) and independently to allow a relatively distant 
node to receive a transmission. For example, a communica 
tion node may transmit a packet to a neighbor node (e.g., the 
next hop of a multi-hop route). The communication node and 
the neighbor node may cooperate with each other to forward 
the packet to the distant node. Thus, the cooperative diversity 
protocol may extend the transmission range at a particular 
transmission power or vice versa. However, the cooperative 
diversity protocol may provide numerous candidates for a 
particular communication node to cooperate with to reach the 
distant node. 
[0040] Based on signal propagation, node topology, and/or 
other condition/characteristic of a wireless communication 
network, either the multi-hop routing protocol or the coop 
erative diversity protocol may be more effective. Accord 
ingly, the methods and apparatus described herein may pro 
vide an integrated multi-hop routing and cooperative 
diversity system that may operate in accordance with a multi 
hop routing protocol and a cooperative diversity protocol to 
identify an optimal path to route a packet. The methods and 
apparatus described herein are not limited in this regard. 
[0041] In the example of FIG. 6, an integrated multi-hop 
routing and cooperative diversity system 600 may include a 
plurality of communication nodes 605, generally shown as, 
610, 620, 630, 640, 650, 660, 670, and 680.Although FIG. 6 
depicts sixteen communication nodes, the integrated multi 
hop routing and cooperative diversity system 600 may 
include additional or fewer communication nodes. 

[0042] Turning to FIG. 7, a communication node 700 of the 
integrated multi-hop routing and cooperative diversity sys 
tem 600 (e.g., the communication node 640 of FIG. 6) may 
include a communication interface 710, a node identi?er 720, 
a node selector 730, a path selector 735, and a memory 740. 
Although FIG. 7 depicts components of the communication 
node 700 coupling to each other via a bus 750, these compo 
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nents may be operatively coupled to each other via other 
suitable direct or indirect connections (e.g., a point-to-point 

connection). 
[0043] The communication interface 710 may include a 
receiver 712, a transmitter 714, and an antenna 716. The 
communication interface 710 may receive and/or transmit 
data via the receiver 712 and the transmitter 714, respectively. 
The antenna 716 may include one or more directional or 

omni-directional antennas such as dipole antennas, monopole 
antennas, patch antennas, loop antennas, micro strip antennas, 
and/or other types of antennas suitable for transmission of 
radio frequency (RF) signals. Although FIG. 7 depicts a 
single antenna, the communication node 700 may include 
additional antennas. For example, the communication node 
700 may include a plurality of antennas to implement a mul 
tiple-input-multiple-output (MIMO) system. 
[0044] As described in detail below, the node identi?er 720 
may identify a target node. In particular, the target node may 
be associated with a path from the communication node 
toward a destination node of a multi-hop route. The node 
selector 730 may select one or more neighbor nodes (e.g., 
candidate node(s)) so that the communication node 700 and 
the selected one or more neighbor nodes (e.g., cooperator 
node(s)) may operate cooperatively to communicate with the 
target node. The path selector 735 may select a sub-path (e. g., 
either a multi-hop routing sub-path or a cooperative diversity 
sub-path) to route a packet from the communication node 700 
toward the destination node. 

[0045] The memory 740 may store a routing table 760 and 
a cooperation table 770. The routing table 760 may include 
routing information such as destination node information, 
next hop information, metric information, and/or other suit 
able routing information. The cooperation table 770 may 
include cooperation information such as neighbor node infor 
mation, cooperator node information, metric information, 
and/or other suitable cooperation information. Although the 
above example describes the memory 740 storing tables, 
other suitable data structures (e.g., lists, arrays, etc.) may be 
used to store routing and cooperation information in the 
memory 740. 

[0046] While the components shown in FIG. 7 are depicted 
as separate blocks within the communication node 700, the 
functions performed by some of these blocks may be inte 
grated within a single semiconductor circuit or may be imple 
mented using two or more separate integrated circuits. For 
example, although the receiver 712 and the transmitter 714 
are depicted as separate blocks within the communication 
interface 710, the receiver 712 may be integrated into the 
transmitter 714 (e.g., a transceiver). In another example, 
although the node identi?er 720 and the node selector 730 are 
depicted as separate blocks, the node identi?er 720 and the 
node selector 730 may be integrated into a single component. 

