[0001] METHOD AND SYSTEM FOR UTILIZING SMART ANTENNAS IN
ESTABLISHING A BACKHAUL NETWORK [0002] FIELD OF INVENTION
[0003] The present invention is related to wireless communications. More
particularly, the present invention is a method and system which utilizes
smart antennas in establishing a backhaul network. [0004]
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transmit/receive units (WTRUs) and base stations.

[0006] A wireless communication system generally comprises a plurality of
nodes, such as base stations and radio network controllers, or the like. The nodes
are typically connected to each other with wired connections, such as a mesh
network or a cellular network. The nodes communicate with each other and
tz;ansmit messages, such as backhaul messages.

{0007} However, there is a disadvantage with wired connections for
establishing a backhaul network in that wired connections are expensive, time
consuming, and inflexible for modification or change of the network. In particular,
mesh networking requires nodes to be connected with each other. When a new
node is added to the mesh network, there is a large burden (in terms of both cost

and time) for establishing new connecfions to the new node for backhauling.
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-1 [0008] Therefore, there is a need for a cost effective, less time
consuming, and flexible method and system for establishing a backhaul
network. [0009] SUMMARY [0010] The present invention is a method and
system for utilizing a smart antenna in establishing a backhaul network.
The present invention is directed to using smart antennas in for improving
{0061 com Mwrefatignhercieasiegd torou ghgiuaffent feriningiatdemstaming,
RaHensLalexhis heckhanl peorior sonpinalasihaugate. The
present invention Is implemented In a wireléss communication system
which includes a plurality of nodes, and wherein each node is connected
(degether in a mesh network. At legstvggasiion of the nodes are provided
with one or more smart antennas which are configured to generate a
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[0015] Figure 4 is a diagram of an example of a beam pattern generate
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the source node retrieves the beam direction and configuration information for the

target node and transmits the messages with a directional beam directed to the

target node.
{0011] BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1 is a block diagram of a network of a plurality of nodes in

accordance with the present invention.
| [0013] Figure 2 is a block diagram of a node made in accordance with the
present invention.
[0014] Figure 3 is a flow diagram of a process of utilizing smart antennas in
transmission of messages between nodes in accordance with the present invention.
[0615] Figure 4 is a diagram of an example of a beam pattern generated by a

node in accordance with the present invention.



[0017] The present invention is applicable to any wireless communication
system including, but not limited to, Time Division Duplex (TDD),
Frequency Division Duplex (FDD), and Time Division Synchronous Code
Division Multiple Access (TD-SCDMA), as applied to a Universal Mobile

Telecommunications System (UMTS), CDMA2000, CDMA in general
@60 Sy AT RO Ol i SRR E B D AT ENTS
Bagip SysteThd GRESD), ardrEnhdscaplioaizx Rates MardkSMivelutitiation
EDGE). [0018] Hereafter, the termipnplogy."WTRU includ t is_not
A B A10s EH et i g e DA ), Ridabncr
Diits mpByeien (B0 othdrTipe Bideidusragakont éppdrabiirgsivm Multiple
XiEslessreny nt,Whenirafeged to.herealtai iR eeRnpogYned6n,
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[0020] Each node 102a-n serves one or more WIRUs (not shown) which are
located within the coverage area of the nodes 162a-n. The network 100 may be a
mesh network or a cellular network. In the context of the present invention, both
mesh networks and cellular networks transmit backhaul information, but there is
a fundamental difference. Cellular networks fypically have fixed network
infrastructures and backhaul connections. These connections are typically point-
to-peint and they do not change. One node transmits the backhaul data to another
node at another location in the network, and to that location only.

