WO 2006/099024 PCT/US2006/008383 [0001] MULTI-NODE
COMMUNICATION SYSTEM AND METHOD OF REQUESTING,
REPORTING AND COLLECTING DESTINATION- NODE-BASED
Wi ASEASMENTS AND ROUTE-BASED MEASUREMENTE Jti8%)008383
FIELD OF INVENTION [0003] The present invention is related to a

(00§ AMMUGRHINNRYSIE DdRWNINECA Pty Sf STEREAND M BAECDarly, the
O RE e DHQn, RIBIESHITNG AeHH O IR GriESTBEARGON-

NODERBUEITERIB AT U REMIENGSVANCh RO B-BASERVEE AR SRETYIANTS
(MPs). [0004] BACKGROUND [0005] Typical wireless system

[00- astructures consist in faMng GERTTEREES Points (APs), also
réferred to as Base Stations (BS,E;!, each connected to,a wired rl]etwork

[006%ough \Whemeesertitraylas is ridieQ A M SSREQ BB o TRS

a FIOShICONNRMUEY aMivepARiclitacy théheraieed netesticmeXetitsntore
desirable instead to connect the AP indirectly: to %@gﬂi@%ﬁ/ﬂ%ﬁ

reqpesiing, 'eRY r?nnéiifzgr%f 8&515&%?8%?%%5’; gsyh’éoaring APs. [0006] This s

plureléiyedteds wimesBdohitecture. In other scenarios, the advantages of
using a mesh infrastructure are ease of use and speed of deployment

since a radio network can be_de ithout having to provision
[0084kkhaul links and interconng&fgﬁ@&ﬁ@for each AP. [0007] In the
[000gNtext oftpiRell syistess sjisissomitisiarhoes GisishifoRT RS 5t of |
ace SO SOES I Oden L ean disctitRpreRRMUS B o s

es t measurement request frames and measurement report .,

wiredmessvorliEhtstshiy hatis tefepedity #e RetefdiREn ThECPSRENR et 1o
th@ﬁﬂs@@@cﬁ?ﬁxe@ﬁgg H)gwéi%]\mﬂimeﬂfutetheMiiedmmmfked%sﬁnmﬂa
Alsp, in a mesh syste ecause.the per ! i
ol oM AT AL LT o B
thehmferinutibreth ianfd fivardisgeighisaiieMan in those of the destination

rogdafe itseHythare izvabiadnsqlieeling rarerstiandatstiarpdaerioddhe
involved in connecting the source and destination, (j.e., the r&gustﬁgeé[ag?er
nho

adYRBHRARItHTy TR 8 AR R A BHRS t3SnRA T e CHEStnat0 e.

deployment since a radio network can be deployed without having to provision
backhaul links and interconnection modules for each AP.

[0007) In the context of mesh systems, it is sometimes not sufficient for a
node to request measurements from nodes it can directly communicate with.
This implies that measurement request frames and measurement report frames
will not only need to specify the node to which the frame is sent: te but also the
nocie to which the measurement request/report is destined. Also, in a mesh
system, because the performance and guality perceived by the usersis dependant
as much on the conditions of the intermediate hops involved in forwarding the
packet than in those of the destination node itself, there is value in collecting
measurements from the nodes involved in connecting the source and destination,
(ie., the route), rather than limiting the measurement reporting to only the

destination node.
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-1 WO 2006/099024 PCT/US20061008383 [0008) SUMMARY [0009] The
present invention is related to a method for use by MPs to request, report
and collect destination-node-based measurements. The pres i '
RIS a method for use by MPs to request, report aﬁpﬁé‘%@i%&bg%
route-based measurements. [0010] The present invention is related to a
I9R4Bbd by which MPs request, réivMA®Eollect destination-node-based
megsurements 1.a0g.smboditent aideptgaion-noderbased,
measurement request is sent to one or more destination nodes d\dp
%GR TSR st lrsdidestimationtnedetberedantnsuksmbnén dths premsing
oot apaisiistiides exiRopamisagie BONIPGRIALYICES rPRE XA Wect
Rqﬂg%qa%gaggdg&ﬁ%i%% 0011] In accordance with the present invention, a
M

lurality o BSihan network request, report and collect multi-hop
Iﬁﬂ%ﬁ’éu remehis BreFRRbingra tion ismelkipid hne sietboddsy, whithd\saqgingt,

RIS SBC AR MRS SRD AL IS NRHRG AP 10 4 8REHN S nent. o
ije tln?.tlon ﬁgl t. The next hop and destination address can be speclllﬁ’ed
A% UMCAST I ESEE SrEBaamedy Touiest Fhiephéeane prasatofertination
nedesreibidesbipetimentienitrisstiic tpteRIicaEe PR UREASHSNNIRZNS
8Rcepiwhiph.aRA be. RRlieddp Jmeasurement reporiing options include
having the measurement request message ask for one or more s She
broadedsbaddressBsrt in a single message. [0013] The concepts which can

[oe1applied In measacnantieRoiegemtRs IR UISIRAMRY SPRIPs in an
easurements once, periodical

MERSWSIENL leguest message ask for

measurement reporting of threst i@'ﬁ?&’é PIREALHERRLE aleps fingle and
modfinle sk opeissts in it czse.dbapiliceqineasasementranbsting]l of
tepueaeIngude ayiRe MRS AL hApkimM A CMEILICROK FIESSa08, O

aiéﬂ%ag E);gq}/backﬁhe regort on other data, control or management frame.
A BEC Moo BR fieat g Hsa sk or SrereMtthe measurement

[(etRlest mebsagessbatdre dnftow tmdsdetostherathidiEpsrn ethasiaals and
ofESNOIoRpede MR8 nts.  The concepts which can be applied to

measurement reporting options include having the measurement request

message ask for one or more than one measurement report in a single message,
[0013] The concepts which can be applied to measurement reporting
options include having the measurement request message ask for measurements
once, periodical measurement reporting or threshold based measurement
reporting.