[0047] To select dynamically a path to route a packet based 
on a multi-hop routing protocol and a cooperative diversity 
protocol, the communication node 700 may include a proto 
col stack based on the Open Systems Interconnection (OSI) 
Reference Model (e.g., the protocol stack 800 of FIG. 8). 
Referring to FIG. 8, for example, the protocol stack 800 may 
include an application layer 810, a transport layer 820, a 
multi-hop routing layer 830, a media access address (MAC) 
layer 840, and a physical (PHY) layer 850. Although FIG. 8 
depicts a particular number of protocol layers, the protocol 
stack 800 may include additional or fewer protocol layers. 
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[0048] The application layer 810 may enable applications 
to access network services. In particular, the application layer 
810 may perform common application services for applica 
tion processes. For example, the application layer 710 may 
include protocols such as Hypertext Transfer Protocol 
(HTTP), File Transfer Protocol (FTP), Telnet, Simple Mail 
Transfer Protocol (STMP), Simple Network Management 
Protocol (SNMP), Network Time Protocol (NTP), Network 
File System (NFS), X400, X500, etc. 
[0049] The transport layer 820 may establish sessions and 
ensure reliability of data ?ow. In particular, the transport layer 
820 may provide transparent transfer of data between end 
users. For example, the transport layer 820 may include pro 
tocols such as Net Basic Input/Output System (BIOS) 
Extended User Interface (NetBEUI), Sequence Packet 
Exchange (SPX), User Datagram Protocol, Transmission 
Control Protocol (TCP), etc. 
[0050] In general, the multi-hop routing layer 830 (i.e., 
network layer) may handle link services, and addressing, 
routing, and error checking functions. For example, the multi 
hop routing layer 830 may include protocols such as Net 
BEUI, Internet Packet Exchange (IPX), Internet Protocol 
(IP), AODV, DSDV, etc. As described in detail below, the 
multi-hop routing layer 830 may operate to identify a target 
node for the communication node 700 and determine whether 
to forward a packet to the target node via a multi-hop routing 
sub-path or a cooperative diversity sub-path. 
[0051] The MAC layer 840 (i.e., data link layer) may trans 
fer data between network entities, and correct errors that may 
occur in the PHY layer 850. For example, the MAC layer 840 
may include protocols such as Ethernet, Token Ring, Fiber 
Distributed Data Interface (FDDI), Point-to-Point Protocol 
(PPP), Frame Relay, High-Level Data Link Control (HDLC), 
Asynchronous Transfer Mode (ATM), X25, Carrier Sense 
Multiple Access (CSMA), CSMA with Collision Avoidance 
(CSMA/CA), CSMA with Collision Detection (CSMA/CD), 
etc. 

[0052] The PHY layer 850 may establish and terminate a 
connection to a communication medium. In particular, the 
PHY layer 850 may perform services requested by the MAC 
layer 840. For example, the PHY layer 850 may include 
protocols such as RS-232, DSL, Integrated Services Digital 
Network (ISDN), Tl, OFDM, etc. 
[0053] Although the above examples may describe particu 
lar protocols for the protocol layers of the protocol stack 800, 
each protocol layer may include other suitable protocols. For 
example, the MAC layer 840 and the PHY layer 850 may 
include other suitable wired or wireless protocols. 
[0054] The protocol stack 800 may also include a coopera 
tive diversity layer 860. The cooperative diversity layer 860 
may be operatively coupled to the MAC layer 840 and inde 
pendent of the multi-hop routing layer 830. In one example, 
the cooperative diversity layer 860 may integrated with the 
MAC layer 840 and/or the PHY layer 850, and the multi-hop 
routing layer 830 may be stacked above the MAC layer 840. 
As described in detail below, the multi-hop routing layer 830 
may request a packet to be sent to a neighbor node of the 
communication node 600 (e.g., the next hop). The coopera 
tion layer 860 may use the cooperation table 770 to determine 
the cooperation, if any, required to reach the neighbor node 
selected by the multi-hop routing layer 830. 
[0055] By integrating multi-hop routing and cooperative 
diversity, the multi-hop routing layer 830 may identify a 
particular target for the cooperation layer 860, which may 
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reduce the resource needed to search for cooperator node(s) to 
form a sub-path of a path from the communication node 700 
toward the destination. In turn, the cooperation layer 860 may 
provide a greater selection of paths for the multi-hop routing 
layer 830. 
[0056] While the components shown in FIG. 8 are depicted 
as separate blocks within the protocol stack 800, the functions 
performed by some of these protocol layers may be integrated 
within a single protocol layer or may be implemented using 
two or more separate protocol layers. For example, although 
the multi-hop routing layer 830 and the MAC layer 840 are 
depicted as separate blocks within the protocol stack 800, the 
multi-hop routing layer 830 may be integrated into the MAC 
layer 840 as long as the cooperative diversity layer 860 is 
independent of the multi-hop routing layer 830. In one 
example, the multi-hop routing layer 830 may be integrated 
into an upper portion of the MAC layer 840 whereas the 
cooperative diversity layer 860 may be integrated into a lower 
portion of the MAC layer 840. The methods and apparatus 
described herein are not limited in this regard. 
[0057] Referring back to FIG. 6, each of the plurality of 
communication nodes 605 may operate in accordance with a 
multi-hop routing protocol (e.g., AODV, DSDV, etc.) to iden 
tify a route from a source node to a destination node. In one 