[0021] In the case of a mesh network, the connections between nodes change,
and therefore the backhaul data may be transmitted to different nodes at different

times for further routing. Particularly in the case of mesh networks, since the
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-3 backhaul connection can change from time to time, it is important to be
able to adjust the smart antennas so that a connection to a different node
can be achieved without creating undue interference to other nodes.
[0022] At least a portion of the nodes 102a-n are provided with at least
one smart antenna (as will be explained in detail hereinafter) and utilize

bgekhanhronnaeith R EERRdEh BrsdaHaRe-dhis iBmEnidads able to
adf28 thdRRdeiiondm ie gtk iR wHaad R b6 ESRRE 1800 RYsodtieved

upload receipts fram WTRUs. These nodes 102a-n are capable of
Wd@??é’rfaﬁﬁﬁ%égﬁlﬁfgw gftﬁ’l%éﬁ?fgzﬁatloboég?ﬁsngﬁas‘steering the beams to any
{fmﬂition_ in a‘gmﬂn f@@ﬁ@_t} ttﬁﬁvemdemwamhth@ mthdﬂdizﬁﬁwrtllmsmm
sHRAes YR Wired SAMNELHANEES Welb A T ARSE ML WILRIE 35 RaC A art

connections that use smart antennas. Since connections established
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provided with the capability to transmit backhaul information over a wired
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node 102n can receive and send backhaul information to the nodes with
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C%HBW&lgfgbh%@’mgﬁer referred to as a hybrid node), will be the connection to the
wired core network 119. In other words, as nodes transmit backhaul information
wirelessly with the help of smart antennas, this backhaul information will be
routed eventually to the core network 110 through the hybrid node 102n.
Therefore, the hybrid node 102n can receive and send backhaul information to the
nodes with wireless backhaul connections while it receives and sends backhaul
information to the core network 110, thereby forming a bridge.

[0024] In one embodiment, a node 102a-n has a plurality of predetermined
beams 109a-h as shown in Figure 4, and selects one among the plurality of beams
109a-h in order to direct a transmission or reception. Figure 4 shows eight beams
in azimuth that may be generated by each node 102a-n. It should be noted that

the beams shown in Figure 4 are provided just as an example and any number of
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in azimuth that may be generated by each node 102a-n. It should be
noted that the beams shown in Figure 4 are provided just as an example
and any number of -4 beams, beam patterns, or any other type of pattern
may be implemented. [0025] In an alternative embodiment, each beam
109a-h may be generated and directed in real time, rather than chosen
baRt ePSaTbP SR AN B BRI PRIB s TRt ReiRRicmeBlgd:s a
idosEsn l:Z)L|O9aﬂ°l i aTipNa B @ﬁl‘ﬂ)ﬁﬂﬁﬂ@ﬁ@b&&ﬁ RAANG S b OFenerated
availa sitions, that provides the best perfagrmance i rms,of syste
o AL Bl G, FHesto BREe e TRE: Modfhe S PRI aped
pgeitreradly fixed in a particular location. Therefore, once a beam 109a-h

(&) configuratign hetyeen we nodes i@@ﬁx@d&&%ﬁﬁba&!@ﬁ%ﬁ%&gﬁy or

configuration may be stored and used thereafter without change. Each™ |
aARE PO AR hRY HiaPp RO SRYithAG RISTa‘etthe RehesroTogage in
téomeQn Bpalianihathel MadesrdQRa-y, SHeeriheh R0 tBBVIFRNMEMABa 1

the traffic,lo ay change gn a long- term basis. Therefore, each node
B o o AR T PR ot B e 654 FER braiPe) and
cmm@mh’eemdm@me_d@md tg/s@;rmhalgiradiustsmﬂe:mration
riitestion o8 signalcorfiguiationtapptimize.the @@J&ﬁrﬁb%%%-%ay be

system.éOOZ?l One example of the operation of the system is as tollows:

e SeRRIBY BBt R RO R PO K Geh dranassiam tarithseapsss
lepuaigsinnotherraiiestetrnadencutl asenedid 0u haks aambe donedy-
B R S B e e e