{0014] The concepts which can be applied to measurement reporting
options include having MPs send back a measurement report message or it can
piggyback the report on other data, control or management frame. Each node
will put together its own measurement in the measurement request message
before it forwards it to the next MP up to the final destination node. When the

final destination node receives the measurement request message, it will send its
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final destination node receives the measurement request message, it will
send its -2 WO 2006/099024 PCT/US2006/008383 own measurements

lus all other nodes measurements in the measurement r
‘f BREF DESCRIPTION OF THE DRAWINGS [oo16ia‘pﬁ\‘o}tn}[cgr]zee"’\3‘%‘9"%83

detailed understanding of the invention maybe had from the following

oRESEIR-AMAR BiWal OtFARYIS; ARH.10.heundetsiend I@He&é?ﬂ'gfgf%i\gvn

with the accompanying drawings wherein: [0017] Figure 1 is a sigha
TR AR RSrating the destination-node- based measurements including
destination-unicast/next-hop-unicast; [0018] Figure 2 is a signal flow

{agram illustrati Jat-tilalal S nts including
[ddbgs?tlrnation-unica%;%ﬁaﬁﬁ?iﬁpﬂﬁ%w&gme disa
[9Q4dRhI flow ‘ﬁiﬁ@?&ﬁ?’f%éﬁﬂﬁf@rﬁﬁ&ﬂﬁ%pﬁmmgmmmigéﬁmgtbe
foNemioED dexciRR, Fighie 4js wasjonaldlamsliagrm iustatingmulihap
cJneasl lrgm“%%st Loarlgomultl le %s;_ 0021] Figure Sis a S|g_nal flow

aragran istrating eggf?la%gﬂa PEPST 'Meastrements being sent to a
[0 fice MPYiguredidamierahthosndagriodinsmb bhg becplasinitioneniien:;

bJ@@aa&%@ﬂ%mgawsmwlﬂ;mg&&w@o@%%&%%@e”t .
log?ff@ﬁirts synthesized by each MP in accordance with another embodiment

e presbEfRvERfichEIehBay Eigeram ilusiayang ihodariinationreds-
basteovs measuremits rephrthndiypthe steetitytiarfinal destination MR ip-
mREGRLaRRS YYith. yet another embodiment of the present invention; and

0024] Figure 8 shows an exemplary block diagram of an MP configured

[0 9plemEigire Varisusesisaalmbens ctiageame dinsiratingiom o b
mbdstAdbde bt Hidng R (e 63k fddke PREFERRED EMBODIMENTS

6] Thepreferred embodiments will be described with reference to the
[O% ] eBqure (31 13 a sn{gnsﬂ H\éw Siagram illustrating multi-hop

measurements along multiple routes;

[0021] Figure 5 is a signal flow diagram illustrating destination MP report
measurements being sent to a source MP in accordance with one embodiment of

the present invention;

[0022] Figure 6 is a signal flow diagram which shows measurement reports
synthesized by each MP in accordance with another embodiment of the present
invention;

[0023] Figure 7 is a signal flow diagram which shows measurement reports

synthesized by a final destination MP in accordance with yet another
embodiment of the present invention; and
[0024) Figure 8 shows an exemplary block diagram of an MP configured to

implement the various embodiments of the present invention,

[0025] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00286] The preferred embodiments will be deseribed with reference to the

drawing figures where like numerals represent like elements throughout.
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drawing figures where like numerals represent like elements throughout.
-3 WO 2006/099024 PCT/US2006/008383 [0027] When referred to
qle terminology "wireless transmit/receive unit" QMFRU) 6008383

vﬁ%ﬁ@%@%’ut is not limited to a user equipment (UE), a mobile station, a

fixed or mobile subscriber unit, a pager, or any other type of device
8] The features of the

Gagable of oprtadinaritoarvgrelgss ﬁgyéggﬂgnen 00 es
Bressnhinvention may.be incorporated intp’anhll%teg%?a eHit (IEirefese
configured ina Srcuit H}%@%Mdaéﬁfﬁmwnmmqu@meﬂ
ddtpa ierhile[s02BhT hditist inchicsedaiiaiianPIgEms fhatare used in
theedgarinionahibemigsgnt inyention. The actual full meanings are Aot
f{' ited to the_definition: [Oo%gd%s?tinéﬁ?oﬁ%a?iwgmé is the address of
& Rode the Paliaires ffithaetgsensimen tionl miyehedntorsorated into an
iptemrabed einerit siEpar thandmeahalisMs. s refers.ta the address of
itheregde the %ﬁfpureerﬂt%nt request or repcort is éee%t?ﬁies ﬁ).a[ T‘f“de of
[Nex -hop address: %ls IS the address of the node the packet is sent to
oo g the ﬁg%'lhﬁﬁdﬂﬁh@%ﬁeﬁeﬁﬁ&mﬂmﬁ%ﬂmﬂmﬂ&g@m%gggscri?ﬁon
ofndas piesentisuppeshangipechanisils, this refers to the address or the
+fgde which will be receiving themrﬁe%}ga}]é%%n?rﬁeaﬁgg%ﬁ‘iﬁﬁtm
forward it to the next node involved in the transmission between the two

[3%9nodes Rﬁ@mmwmdMay@m-e{Q&%&h&q%%%m nicast, is
uReleiBlPRMRATH ENERL eQuest or report which is destined to°a sing
P, (inclyding a mesh statig%lléféf ﬁ‘)gréer%ug?ﬂ”@?ﬁ SERPpriGEdnechanisms,
Bedfiers 4s. Iﬁ%??ﬁ%féketﬁf&?n@@smmeaﬂeﬁﬁsfeﬁoﬁpgﬂ is -
dedistasld.to a multiplicity of MPs, (including a mesh STA and a mesh AP).
[ol¥334] Desgjpatipn-hroadcast, Refers to a measurement request or report
destined to all ,\,|R§g ”\3\‘/? f’?r?ﬁ}%‘%ﬁéé, drastiridibened etheastlSTi snd a
m g\Fi:’:}e next available Wireless transmission. In the context of

measurement support and mechanisms, this refers to the address of the next

node which will be receiving the measurement request and that will forward it to
the next node involved in the transmission between the two end-nodes, (i.e
source and destination). ,
[0032] Destination-unicast: Refers to 4 measurement request or report
which is destined to a single MP, (including a mesh station (STA) and a mesh
AP).

[0033] Destination-multicast: Refers to a measurement request or report
destined to a multiplicity of MPs, (including a mesh STA and 2 mesh AP)
[0034) Destination-broadcast: Refers to a measurement request or report

destined to all MPs within the mesh system, (including a mesh STA and a mesh
AP},

[0035] Next-hop-unicast: Refers to g frame sent to a single (and most
probably preferred) intermediate node as part of the process to convey the packet

to the destination node. Using a next-hop-unicast implies that a single route is
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[0035] Next-hop-unicast: Refers to a frame sent to a single (and most
probably preferred) intermediate node as part of the process to convey

the packet to the destination node. Using a next-hop-unicast im Iie56 that
A% 8te is -4 WO 2006/099024 PCTIUS2006/008383 “HEEF I EI&E?
to transmit the measurement request or report through the mesh network.