example, the communication node 610 may be a source node 
(S) and the communication node 870 may be a destination 
node (D). A multi-hop route from the source node 610 to the 
destination node 670 may include links 691, 692, 693, 694, 
696, and 699 (e.g., a multi-hop routing sub-path). 
[0058] As noted above, the communication node 640 may 
determine that the communication node 650 is the next hop 
for the communication node 640 toward the communication 
node 670. Accordingly, the communication node 640 may 
update a corresponding routing table (e.g., the routing table 
760 ofFIG. 9). In the example ofFIG. 9, the routing table 760 
may indicate the link quality (e.g., signal strength) and/or 
other suitable metric information of the link between the 
communication nodes 640 and 650. Although FIG. 9 depicts 
one entry, the routing table 760 may include additional 
entries. 

[0059] Further, each of the plurality of communication 
nodes 605 may operate in accordance with a multi-hop rout 
ing protocol to identify a target node (T) (e.g., a two-hop 
neighbor node). For example, the node identi?er 720 (e. g., via 
the multi-hop routing layer 830) may identify the target node 
for the communication node 700. In a unidirectional route, a 
communication node may have one two-hop neighbor node. 
In one example, the communication node 660 may be a two 
hop neighbor node of the communication node 640 (e. g., via 
a path through the communication node 650 selected by the 
multi-hop routing layer 83 0). Alternatively, in a bi-directional 
route, a communication node may have two two-hop neigh 
bor nodes. 