IS Typically done with' beéam torming antenna a
medde 102ammizasties thalegieatitinef the ridioetyirodedifi? BriBhdygaalinaif

R AT ST H%%&Qﬁﬂ&%ﬁ%ﬁ@ﬁ?a%%ﬁh@if&%ﬁ% teaﬁﬂ;?m@{ﬂé%%?& ce of

rate, or some other measurable quality indicator. The transmitting node
the)s%f#M8s the best antenna beam direction, the best combination of
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sgleetesl node, such as node 102b. This can be done by adjusting the complex

weights applied to the antenna array elements as is typically done with beam
forming antenna arrays. At the same time, node 102a measures the guality of the
link A to node 102b. The quality of the link A may be measured as signal-to-noise
ratio, bit or frame error rate, or some other measurable quality indicator. The
transmitting node 102a finds the best antenna beam direction, the best
combination of weights to maximize the link quality in this case, and stores both
the link quality measure and the corresponding beam direction (weights). The
transmitting node 102a does this for all nodes that are in the vicinity and stores
the corresponding quality and beam information. ‘

f0028] Any node 102a-n can be flexibly and wirelessly connected or
disconnected to other nodes 102 a-n by selectively directing one or more beams at

the other nodes 102 a-n. In Figure 1, the first node 102a transmits messages to
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the corresponding quality and beam information. 100281 Any node 102a-n
can be flexibly and wirelessly connected or disconnected to other nodes
102 a-n by selectively directing one or more beams at the other nodes
102 a-n. In Figure 1, the first node 102a transmits messages to -5 the
second node 102b using a directional beam A, and to a fourth node 102d
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node 202 and other nodes, As aforementioned, since the node 202 is
TESBHISRS TGS AHSrRkeRAP IR 4%eam direction and configuration
[0gR0jeen twBhrogle st amtrenpr2tie tenminrdsan glsteied iof thetsnameiynizOfs
b memery 208 mainiains adstehielarnadesand beamdiegtion anh.
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configuration information from the memory 208 and generates a
R AP BT L BRSSP 0 7 2R G s cam be
mektegemadsing. therdbaAnhe memory 208. The memory 208 maintains a list of
other nodes and beam direction and configuration information for each of those
other nodes. When the node 202 is reguired tc transmit messages, such as
backhau! data, to another node, the controller 208 retrieves corresponding beam
direction and configuration information from the memory 208 and generates a
directional b;eam steered to a particular direction and transmits the messages
using the beam. ‘

{0031} in the case of a hybrid node 102n, this process is followed in
establishing wireless connections to other nodes with the help of the smart
antenna 204, When the hybrid node 102n establishes a backhau! connection to the
core network 110, or another node, there is no configuration information or no
beam selection since the wired link 210 is physically fixed and will always provide

a connection between the same two nodes,

-



[00311 In the case of a hybrid node 102n, this process is followed in
establishing wireless connections to other nodes with the help of the smart
antenna 204. When the hybrid node 102n establishes a backhaul
connection to the core network 110, or another node, there is no

configuration information or.ng beam selection since the wired link 210 is
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simply delete beam direction and cqnfiguration information for the . |
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mnvention may be implemented el(igﬁ)ﬁer N2 MESH Network of In a ceﬁu ar
corfiganition information for the removed node from memory 208. The present
invention makes additienal installation or removal of facilities unnecessary for
establishing or removing connections between nodes. It should be noted that the
present invention may be implemented either in a mesh network or in a cellular
network,