[ -nop-multicasi: Refers to a frame sent to a multiplicity of
iﬁ%%%%%%%ggsgglpaf SRR BrOERd Se8Uesh OB jornstdhereghcinanesh

desrAdEon node. Using a next-hop-multicast implies that a multiplicity of
ouBBs are usggi,, nspikthe urement request or report
through the me%h r%g\f)jrlﬁgég&s%gt{i (;gp- roadeast: REEHEIPHHT0E
sent to armBrrERaReTh Fracencbonemverdhepadpin tiddestirotss
wéenVeipgheneatiebimilitcaastinatisnneden e A xhApqadsast
bnplias Epﬁis%ﬂi@ﬁﬂ?é(@e@&@%&%ﬁ?r are IiL<e1Ig/ to be probed in order to
ransmit the measurement request br regoreR Rugh thrssrshawiwack.
E P24] MestedaandmrederstudisteThéofielsmentaine inlRimeaRediate

mdastihamgyet ﬁ@ﬂﬁﬁml&epgm A enRg)lnale %“35&9833 %L(-:}IL 36 ”Jtcfo the

om0 ]?destinati address, (can be unicast, multicast 0

broa casltL); %4 T@Fﬁe%—‘l’% Bhenedeastimplies thatadl ashinvesls wrates

Hivtbekty; bragebpd ymrvendm tortrausbitriné RexisiemaddRSSRS: (0 Qbi?ort
0

thppisRle Ribe nefssRf Nnext multicast), for dictating the maximum
an intermediate MP can forward the mesh measurement

[xagg%lent nog%s

request to; (O3B TEMrEeaY ReansttieNentSeldsg conbripeiddneas mesh
Tekrimeioaliraoutise itk d Bo4 AlSnhse peitieg giteria, (e.g., now,
[pesindical, tﬂgﬁn@@g& or the 'like); [0045] 7) type ofineasurement,
iﬁf’& node-based, link-baséd, path-based, or the like); [0046] 8) a flag

[ ICating viEmidomaddraenionn fecjuistss, multicast or broadcast);

[0041] 3) next-hop address, (can be unicast, multicast or broadeast);
[0042] 4) maximum .number of next-hop addresses, (only applicable in the
case of next multicast), for dictating the maximum of different nodes an

intermediate MP can forward the mesh measurement request to;

[0043] 5) requested measurements, (e.g., node address, channel load, orthe
like);

[0044] 6) reporting criteria, (e.g., now, periodical, threshold based, or the
like);

[0045] 7) type of measurement, (e.g,, node-based, link-hased, path-based, or
the like);

[00486] 8) a flag indicating whether the measurement request is

destination-node-based or route-based;

[0047] 9) type of measurement report; and

[0048] 10) a flag indicating whether the destination node is requested to
send one measurement report per transaction, (where a transaction is considered

to be a measurement request), or if the destination node should send one

-5-



destination-node-based or route-based; [0047] 9) type of measurement
report; and [0048] 10) a flag indicating whether the destination node is
requested to send one measurement report per transaction, (where a

W2 ALSE34s considered to be a measurement request), orif tHer 06/008383
destination node should send one 5 WO 2006/099024
I;’l%gégrse%%OQIOOSBB measurement report for every version of the
measuremant raqt e Sr iEFERElRIEIon 1L theraea pitsn el Raaie s dhorerives.
Wi@?dﬁgﬁcﬁmm s&ﬁtmm»mtﬁgsﬂ?béem@ metﬁaewq?aﬁ be
RAHEBILE IS 4se e performance associated to multiple
rouLes?i[oo%f%%ﬂT#gp?ggg%%%\%ﬁoﬁg lrlg\s/f?f]eegoggmg’thgﬁe rgﬂsé%‘m@%
PEHOERA S FSResRtrddnarlidrlsreftesnode-based measurements and
foeetbasedTgaseamsriat{Q0BRMAQNERMRRAIP IR MPs to request,

ination-ngdes;based measurement request is sent to One or mo
%Z’?%EZ%%% E@gee"é \?fg?lsﬁé‘é’%"a i ‘%‘ AL, RESHHETBRT AR owe-based
HestimERmeRBroadcast, possibly using routes specified via next-hop-
lo0aist, next-hoR-saillisastaer NRNHIORRRAC st addiessing 100811
j‘LSJpgﬂtrgocglig%tgfame%sur_ement request by an intermediate node, i
mfser_media & AORRTHIf tSHPAHPThBYRsaEia SrsbinetisiubBioesth dastinatiop-
zﬁﬁﬂ#@ﬁaéze@EMﬂ?m&mﬂ?sﬁ?ﬁaﬁf?gh(j@dtﬂ@éﬁb?ﬂi@%‘v{wup_
eheNRRkRho AR N of next- resses” value to a new
ﬁﬁ%ﬁ The ini?g}ﬁvalg%gi]g set %Et 8ps%lfff%é: %ﬁ%’?g(g%??]&%bnﬁgured value).
decrehRIRERCTHREE! B HRoqHEEeRt Zeyueshbyierinietatdiatelode,

thorimdiedis: ¢t 8 A 0GB HAAUBStriBRMAIRC RS RNV AR Bt hop. 1
e_intermediate no e forhards

-ho ticast/broadcast. Otherwise, t
TR oot s A e oo s reenpeor
TR HEER ek PEgerthby tidlvestsiatidontde, nthe aaHnatien naga
valﬁﬁmjﬁhﬂé@@@%érﬂpﬂ@té?gU@Eﬁ@lﬂ%é@%ﬁfh&tﬁ%%%&%%wnﬁg value

.measFrerinent re% t back to the source node using the source addres
LR

A S iisTRRtiats hode fopperisithenesrurgment request

specire
inpldivgethermawquaste tie destihationueiemhaysRast ONOIRAYH:VIAADE

bR RIS rﬁb’c!l@mﬁ'\uﬂﬁsfmg]measurement request using next-hop-unicast,

[0052] Upon receipt of the measurement request by the destination node,

the destination nede processes the meagurement request and sends the specified
measurement report back to the source node using the source address specified
in the measurement request. Depending on the type of measurement request,
the destination node may send one report via one link, or via multiple links from
which the measurement request was received.

{0053] Upon receipt of the measurement report by any intermediate node,
the intermediate node will forward the measurement report to the next-hop. An
intermediate node may examine the content of the measurement report passing
through it.