[0060] To identify the target node, each of the plurality of 
communication nodes 605 may transmit a broadcast message 
indicating a corresponding one-hop neighbor node. For 
example, the communication node 700 (e.g., via the commu 
nication interface 710) may transmit the broadcast message. 
In one example, the communication node 650 may periodi 
cally transmit a broadcast message indicating that the com 
munication node 660 is the next hop for the communication 
node 650 toward the communication node 670 (i.e., the com 
munication node 660 is the corresponding one-hop neighbor 
node of the communication node 650). The communication 
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node 640 may receive the broadcast message from the com 
munication node 650 because the communication node 640 is 
a neighbor node of the communication node 650. 
[0061] In one example, the multi-hop routing layer 830 of 
the communication node 700 may provide the identity of the 
two-hop neighbor node (e. g., the communication node 660 of 
FIG. 6) to the cooperative diversity layer 860. The two-hop 
neighbor node may become the target node for the coopera 
tive diversity layer 860, which attempts to create a link to the 
target node by cooperating with one or more neighbor nodes 
(i.e., candidate nodes (C)). 
[0062] The node selector 730 (e.g., via the cooperative 
diversity layer 860) may select one or more candidate nodes 
to operate as cooperator node(s) based on metric information 
to reach a target node. For example, the cooperative diversity 
layer 860 may identify one or more neighbor nodes associ 
ated with a condition indicative of a strong communication 
link with the communication node 640 as candidate node(s) 
(e.g., a high signal-to-noise ratio (SNR), a link that supports 
high bit rates, etc.). The cooperative diversity layer 860 may 
select one or more of the candidate node(s) to operate as the 
cooperator node(s). In particular, the communication node 
640 and the cooperator node(s) may operate cooperatively to 
communicate with the target node 660. Accordingly, the 
cooperative diversity layer 860 may add an entry associated 
with each of the selected cooperator node(s) to a correspond 
ing cooperative diversity table (e. g., the cooperative diversity 
table 770 of FIG. 10). 
[0063] Turning to FIG. 10, for example, the cooperation 
table 770 may include one or more entries to provide coop 
eration information such as neighbor node information, coop 
erator node information, metric information, and/ or other 
suitable cooperation information. Although FIG. 10 depicts 
three entries, the routing table 770 may include additional or 
fewer entries. 
[0064] In one example, the entry 1010 may provide link 
quality information associated with the link 696 between the 
candidate node 650 and the target node 660 if the communi 
cation node 640 and the candidate node 650 operate coopera 
tively to communicate with the target node 660. In another 
example, the entry 1 020 may provide link quality information 
associated with the link 697 between the candidate node 680 
and the target node 660 if the communication node 640 and 
the candidate node 680 operate cooperatively to communi 
cate with the target node 660. The cooperation table 770 may 
also provide link quality information associated with a link 
without the assistance of a cooperator node. For example, the 
entry 1030 may provide link quality information associated 
with the link 698 between the communication node 640 and 
the target node 660 (e.g., the communication node 640 
directly communicating with the target node 660). 
[0065] The communication node 640 may select the candi 
date node 680 to operate as a cooperator node because the 
cooperation table 770 may indicate that cooperation with the 
candidate node 680 provides better link quality (e.g., a total of 
30 dB with 20 dB from the link 697 and 10 dB from the link 
698) than either cooperation with the candidate node 650 or 
without cooperation (e. g., 25 dB and 10 dB, respectively). 
The communication node 640 may operate cooperatively 
with the cooperator node 680 to communicate with the target 
node 660. In one example, the communication node 640 may 
forward a packet to the cooperator node 680. Accordingly, the 
cooperator node 680 and the communication node 640 may 
transmit the packet simultaneously to the target node 660 via 
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the links 697 and 698, respectively. The packet may reach the 
target node 660 with a combined signal strength of thirty dB 
(e.g., 20 dB from the link 697 and 10 dB from the link 698). 
Thus, the packet may propagate from the source node 610 to 
the destination node 670 via a multi-hop route including links 
691, 692, 693, and 699 as well as a link formed through 
cooperative diversity by combining links 697 and 698. Thus, 
the multi-hop route described above may represent a hybrid 
route resulting from a combination of multi-hop routing and 
cooperative diversity. 
[0066] At each hop, the path selector 735 (e.g., via the 
multi-hop routing layer 830) may choose a sub-path (e.g., 
either the multi-hop routing sub -path or the cooperative diver 
sity sub-path) to route the packet from the communication 
node 700 toward the destination node 670. As noted above, 
the multi-hop routing layer 830 identi?ed the multi-hop rout 
ing sub-path, which includes cooperation between the links 
694 and 696. The cooperative diversity layer 860 identi?ed 
the cooperative diversity sub-path, which includes coopera 
tion between the communication node 640 and candidate 
node(s) 650 and/or 680. 
[0067] FIG. 11 depicts one manner in which the example 
communication node 700 of FIG. 7 may be con?gured to 
operate in a cooperative routing system. The example process 
1100 of FIG. 11 may be implemented as machine-accessible 
instructions utiliZing any of many different programming 
codes stored on any combination of machine-accessible 
media such as a volatile or nonvolatile memory or other mass 

storage device (e.g., a ?oppy disk, a CD, and a DVD). For 
example, the machine-accessible instructions may be embod 
ied in a machine-accessible medium such as a programmable 
gate array, an application speci?c integrated circuit (ASIC), 
an erasable programmable read only memory (EPROM), a 
read only memory (ROM), a random access memory (RAM), 
a magnetic media, an optical media, and/or any other suitable 
type of medium. 
[0068] Further, although a particular order of actions is 
illustrated in FIG. 1 1, these actions may be performed in other 
temporal sequences. Again, the example process 1100 is 
merely provided and described in conjunction with the com 
munication node 700 of FIG. 7 as an example of one way to 
con?gure a communication node to operate to provide the 
integrated multi-hop routing and cooperative diversity sys 
tem 800 of FIG. 8. 