[0035] One of the strengths of mesh networking is the ability to create new
Iinks and delete other links between nodes depending on a plurality of factors,
including a traffic load, interference, and individual node performance. As shown
in Figure 1, a plurality of nodes 102a-n are coupied to each other using smart
antennas. The lines between the nodes 102a-n in Figure 1 indicate possible links
A-F. Control may be centralized, whereby at least one node functions as a
controlling node to control the connection between nodes, or may be decentralized,

where control is distributed over several nodes or all nodes. If one node is
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[0035] One of the strengths of mesh networking is the ability to create new
links and delete other links between nodes depending on a plurality of
factors, including a traffic load, interference, and individual node
performance. As shown in Figure 1, a plurality of nodes 102a-n are
coupled to each other using smart_antennas, The lines between the
desigaatef2asnadn RRitPE RN BRdSe HSsSHE HiRE Agdecetiseisnigjopmation
réghiializech b esabitiohlcast pegnadmivnttiansiasaecantingmnods the
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Control is distrbUted over Several Nedes or afl nodes. 1 ore Hode 1S 27
[5G nated Bach sotertifagnodferdbdydormssiitiy arede wole bts dnfosigratio in
e GRLNPG-BATTIG CRRAWANS FRGLREMIARANASSINEAENDPUEHAAL operation.

determines the best traffic route for transmission of messages from one
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security control information. The beacon sgna s are measured periodically
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traffic routes. FQrmin least a portion of the backhaul ¢ ections
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Hatablishing and adjusting connections between nodes. [0037] For
example, as shown in Figure 1, if the traffic load between the second
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dhenli atie copviipgsheabiedmiie MRdietashkaZh, di madingdhenize the

R AP e HaRate Dot End WG Ah s the oriasal o
the 2edés\iNIRdy dicksifipldsildiesciifeed eednthibner touathenotfidbd fitsbnetiaAf2a
- duihaliesnagtively Jaie g ARrauel 188.NthRRdR oid, if possible, the second
and fourth nodes 102 b, d and will alternatively route traffic through the Nth node
102n.

[0038] The present invention not only has the advantage of providing a
fiexible, wireless mesh network, but also the backhaul information (which is
typically sent via a wired line) may now be sent via the same flexibie links through
the smart antenna. Implementation of this type of dual-use smart antenna
scheme in accordance with the present invention resulis in significant advantages
over current wireless communication systems. '

[0039] Figure 3 is a flow diagram of a process 300 of utilizing smart
antennas in transmission of messages between nodes in accordance with the

present invention. At least a portion of the nodes are provided with at least one
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102n. [0038] The present invention not only has the advantage of
providing a flexible, wireless mesh network, but also the backhaul
information (which is typically sent via a wired line) may now be sent via
the same flexible links through the smart antenna. Implementation of this
type of dual-use smart antenna scheme in accordance with the present
simashaoteroguithinksig eificheedVvarasirre toveploaniain siditegdonal beams
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nodes and beam direction and configuration information to be used for
MRS ATSSIEH RPHASPIRHETF Rote Radprasd Ly tioufrpe! iefeatinat fése &
s307-andd204 ssadifeiCalltrpasiaimecth RegSetting HRedssy B8 ModE retrieves
reconfauring the sveiem.lo cceptordelels, nodes, and il nof bpically,
bnave & be fornie qcurm&%ormal operation. When'a  source node 1s
meguired odralesetietesadadistichiodel thensorsanode retdavedirbeidon and

HHRSHANBAGFORIGHIAI QRIP ITEN AU A D8I 081 BAEIFAM Mission of

memor>(, and %enerates a directional beam using the beam direction and

heskRgBt AR iRRSTA R ATESTAHE) 20mhathsTh oRRsidgafdensersh as traffic

deapsmigsiansakhnckhiond dlata) deasac Gadinkiteatibnandigiel from the list
c%n%i{%grati ns such %s traffic density, the transmitting node selects the

PeELhrired ig?wt v‘\:/’eaf(f:;1 %Pﬁ%m the list and applies it to the antennas.
{0840[ The Precessder forasatingthdhpumlinyi bf thkslenenstetoripgtelevant

HHRAHRANAR R DAL 0.0 AOPE-RATIAHIC AN SRS MG SRV AER Y ge

cha%e and adjustment of beam directions may be necessary. The
a8l iR RENh 8h EAMS FHRECHP R A¥ BE RSGESIAHR thd Befgvatspode then
1iiestine ab bhasafgéepaiBiith the generated directional beam (step 308).