[0054] Figures 1 and 2 are signal flow diagrams of inter-MP signaling in

accordance with the present invention, where "SA" represents the originating
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which the measurement request was received. [00531 Upon receipt ofthe
measurement report by any intermediate node, the intermediate node will
forward the measurement report to the next-hop. An interme%iatgorolﬁodoe”s
Wﬂa@“@ﬁ?ﬁ?ﬂﬁ%e the content of the measurement report passiﬁ ﬁlﬁoudﬁ it
[00541 Figures 1 and 2 are signal flow diagrams of inter-MP signaling in
Q&%%rd nee Wi\t%ﬁ resent invention, where "SA" repl[esgnts the
orig@neaﬁng % zg%fﬁﬁﬁbiﬁﬂﬁé‘?ﬂﬁ%%mg% Bl repregenss the
reipRadenss el tRASittersanitr ebs fIRA AR RARIH S HIRe S8.CONRH e 1

ARGest:A 0k RAHENES ingldestination gddress. Figure 1 |

Justrates the,mecganismi%?sd%gs%%%r%ga-ibaassegdnﬁ?%%{f Hgsing

USiAg HeBTrE GRS R damranicnsp addeessingldrBgmy. RigilhesRritastidtes

weshagehafistedtinddstinnderhnadenhasa sk MEASIEMEMS {8hn unicast /

Ig]gétwlgﬂﬂg{ymlj &%xt-thop-muIticast/broadcast. [0055] Next-Ho

-Unicast Addressin f %i Figure 1 shows an exemplary communication
fim 100Nt dop-t atigddressiagn accordance with one

(08B im e itiioet FresRbiBvenlion.. Tt ication system

a ﬁ}‘rgﬁta es network cIudir?&g%irul;gﬁt[g%{%}%%% |%%eé§1¥gﬁﬁﬁfﬂ%f

I LT B ey s WHLh pRes RLMPkokihe INRGsdnvection.

The FemmumicbidasysihNIPUsantesasealineie inaianBedn w5 o

M Shendiiy hoy! { e¥fl.sends a “destinatjon-
e-base%lg,' mea%%mhgﬁ?%%%ﬁ%essaa e 1o MP4 ﬂ%‘fﬁ%n&gg’tr#@ﬁcﬁﬁd

%%%%Wﬁﬁt%%ﬁ%%ﬁe%%ﬁ%ﬁmm destimel$itherode.,
[0ABZurement shogueisi Figssagetiowaiss MR igtB2, B 4eing.the

negsHaaten address.a P2 being the next-hop address of the
measurement req.uestE%tel\élg 5%"%%6?%5’_ tf/?/h {1 P& e Restinagion-

upisafHasstinednisasbaidreasnaistent A5y and MdssadethbB&surement
reiptestmirssafietaexicRORRawR e SRR, 11R) a&&&ﬁ%ﬁz{}f’&&%% ihe

MEssiogl én%q{%:gfase&i measurement request message to the next-nop,
|.e.,8|a%’%g, (Step TB6y e A the TeasurreeepamenhasstrepEtep Aty
%&%Wv@heépmmmaamma@maﬂewmﬁ
MWD ddsiapiteo RN EMBRp towards Mp4 (step 115) and MP2 forwards the
destination-node-based measurement request message to the next-hop, (ie.,
MP3), (step 120). When MP3 receives the destination-node-based measurement
request message, MP3 determines the next-hop towards MP4 (step 125) and MP3
forwards the destination-node-based measurement request message to the next-
hop, (i.e., MP4) (step 130). When the final destination node, MP4, receives the

destination-node-based measurement request message, MP4 conducts

measurements if measurement results are not available (step 135) and then
sends a measurement report message back to MP1 {step 140) through MP3, MP1
being the destination address and MP3 being the next-hop address of the
measurement report. When MP3 receives the measurement report message it
determines the next-hop towards MP1 (step 145) and MP3 forwards the
measurement report message to the next-hop (i.e. MP2) (step 150). When MP2
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forwards the destination-node-based measurement request message to
the next- hop, (i.e., MP4) (step 130). When the final destination node,
MP4, receives the destination-node-based measurement reg;l#est

WRUS9%4P4 conducts measurements if measurement r&SURESAPRERRTS3
available (step 135) and then sends a measurement report message
Q&ck to %Iﬁt%%) through MP3, MP1 being the destination address
and MP3 BeRGHE FeREhEPUaddrestage thdeeenings thernaxpooh tWinarnds
N{E émlgﬂdrfem& ﬁﬂﬁ?ﬁt@@g&mf ot SO Eeoriginal
aextaQp K e an rwards the measuremen
repo?t message ?(‘)J%Ee %zxﬁé)ﬂ%%%iglé‘?'r\/}%?@%ﬁ ?é%?) Whhessmesspges
SHEIBHYERS PRITIEISPEBBHPES383 receives the measurement report

(0esshge it desswmmsIanextaPdAISSANDL{SIGR 155) and
f%\é@]rds thelm%%s%ement report message to the original_source of the
measurement request (i e PlrefPe6PaRITy M dsenhes sifgaextzhop
3dienseng umiRBsthmessagestd00sE,bexpititeMtibicasfBraadCask: hop-
AduiessinadRRagl inanqther | "maximur number of
dresses" may gg%?ﬂl@egéﬁﬁ?&%gn %ﬁ?ﬁ%‘éﬁ?—c}’rﬁﬁ-

next-ho d
?ﬁ%?%gﬂt%fd‘é’%ﬁ%?ﬁe@igﬁwm vhewhregneny alolticestbechtizast
reniiests bemgkstiondysiapiy ebsingdhefRmaseins M aUaSaaHaNt neaction

i@ﬂ{@t@@@%@hgﬁ&@g& basetd on gegognizing the originating source

ddress and transaction 1 e_n?fﬁlg?of?ﬂ% Sr'lginal measurement request.
b1 In thie thesase ieraiving owesresmenttraguests frammultipledext-

Hprtransiisisinn sh @oesinali R qods yuay Senc-6 1SRl Hagk 19 the

e Vi all links from which the measurement request was
O e G B A AR USRS SBhFe S dpib bending
obev] hreeteasiveodot reperting sipeaifieg.overhead and proliferation of
[opalticast MpRsagESASIARd 19 PE requests/reports.can be

imposed. As shown in Figure 2, tr%:é{ﬁ%%%ﬁg slliéer?a iﬁlglalé) lr’ﬁg%??bon of

VAR Melsnrssaelntediodreasiaearrpt rutrs iedrapvde drnthe ingmeedhan
sherFndtigives 2 thesdatgeditie dagsatiok o watshit A93ILRAIDShat these

ﬂ@gﬁgg‘éﬁ% %LW@&H‘E&?&%SV&%OIEI%%Q [:%@Lev'vhen an MP receives a message but
does not forward it again to the transmitter of the message. For example,
although MP1 is considered as a next-hop neighhor of MP2, MP2 will not forward
the message back to MP1 since MP2 Just received it from MP1. Furthermore,
when an MP receives a message twice from two different MPs, the MP will

forward only one message to its next-hop neighbors.