[0069] In the example of FIG. 11, the process 1100 may 
begin with the communication node 700 (e.g., via the node 
identi?er 720 of FIG. 7 and the multi-hop routing layer 830 of 
FIG. 8) identifying and selecting the best next hop toward the 
destination (block 1110). For example, the communication 
node 700 may identify and select a neighbor node associated 
with a link quality relative better than other neighbor nodes of 
the communication node 700. Accordingly, the communica 
tion node 700 (e.g., via the multi-hop routing layer 830 of 
FIG. 8) may update the routing table 760 (block 1120). The 
communication node 700 (e. g., via the multi-hop routing 
layer 830 of FIG. 8) may identify a target node toward the 
destination, which may be a two-hop neighbor on a selected 
multi-hop routing sub-path (block 1130). 
[0070] The communication node 700 (e.g., via the coopera 
tive diversity layer 860 of FIG. 8) may select a candidate node 
to operate as a cooperator node to communicate with the 
target node (block 1140). The communication node 700 (e. g., 
via cooperative diversity layer 860 of FIG. 8) may determine 
whether the candidate node may communicate with the target 
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node (block 1150). If the communication node 700 may reach 
the target node via the candidate node, the communication 
node 700 (e.g., via the node selector 730 of FIG. 7) may add 
an entry associated with the candidate node to the cooperation 
table 770 (block 1160). In particular, the entry may indicate 
that the candidate node may operate as a cooperator node. The 
entry may also provide metric information associated with 
the link between the cooperator node and the destination 
node. Accordingly, the communication node 700 (e.g., via the 
cooperation layer 860 of FIG. 8) may notify the multi-hop 
routing layer 830 of a new cooperative diversity sub-path to 
the target node (block 1170). Control may return to the multi 
hop routing layer 830 to block 1110. The multi-hop routing 
layer 83 0 may determine whether to use the multi-hop routing 
sub-path or the cooperative diversity sub-path as the next hop 
toward the destination node. In one example, the multi-hop 
routing layer 830 may choose to use the path with better 
metrics (e.g., a link condition/characteristic such as bit error 
rate, total power consumption, etc.). 
[0071] Turning back to block 1150, if the communication 
node 700 cannot reach the target node via the candidate node, 
the communication node 700 may determine whether addi 
tional candidate nodes are available (block 1180). For 
example, if the communication node 700 is unable to transmit 
a packet to the target node with cooperation from a candidate 
node, the communication node 700 may attempt to reach the 
target node via other candidate nodes. If additional candidate 
nodes are available, control may return to block 1140. Oth 
erwise if no additional candidate node is available, control 
may return to the multi-hop routing layer 830 at block 1130. 
[0072] While the methods and apparatus disclosed herein 
are described in FIG. 11 to operate in a particular manner, the 
methods and apparatus disclosed herein are readily appli 
cable without certain blocks depicted in FIG. 11. In addition, 
while FIG. 11 depicts particular blocks, the actions per 
formed by some of these blocks may be integrated within a 
single block or may be implemented using two or more sepa 
rate blocks. 

[0073] Further, although the methods and apparatus dis 
closed herein are described with respect to wireless mesh 
networks the methods and apparatus disclosed herein are 
readily applicable to many other types of wireless communi 
cation networks. For example, the methods and apparatus 
disclosed herein may be applied to WPANs, WLANs, 
WMANs, WWANs, and/ or broadband wireless access 
(BWA) networks. In one example, the methods and apparatus 
disclosed herein may be applicable to access points and/or 
base stations. The methods and apparatus described herein 
are not limited in this regard. 

[0074] FIG. 12 is a block diagram of an example processor 
system 2000 adapted to implement the methods and appara 
tus disclosed herein. The processor system 2000 may be a 
desktop computer, a laptop computer, a handheld computer, a 
tablet computer, a PDA, a server, an Internet appliance, and/ or 
any other type of computing device. 
[0075] The processor system 2000 illustrated in FIG. 12 
includes a chipset 2010, which includes a memory controller 
2012 and an input/output (I/O) controller 2014. The chipset 
2010 may provide memory and I/O management functions as 
well as a plurality of general purpose and/or special purpose 
registers, timers, etc. that are accessible orused by a processor 
2020. The processor 2020 may be implemented using one or 
more processors, WLAN components, WMAN components, 
WWAN components, and/or other suitable processing com 
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ponents. For example, the processor 2020 may be imple 
mented using one or more of the Intel® Pentium® technol 
ogy, the Intel® Itanium® technology, the Intel® CentrinoTM 
technology, the Intel® XeonTM technology, and/or the Intel® 
XScale® technology. In the alternative, other processing 
technology may be used to implement the processor 2020. 
The processor 2020 may include a cache 2022, which may be 
implemented using a ?rst-level uni?ed cache (Ll), a second 
level uni?ed cache (L2), a third-level uni?ed cache (L3), 
and/ or any other suitable structures to store data. 