[0041] In an opfionai step, a change in the network may occur whereby a
new node may be added to the network, an existing node may be removed from the
network, or radio frequency or other conditions may change. In response to the
change, other nodes update the list of beam direction and configuration
information to reflect the change (step 310).

{0042] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, each feature or
element can be used alone without the other features and elements of the
preferred embodiments or in various combinations with or without other features

and elements of the present invention.



[00411 In an optional step, a change in the network may occur whereby a
new node may be added to the network, an existing node may be
removed from the network, or radio frequency or other conditions may
change. In response to the change, other nodes update the list of beam
direction and configuration information to reflect the change (step 310).
[00421 Although the features and elements of the present invention are
described in the preferred embo@imddiM$ in particular combinations, each
(/9% re o eliment can be used alone without the other features and
elements of the preferred embodiments or in various combinations with or
without-otherfewtisiess sprarelaiemion SIYRE Pl BRI AtidPRS 0P ATKIS

Whatissaimedis:cla taniiglesswommsigatiansystamdor utilizing at
least one smartﬁﬁnt nna f%g‘g%tablishingga backhaul netw.oHlé, the gé/sterkrg
comprfshigfaih ﬁﬁ%sofg‘ﬁ R SRR T BT B B MR AL B
neighbapnode, each node comprising: a smart antenna configured to

9enef%&%@%ﬁg@%@ﬁi@%ﬁ%@é&s@mﬁmﬁm%ﬁgaf&m&msgswre a

list of neig aving connections and beam configuration

informasse e nESHR WAL SrifRsEagaes rtiee FRTEFMGRS and
pegessanduRaaentiatinneaniiodred tasedpaatesthiedisicsiasehinidememary
by monitoring signals received from the neighbor nodes and determining
8 rﬁ?ﬁﬁ%‘;&? vA*ind signal configurations for transmitting data to the
neighboconodbs amdfimaependently select a particular directional beam for

transmitting 3, PACtEIALMESSAGE 19.an0Mher Rodadisinhe dndaled st

stored in the memory, at least one of the plurality of nodes being a hybrid
fomethsahbRsredR e St THREE ISRERNERIPEBM BT Saberanons
RUWMERMmiZinEhRBYS P nekekinmdisvhetein the hybrid node of claim 1
further independently select a particular directional beam for fransmitting a
particular message to another node using the updated list stored in the memory,

at least one of the plurality of nodes being a hybrid node that further comprises

a wired backhaul connection to a core networi.

2. The system of claim 1 wherein the hybrid node of claim ! further

comprises a wired backhaul connection to at least neighbor node.

3. The system of claims ! or 2 wherein the generated plurality of

directional beams are selected from a set of predetermined positions.

4, The system of claims 1 or 2 wherein the generated plurality of

- directional beams are dynamically selected and directed in real time.
5. The system of any one of the preceding claims wherein the directional

beams are configured to provide the best performance in terms of system capacity,

data throughput, and interference.

-10 -



comprises a wired backhaul connection to at least neighbor node. 3. The
system of claims 1 or 2 wherein the generated plurality of directional
beams are selected from a set of predetermined positions. 4. The system
of claims 1 or 2 wherein the generated plurality of directional beams are
dynamically selected and directed in real time. 5. The system of any one
of the preceding claims wherein the directional beams are configured to

providg the st et paeRarnitermisal syStam £3RacHy odatd nodes are
thrqughput, and interference..-10 6. The system af claim | wherein at least
PR S RETO S arE eI e AR ST L B Rt PR R R
over the wired backhaul connection. 7. The system of claim 1 wherein the