{0062] Figure 2 shows an exemplary communication system 200 including
a plurality of nodes in accordance with one embodiment of the present invention.
The communication system 200 may be a mesh network including a plurality of
MPs including MP1, MP2 and MP3. MP1serves asa source node, MP2 serves as
intermediate node and MP3 serves as a final destination node.

[0063] As shown in Figure 2, MP1 sends a “destination-node-based”

measurement request message to MP3 using destination-unicast/next-hop-
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although MP1 is considered as a next-hop neighbor of MP2, MP2 will not
forward the message back to MP1 since MP2 just received it from MP1.
Furthermore, when an MP receives a message twice from two different
WHPLGRRMAP will forward only one message to its next-hop hEGHIGT208383
[0062] Figure 2 shows an exemplary communication system 200 including
accordance with one embodiment of the present

a B&grali@/ aqglhﬂodes in

invention. “T e R BiaR i sydiehrodbivasy heameestremendriequest
imeRseirecra erleinaitjsoTiiBly mwaagawg&? MP3 @bsh e
810 CR RIS Jntermediate node an erves as a
f'rl{%ziestination ng‘gcgg[%go‘%%ﬁa%s%hown w? ﬁaurggfwesiﬁ’%érc?c“gmzes
’&6‘8 A& IR iRl issEipatisan sursinetat the ueauoktet agedodRAnISINGT
destinatioen uréeasaa%hmm;&mi@&pﬁltﬁﬁggéfﬁg&wﬁ999%/50%9 Rt

sin . ulticasts the measuremen
o Ak 2R R B B G0 A0 e 00 et e penepremons

LGP Restage 2 BB dvttreningp Shratdtvias ihe the ot MEAtISENESing
deassagts M3 488 FHIE8SH in iInation, condycis the
Je uest%d measure e{rﬁ%s)n#%%g?gi}g?nggr% ?geféﬁsad;e?eewgv%ﬁgﬁgwgp
T%)‘_,“éen(? R?é’ﬁ%ﬁ%@&rﬂ%ﬁ% iaiextber midiisaginsickenad®1 16tbp
‘ZROrWe miMERTe of ivestie P ds UG BANESEHC38A9C MR the
Helerninesithal L inal destination and decrements the
ARt F@i‘dgé§198£§9??3’1913 o e tmg where disrereived by

O{J-m
um number of next-hops™ to determine’i

%rﬁggﬁlgeﬁg%ﬂé)rﬁﬁgsﬁ%oﬁ@ﬁem&ﬁmﬂwir@p@é@pm@'ﬂlelfdheﬂding
stimsemuirVPZehetaknext IS ibarealesiiange rﬁle'}(ﬁ%e%?&%t%%est

r r st me e via next{-hop-multicasting where it |
e I K B B G Tl b e, f M1
TESPTSR ANy, Mrasoraastih gesetmmesialth MistrastiaisMR2 000 Ssbekce

afdrdsdhadpassiementearstumnesreasbagkio MRl since MP2
eceived it fram I¥IP1. In any case, if MP1 rgcgeélvéaéll\%ﬁg u%%é]]ﬁ%srﬁgﬁtm a

TRy e ST R ee L g RIEAC O R PR ERToeR @ Rb fifeth e dupdigaatitlg of the
mpssresctisiend Satlier (Wateth MR SuEeIMEN tHRI B NRIALSIS R §ORNOf
ey iy MR A T ek i St R
measurement report message via MP2 (step 240) if so requested. When MP2
receives the measurement report message (step 245A), MP2 forwards it back to
MP1 (step 245B).

[0064] As shown in Figure 2, the same destination node, (e.g. MP3), can
receive different versions of the same measurement request when next-hop-
multicast or broadcast is used. Similarly, a source (e.g. MP1) can receive
multiple measurement reports associated to the same measurement request, (i.e.,
same transaction ID), when nexi-hop-multicast or broadcast are used. It should
be noted that this behavior might be desired in the context where the source node
wants to probe the system to get insights about the performance associated to
different routes. In that context, each version of the measurement request and

measurement reports would have a distinet identifier. In the preferred
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measurement request via MP2, it optionally sends the corresponding
measurement report message via MP2 (step 240) if so requested. When
MP2 receives the measurement report message (step 245A), MP2
WOAFEL R Back to MP1 (step 245B). [00641 As shown in Egl{ES20¢as3ss
same destination node, (e.g. MP3), can receive different versions of the
ﬁ%gie measure Egt request when next-hop- multicast or broadcast is
us cf’ .|mﬁalr(f)1},’ 5L U wR leriBier cxpnid keiveranttigratifirrstirdnventd
?@%ﬁ@aﬁhge&z@mﬂ@ﬁmma?@umm%@%@& pa%%@ﬁqmﬁl t]llé,
scaneaelion ; ~ cast ar broadcast are used. It shou
be noted thi?th%%%g\?g? n(?%hgt%gi%egs?%d%n% ee%%"t%xf%l%é?é’fﬁ@rmd
1%310%529 CRRGREORy SALL E@ﬁ?dﬁ@%ﬁ@ds%f@modga thsightkagbyoutltheppend its
pelédrmatifierasshoisdath D SiftareRiy eSS uln f&%ﬁ&&l%&@@ﬂﬁ%ﬁﬁﬁ
eb&e measil%%megst request Qd ,m§ urement reports would have a
distinct identifier 1 the preei*‘érre’%jIJIEL 37881BeRdHy svhich MPs request,
eRoTiand el broBaBhip pleasentations thimpsiayl identifier MOME RRiRs,
rautasddesities IRt-yRiHds iStd nation of node identifiers
dlbéng é[& carry thIB%%(et fr%%%é%éﬁ%%%%%&%?%ﬁ ‘é%&“ (ﬁﬁﬁ’gﬁgﬁ/
ACk 16 the Sourcd TRsasibate femerohom antdrsiination addecimamin e
speeifiashadingithet pacitdtaso uichappiactits node identifier to the route ID
[ that t identifi uild itself. [0065] The present
o0 n irrllt‘:%ll lfgggs_ﬁa met_r?(%’ \gﬁbﬂvﬁ%%g?gﬁ udst? 'L@B%%%?RFHB‘FF@EP“S

inventi
fﬁ%‘ﬂiﬁ‘-’t’f%%%é‘&?ﬁ AR -hees dismgesimthesh tiplbeM Al  ofitks. MP<his the
rodsciithe MP sequisesrmeaserameniaanyelaiihe ?Qcﬂﬁ%g%osénd the