[0076] The memory controller 2012 may perform func 
tions that enable the processor 2020 to access and communi 
cate with a main memory 2030 including a volatile memory 
2032 and a non-volatile memory 2034 via a bus 2040. The 
volatile memory 2032 may be implemented by Synchronous 
Dynamic Random Access Memory (SDRAM), Dynamic 
Random Access Memory (DRAM), RAMBUS Dynamic 
RandomAccess Memory (RDRAM), and/or any other type of 
random access memory device. The non-volatile memory 
2034 may be implemented using ?ash memory, Read Only 
Memory (ROM), Electrically Erasable Programmable Read 
Only Memory (EEPROM), and/or any other desired type of 
memory device. 

[0077] The processor system 2000 may also include an 
interface circuit 2050 that is coupled to the bus 2040. The 
interface circuit 2050 may be implemented using any type of 
interface standard such as an Ethernet interface, a universal 
serial bus (USB), a third generation input/output (3GIO) 
interface, and/ or any other suitable type of interface. 
[0078] One or more input devices 2060 may be connected 
to the interface circuit 2050. The input device(s) 2060 permit 
an individual to enter data and commands into the processor 
2020. For example, the input device(s) 2060 may be imple 
mented by a keyboard, a mouse, a touch-sensitive display, a 
track pad/ball, an isopoint, and/or a voice recognition system. 

[0079] One or more output devices 2070 may also be con 
nected to the interface circuit 2050. For example, the output 
device(s) 2070 may be implemented by display devices (e. g., 
a light emitting display (LED), a liquid crystal display (LCD), 
a cathode ray tube (CRT) display, a printer and/or speakers). 
The interface circuit 2050 may include, among other things, a 
graphics driver card. 
[0080] The processor system 2000 may also include one or 
more mass storage devices 2080 to store software and data. 
Examples of such mass storage device(s) 2080 include ?oppy 
disks and drives, hard disk drives, compact disks and drives, 
and digital versatile disks (DVD) and drives. 
[0081] The interface circuit 2050 may also include a com 
munication device such as a modem or a network interface 

card to facilitate exchange of data with external computers via 
a network. The communication link between the processor 
system 2000 and the network may be any type of network 
connection such as an Ethernet connection, a digital sub 
scriber line (DSL), a telephone line, a cellular telephone 
system, a coaxial cable, etc. 

[0082] Access to the input device(s) 2060, the output 
device(s) 2070, the mass storage device(s) 2080 and/or the 
network may be controlled by the I/O controller 2014. In 
particular, the I/ O controller 2014 may perform functions that 
enable the processor 2020 to communicate with the input 
device(s) 2060, the output device(s) 2070, the mass storage 
device(s) 2080 and/or the network via the bus 2040 and the 
interface circuit 2050. 
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[0083] While the components shown in FIG. 12 are 
depicted as separate blocks within the processor system 2000, 
the functions performed by some of these blocks may be 
integrated within a single semiconductor circuit or may be 
implemented using two or more separate integrated circuits. 
For example, although the memory controller 2012 and the 
I/ O controller 2014 are depicted as separate blocks within the 
chipset 2010, the memory controller 2012 and the I/O con 
troller 2014 may be integrated within a single semiconductor 
circuit. 
[0084] Although certain example methods, apparatus, and 
articles of manufacture have been described herein, the scope 
of coverage of this disclosure is not limited thereto. On the 
contrary, this disclosure covers all methods, apparatus, and 
articles of manufacture fairly falling within the scope of the 
appended claims either literally or under the doctrine of 
equivalents. For example, although the above discloses 
example systems including, among other components, soft 
ware or ?rmware executed on hardware, it should be noted 
that such systems are merely illustrative and should not be 
considered as limiting. In particular, it is contemplated that 
any or all of the disclosed hardware, software, and/or ?rm 
ware components could be embodied exclusively in hard 
ware, exclusively in software, exclusively in ?rmware or in 
some combination of hardware, software, and/or ?rmware. 

1-30. (canceled) 
31. A method comprising: 
receiving, at a ?rst node of a wireless network, data for a 

?rst transmission to a second node of the wireless net 
work over a ?rst direct wireless link; and 

transmitting, from the ?rst node of the wireless network, 
the data from the ?rst node to the second node substan 
tially simultaneously with a second transmission of the 
data from a third node of the wireless network to the 
second node over a second direct wireless link. 