hybrid-node i, configured o receive. and RS RRskhau nformation o

another node with a wireless backhaul connection while theé hybrid node

a¢ efvansnah dekhamwit amrHan| ipfenahgo MastheBore HEARSEK backhpd

systemoafanl energbilienpieGesingclaimsweretadie lualibinbmedas
comprise a mesh network. 9. The system of any one of claims 1 to 7
WhePEM e plurality of nodes comprise a cellular network. 10. A wireless
communication node for use in a wireless communication system

comprising: aismarl-anienRa sANfIGHISNIR geRerale 3 RluAl i{é/e%fimaiigr of

directional beams; a memory configured to store a list of neighbor nodes
BPRFLROPRT IS AfBERBR Ofiformation to be used in transmission of
messages to the neighbor nodes; and a controller configured to: update

the liststored i the smemary by.moniaring signals leecived, fom (e
neighbor nodes Shd deter ning optimum beam and Signal configurations
formpassavtlindetavtakthe neighbor nodes and independently select a
particular directional beam for transmitting a particular message to

another node using the updated list stored in the memory for o
10. A wireless communication node for use in a wireless communication

system comprising:
a smart antenna configured to generate a plurality of directional beams;
a memory configured 1o store a list of neighbor nodes and beam configuration
information to be used in transmission of messages to the neighbor nodes; and
a controller configured to:
update the list stored in the memory by monitoring signals received
from the neighbor nodes and determining optimum beam and signal configurations
for transmitting data to the neighbor nodes and
independently select a particular directional beam for tfansmitting a
particular message 1o another node using the updated list stored in the memory for

establishing a backhaul network.

11.  The wireless communication node of claim 10 further comprising a

-wired backhaul connection to a core network.

211 -



establishing a backhaul network. 11. The wireless communication node of
claim 10 further comprising a wired backhaul connection to a core
network. -11 12. The wireless communication node of claim 11 wherein
the node is configured to receive and transmit backhaul information to
another node with a wireless backhaul connection while the node
receives and transmits backhaul information to the core network. 13. The

\évirelﬁsi@.commmiﬁ%tgagl &Sl?ﬁiﬁlﬁﬁﬁﬁbﬂh&&w%ﬂ@fﬁ@?_ﬁfm%lﬁ Wiredde is
ackhaul connection tq at least gne other node. 14. The wireless, |
R APl P R ATTREF BRI ge e ed
phreddity bidtiradtionaldoeamsvhiie sblectedkfromeiasetnd predeierntavébaul
B@%@ﬁn@tﬁm&%@@&ﬁ communication node of any one of claims 10
to 13" wherei '

erein the generated plurality of directional beams are dynamically
selected and directed in real time. 16. The wireless communication node

of claina15 wheyeindhe: disestionakibramsase seipctedioipovidethmbest

erfQrmance, in terms of system capacity, data throughput, and
ﬁ’ﬂ’éer?é’lﬁéc %“‘f‘lf?l.mleﬁtéoﬁlll’?e%/é SUSH ?ﬁﬁ%’% n node of claim 10 wherein

the node is configured to transmit backhaul information over the wired

backhayl conpection 18- Thewikelass cammimication.nade, afanypope af

claims 10 to 17 configured for use in a wireless mesh network. 19. The
WireTess e rapaeried I HEY b rarsyimal ob i e 096C1E ESWtigGusst 96r
peaibfeasaitatineiwork. 12

15, The wireless communication node of any one of claims 10 to 13
wherein the generated plurality of directional beams are dynamically selected and

directed in real time.

16.  The wireless communication node of claim 15 wherein the directional
beams are selected to provide the best performance in terms of system capacity, data

throughput, and interference.

17. The wireless comununication node of claim 10 whereirn the node is

configured to transmit backhaul information over the wired backhaul connection.

18.  The wireless communication node of any one of claims 10 to 17

configured for use in & wireless mesh network.

19,  The wireless communication node of any one of claims 10 to 17

configured for use in a cellular network.