Reafig.dastinafiqn point. In this methad, the next-hop and destination
address can e%%%’e%ﬁS&“ﬁ%ﬂ?ﬁ}%‘a‘ﬁ%%ﬁg&%ﬁeﬂﬁfé&fggwmm fgok
ahamd e the esaarrearerisrf othuraMBateribiethmteasuements from

[0osiiple MMM&W@,@Q@@ :All of the MPs in the
a [Quie from.the squrce AP to the estlngeiiﬁcﬁr%l{/lg#%%ﬁ Séy?gza]ﬁirgég 0°SEngs
fhe mé’ésu?grﬁgr]ﬁsaﬁc%ﬁ%cﬁ?@%}bﬁ?@é?%%%%Gﬁﬁlﬁm‘ﬁ%émﬁ@dmon.

Thscemeamiotions e 8edheapisas uiesnetwefotheuMBs LRSI YE
M %g%lﬁfﬁgﬁﬁflﬂﬂfﬁ, PR S APl ST cation Systeyn 390
Mjlgg serve ag intermediate nodes, and MPn serves as a final destination node.
As shown in Figure 8, the source node, MP1, willsend a multi-hop measurement
request message to a final destination MP, MPn, over a route, (i.e., a mesh route),
including one or more intermediate nodes, MP2, MP3. Based on the multi-hop
measurement request measurement, all of the nodes in the route will report the
requested measurements back to the source MP, MP1, via measurement report
messages. Upon receipt of the measurement report messages, the source MP,
MP1, will collect the measurement information, MP1, MP2, MP3,..., MPn belong
to the same route. The source MP can request measurements from one or
multiple MP(s) in the route. Optionally, intermediate nodes can look at and use

the measurements of other MPs on this route as well.
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a plurality of nodes in accordance with one embodiment of the present
invention. The communication system 300 may be a mesh network

includin aflurality of MPs including MPI, MP2, MP3,..., MPn. MP1
"Vs%?\%@"g%“é source node, MP2 and MP3 serve as intermegﬁTg]ﬁ%Oagg?8383
and MPn serves as a final destination node. As shown in Figure 3, the
Il send a multi-hop measurement request message

f&}gﬁe nodeFMPl, il ]
0 a Tinal destifiation MESTHAESS Bubinle Gineh tpates mbetehpatedurce node,

MBLdsegbne orweimsete mmddidiepnodess B en VIR %ﬁ%ﬁgs%g@%ﬁ one
bt t t measurement, all of the nodes In the
£ i'ﬁ@%smt{qm@& i g ougeisluar é)ﬁﬂa‘igs% &EI?? of HEZ, MER/ IP4,

men

]&&/)réj’éie ill report the rmyeste me

r, Vi e SEamanite ATRE serdsieessgemcubumreskint oo 1a, 3a, that
willabareen¢ ninepORIIMERSAUTS SRS aABAP, Wi Wibgollgetthe 4 .
Hb%gﬁpéﬂmem&gr%nagsosg. ‘Ia\/EP1,1:%1]}5%1:2&,Iﬁ P3,..., MPn belong to fhe same
route. The SoUrce MP Cartrequas FaSTEMER IR daEnstinnaddtess
WM EFITPe tharmeapiomsis inanemdiatesandesicab | eoRE AR LISEDS,
riparevsy RN bl IS, foute.as well. -10 WO,
tﬁgqlaéggggm PCT/u_szQc%%éo%éﬁ??ggeg[%%%%eé?ﬁr%“ﬁsﬁ TS atail )i
mesh ronteL s R aAdress god frrmaedtithe roereubemettmenidstp

ﬁwﬁfﬁéﬁ;@quﬁ;@mﬁﬁawmaea@ﬁ@@ﬁi&&ﬁg@%ﬂ?é@{bw%s_%a%l
ithrIEl @ Py, of 0 MPZ2, MP3, MP4, MPS. In this scenario,

“sends measurem(e)irglt r(;a ql%é%n rﬁéggaaé%g Filker ]a“f’axf;%l‘f fednpppement
rﬁ%‘?&ﬁﬁ%ﬁ%éﬁ ® . When MP4 receives the measurement request

(e e e o sl g O
e o Ll When e drstvmrriom Bea s srgerem,

respectively.

the cReasrrReRE xErs Nt eRsstnatitn Rldress Big frwaeele with -
MBEACHHRENE PEHBAURSERIESSRAYCS 5,Wh P3 recejves the
heasurem ntlgequest Srﬁée%ssage Ib%%(%%%\gcg’sgﬂ%fgx - a(%ﬁoélnalﬂségi’?noﬂi%n
aadfe_slél%l%cii FSRsrILsrRanE ol themedas MBS and MBI Bl of
ﬂ{@gsg)alnmasebﬁmdlmmmﬁ@daﬁaamemlh Miubas+he gqggi%qgcwgygﬁg
- rdhR, SR8 ifi ID on en the destination node,
i PSKZ‘A:feI%ceiveﬁJ the %n%%%ﬁgﬁleéﬁt%eqﬂ%es rﬁes%%é%g%&t%g% pgest),

eact 568 ASifrevard the measurement report packet after adding its own

address instead of adding the requested measurement, Also, these messages can

be used as a probe to measure the end-to-end delay on a specific path, (e.g., via
time stamping the packets). The game concept can be applied in case of a
centralized architecture, where a centralized point asks for reporting specific
measurement from all points on all of the routes between a source and a
destination node. The measurement request message can specify that each of the
MPs on a specific route mcluding MPxr has to report its measurement results
back to the source MP.