32. The method of claim 31, wherein the wireless network 
is a third generation partnership project (3GPP) wireless net 
work. 

33. The method of claim 32, wherein the ?rst transmission 
and the second transmission are downlink transmissions of 
the 3GPP wireless network. 

34. The method of claim 31, further comprising receiving, 
at the ?rst node, the data from a fourth node of the wireless 
network. 

35. The method of claim 31, further comprising transmit 
ting, by the ?rst node, the data from the ?rst node to the third 
node prior to the ?rst transmission and the second transmis 
sion. 

36. The method of claim 31, further comprising controlling 
a timing of the ?rst transmission so that the ?rst transmission 
occurs substantially simultaneously with the second trans 
mission. 

37. An apparatus comprising: 
a processor; and 

a receiver coupled with the processor, the receiver to: 
receive a ?rst transmission of data from a ?rst node of a 

wireless network over a ?rst direct wireless link 
between the apparatus and the ?rst node; and 

receive, substantially simultaneously with the reception 
of the ?rst transmission, a second transmission of the 
data from a second node of the wireless network over 
a second direct wireless link between the apparatus 
and the second node. 
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38. The apparatus of claim 37, wherein the wireless net 
work is a third generation partnership project (3GPP) wire 
less network. 

39. The apparatus of claim 38, wherein the ?rst node or the 
second node are 3GPP base stations. 

40. The apparatus of claim 37, wherein the reception of the 
?rst transmission substantially simultaneously with the 
reception of the second transmission provides an improved 
received signal quality over the reception of only the ?rst 
transmission or the second transmission. 

41. One or more non-transitory computer readable media 
comprising instructions to, upon execution of the instructions 
by a processor of a base station of a wireless network, cause 
the base station to: 

receive data for transmission to a receiving node of the 
wireless network over a ?rst direct wireless link; 

facilitate transmission of the data from a ?rst transmission 
node of the wireless network to a receiving node of the 
wireless network over a ?rst direct wireless link; and 

facilitate transmission of the data from a second transmis 
sion node of the wireless network to the receiving node 
over a second direct wireless link substantially simulta 
neously with the transmission over the ?rst direct wire 
less link. 

42. The one or more non-transitory computer readable 
media of claim 41, wherein the wireless network is a third 
generation partnership project (3GPP) wireless network. 

43. The one or more non-transitory computer readable 
media of claim 41, further comprising instructions to transmit 
the data from the base station to the ?rst transmission node 
and the second transmission node prior to the transmission of 
the data from the ?rst transmission node or the second trans 
mission node to the receiving node. 

44. The one or more non-transitory computer readable 
media of claim 41, further comprising instructions to control 
a timing of the transmission of the data from the ?rst trans 
mission node and the second transmission node to the receiv 
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ing node such that the data is transmitted from the ?rst trans 
mission node to the receiving node substantially 
simultaneously with the transmission of the data from the 
second transmission node to the receiving node. 

45. The one or more non-transitory computer readable 
media of claim 41, wherein the ?rst transmission node is the 
base station. 

46. A system comprising: 
a ?rst base station in a wireless network, the ?rst base 

station to transmit data to a receiving node in the wire 
less network in a ?rst wireless transmission over a ?rst 
direct wireless link between the ?rst base station and the 
receiving node; and 

a second base station in the wireless network, the second 
base station to transmit the data to the receiving node in 
a second wireless transmission over a second direct 
wireless link between the second base station and the 
receiving node substantially simultaneously with the 
?rst wireless transmission. 

47. The system of claim 46, wherein the wireless network 
is a third generation partnership project (3GPP) wireless net 
work. 

48. The system of claim 46, wherein the ?rst base station is 
further to transmit the data to the second base station prior to 
the ?rst wireless transmission and the second wireless trans 
mission. 

49. The system of claim 46, wherein the ?rst wireless 
transmission and the second wireless transmission have an 
improved received signal quality at the receiving node com 
pared to only the ?rst wireless transmission or the second 
wireless transmission. 

50. The system of claim 46, wherein the ?rst base station is 
further to alter a timing of the ?rst wireless transmission so 
that the ?rst wireless transmission occurs substantially simul 
taneously with the second wireless transmission. 

* * * * * 