[0070] The present invention includes few transport mechanisms and
options to report measurements, The concepts which can be applied to

measurement reporting options include having the measurement request
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measurement report message sent over paths 1, 2 and 3 that contains its
own measurement and measurements of the nodes MP2, MP3 and MP4.
If the goal of the initial route-based multi-hop measurement re/%uest was
“Jzegf)%??f%@éver the route, (this can be indicated through the 05e %“P%’“ﬁ%’i;“
in the message request), each node can forward the measurement report

lgéacket a rfaddin%rits own, address instead of adding the requested
Meacurament. Al ,?ﬂ%@a&*ﬁ&é&*&g@%&ﬁere@ﬁé%a siaglymaseageriadbise
dhidopn datdh destiiettiyroNa spetifitspaths(@gueiordipastammingdhe Mp.

: SRS e applied in case of a centraljzed
?grﬁgrlfi‘?g;%&frge%evayhere a? %%%?r‘%‘ﬁ?@g‘gé’? ﬁtg gs S onrgrlg S EREsHHowever,
hyelsretidninarreing sierelinsoverhredroutes between a source and a
[a@Etination Figdee § ERoWe a8 MRMBRLLAIMERLMESE8E &ML PEE ke
a%ﬁﬁpaﬂ%h)?m'\)ﬁgssi%n as gfic raute inclu%%g MPn has to report its

measurament results back 1o The B EE B meR4 hnRsrerbivention.
Theserununisation sevsaraheporaytechamsismsaretkdptbdsio £ eRewlity of

MIFRRSEIRRTRE WP T NSD PRS- Bigh CRP PSP Lesdatgou@c%%%ﬂlé‘wgﬁtand
lude having the measurement request -1

orting options in
1@%%8?65%6%&“&6%%@&668%8%%%&% asierfpahdestingdienthede.
AsrehommabuiBiper i) theinglemesdagain, tbisdsniione ARcBRasIRALRR:
e\ ' repBsNtyApoIteioythe sourc MP. This will allow a
fassta(l}:?ep(i§ %ﬁ%;g;?%ﬁ eg H%Zas%ﬁg%eﬁr/{?rbequeé e%eﬁs}salélg?‘%\?vné% FSPART

SR G R A S hrameg overrdde e Tt Figge B tiroresiahop, Gee.,
MB@M{siary SO0 TYsRGEHRNEYSIAREORNAUInE nRRNIR I QRROdES i

ith one embodiment of the present inyention. The
R AL A
(star NAEQ)inc Wby MBS xerciy PR amehRrevMit semeshsrsagicaiEsle,

i MAAseae-a¢ lelgmeRialepodtnaat MRS (Ce A Il

5 stination node. As shown in Figure 5, the source node,_ , Sénds A
measurenien er%saﬁgﬂe%%gﬁﬁaé%emgé retali s ek meilnhteA vepdide)s

anfdhanasndsnmonkrsqueskrt esgat en MR 2dorAr6 St MMEBE EMERt of

MIeguestPessags-dm e 9&3&"99@ ’ch?NeM Ets? Wiste %%%0%3%9 r\]?v%gltls then
measurements if measurement results are hot

forwards to its final destination MP1 (step 540). When the final destination
node, MP4, receives the measurement request message, MP4 conducts
measurements if measurement results are not available (step 545) and then
sends a measurement report message with a destination address of MP1. That
measurement report is first received by MP3 (step 550) which then forwards the
measurement report to MP2 (step 555) which forwards it to its final destination:
MP1 (step 560). Thus, each MP, including the final destination node, MP4, sends
its own measurement report message to the source MP, MPl, without waiting for
a response from next-hop MPs.

[0072] The concepts which can be applied to measurement reporting
options include having the measurement request message ask for measurements

once, periodical measurement reporting or threshold based measurement
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available (step 515) and then sends a measurement report message back
to MP1 (step 520). When MP3 receives the measurement request

message, MP3 forwards the measurement request mess
WRR% ,Ofﬁe., MP4), (step 525), conducts measurement:%?r FHS%&WOSS%
measurement results are not available (step 530) and then sends a
pgga%%e_mept q;%%)rt lgsszge with a destination address of API. That
m PREPBe VIS 05 1072 1R BRPSEBYSTRReREN Heliren e

asurgmer?t reportis ret
BeRSTeTIad SEAntSMMEstep b 40heudhedie apddestinalien HRASer,

M miacaivasille FRgASMERLIBIUES! Flesaage, MP4 conducts
measurements if measurement results are not avaﬁgﬁ?e Estep%ﬁn&he
S UEERER'S Anhersh nb e B miksagy wikem Wertratidnddite sy nf
W&ummaﬁwmhemidﬁmﬁ& ﬂt%paﬁmigew M&rmgégﬁéqr?%éfmm]@d
ement report to step which forwards
e R bt e oA ALS
ithradditiatbs megeunamantepridistesincmpamsirsnie threpersmnessage

deptiversassine M., MR keythol WRLING, 185 @ I8SPORSE MEHP&(}{QRE are

s, [0Q72], The concepts which can he applied to measurement
%@%ﬁ%ﬁg aﬁ]bi%ﬁ%qﬁn%?ua & ROy Aehrisdirantastrenentrepes saessarsk

FsichdesdinatinanMP dndbe peeiotioahme astytes @atiapaHing Sk tireshlc
rBp&Rd NEAIMEMRN HanyV /099024 RCT/US2006/008383

re orting. n this option,thergeaizsfggr.?e ?%%or%&%%%%prgﬁagchce SRR
m”éeé%ﬁ‘? FRARS PRsERead assnmpancd e thedns onsisort Hossagethis
EHMN];SIEE ﬁgiﬂdmmgmembeaqgeﬂ ﬁmmb%&%eﬁ %qr? 1d the
oSfigLe, ts and each, of the MPs will know when to
report back |etr§ Bg)%ﬁyré%%geé‘r?r%setn g%%%eirot% eheHst rﬂﬂagnMg poftimdhe
SRR AR the measurement request message. Accordingly, when

[o0esisuremBigaare toRduGieadh SRR S ARARM R0 including
A TRASH on%erg&ge%lljggcgl[ﬁglqggw rated in the measurement report
messade, (1e.. I SUCR VLA GR sRbsiment of the prresatiiareatio

%CW‘;\%;E; tHidyuzere e corpehaietivionk iduiiRasi bRty of
MepRiéinRasage:, Fash desfinalipml R pihs-measyem SEhoad fiThhe
Ng%trslgrs m.easurem nt reports and combines them to form qne syn aé%
reporfv’la'l’?l% %mg%wte nodes, and MP4 serves as a final destination node.
As shown in Figure 6, MP1 sends a measurement request message to MP2 (step
605). When MP2 receives the measurement request message, MP2 forwards the
measurement request message to MP3 (step 610) and conducts measurements
(step 615). When MP3 receives the measurement request message, MP3
forwards the measurement request message to MP4 (step 620) and conducts
measurements (step 625). When the measurement request message is received
at the destination MP, MP4, the destination MP will conduct measurements (step
630) and send back a measurement report message including its own
measurements (step 635). On the way back to the source node, MP1,

intermediate MPs, MP2 and MP3, will piggyback, (i.e., combine), their own
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minimizes the signaling overhead as compared to the first option.
However, this approach is disadvantageous because it increases delay at

each node and the measurement report message must go
"E%&?E%“ﬁ%‘&%, MP1, via the same route. [0073] Figure 6 Shg&%ﬁ&éé%o%%ssss
exemplary communication system 600 including a plurality of nodes in

with gne embodiment of the present invention. The
B a2 RRroPeh i gkl
B ih YR gt ree 64041 995,513 65f.MP4. MP1 serves as a source
ovie, MP2 and MEdssrvmRs inlermedplRinedss.A0d ME4 seves asa
flr%al destipation node. As shown in Figure 6, MP1 sends a measurement
RuE ﬁf& Ej’gﬂéliaﬁ@f’é’ﬁ R IR e ERReR B epRage or it can

ques
mzgabacknibat regue stmehsagiath] Rdonyart sihe. Joeasyraman! regugst

. nd conducts measurements (step 615).
R Skt
HeESARERIPERE freyidedt fadbeast & ry tetds 626) dedinatiductsde,
[D0FEbUre MENeSERPTEED WV HRRi bAG: RIS R ARk LA NES S ANR IS4

ived, at.the destination MP, MP4, the destination MP will conduct
T e S  AILALAER Fepsgfements

inn e JaeafRIORRS TeRRnmeRsagere Asistaufptep d3byd aestiih aveiyhdpisto
ohmsaraa0ted W s aEd AP MP3 PR il pdgyback

éi.eﬁ combine), their own -13 WO 2006/099024 PCT
TERREIFERBRIC B S Hizaishdiffrentpate hasdheansasrsement pemiesd
mpssageudewdReriBaréstepsl td BitGbe B0 LERYHANTA (HRe:BerseRltie.
guhigh can j ent reporting options include having
[MPQ; send Eﬁpgﬁgﬁﬁﬁgﬁgeﬁf rrﬁ%%g%gea%r’?ts gnembijé@ﬁ’ﬁi g

2 pipgliBrospadesinacentaptovitaergrrhoditrent of thaghestesinaedionill
lﬂlﬁfdmgei. hefcisiaveyReagoameida Iﬂ%}g}}ﬁ@;@%ﬁ@ﬁ&h@ﬂgsﬁgﬁﬁf %gg]

E%r;?/]\ﬁ%ig_s t ext p. e final destination node.

1\,§/iivesh%{r‘(1?l E%de al dés |ndt?ﬁ%%%%%iﬁiﬁ%@ﬁ%F@W@ﬁ??@&t@?@ and
Mhié ssrgeattintisertiats voteswad MBrhenteeplus afinthdestitatn node.
ABYASHISTISR 5, NP T\RA AU PENLHRRO DEF0AN S LI OPHRBS et
76&9“%&1 ?\ﬁlg nr%clgi%es the measurement request message, MP2 conducts

measurements (step 710), and attaches the measurement resulis to a

measurement request message which is forwarded to MP3 (step 720). Each
intermediate node, MP2, MP3 on the route piggybacks its measurement on the
measurement request message until it arrives at the final destination, MP4
(steps 710, 720 725, 730, 735). The final destination node, MP4, conducts
measurements (step 740) combines its measurements with all of the received
measurements into a measurement report message, which is sent back to the
source node, MP1, via the intermediate nodes, MP2 and MP3 (steps, 745, 750,
755 and 760).

[0077] Figure 8 shows an exemplary block diagram of an MP 800

configured to implement the various embodiments of the present invention. The
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overhead compared to option 1, and unlike option 2, allows the
measurement report message to be sent through different path than the

measurement request message. However, there is still a bit#rocesg& 283
V¥02PAEAY%E the interim node. [0076] Figure 7 shows an eXemissy

communication system 700 including a plurality of nodes in accordance
With 8teneapiecingntefdhg Rreseptnyestion., The communication
ﬁ&iﬁteﬁ@%%%g be.a mesh networ anlg?gd%sgsgméﬂi@%‘ﬂrﬁ/ﬁ?ﬂrﬂ:mm
MPI, M52, MP 3 4RA P42 Ripeuionibas reetivec T detrMR2ap4 Y03

SRR AR ndtRe, nanasoaneIRY seres Asadinal d %slg‘j}rslﬁgg%gfigg.

%gd a measurement request me

Agahvegn F MEL
MP2 (step 70‘!59)&.5\%5&%4 l\%%? retSN e iTE fctdrthndnenemiidst 815, the

meas“(fa%eﬂ}w‘?%cﬁ?@mé thrcasuren 8Atsrstepe/ikd)rphd RAgheS the

Message.
[ﬁ@@iuremdﬁmﬁs@ﬂ;@&éﬁ@%&?{ﬂg st message which Is
Each intermedia Eélﬁsc?gélfll&ﬁfyﬁﬁ?& BP0tRe

griRrEag 49 IVEf(%tF&regﬁ}g'eﬁ%@ 3R enE seumeshiftiteqUPSI00 is not

route piggybacks its mea
Ui it risss eibennbdesinaioRed(B4, 1693 o720 125
sySen/a¥) of Re:finakflestinali de, MP4, conducts measurements
HsleR.£49) Scfg%ginesﬂi??rﬁ%ggﬁ?gr% ents %ﬁ%%%ed?ﬁ?ém%aequest, the

measurementsoﬁ?%rgﬁﬁ]%%%ﬁ%m@mqi@pmqmagmwh@mmmto

isRet afnrddensitetiPNWaston itermediale , nd MP3 (steps,
Figure 8 sh%c%\?v%%?n%%%mﬁﬁ%’ﬁ 50‘%’%1 the

645u1éatbni Bri B8y 077
iy ram (;1 a%él Mggg(g%g}(t:%[:(r%lﬁ&%%s STeHepeararomeatiscemiiodionaits

dia \
0 8doag, as shqwn in Figure 8, or a
reWiFRe MPe KNG MP, 800 inclu ggg pro%g’é@gor 88??%&51@8%’10@“@’
g]ansmitter 815, & Measurs %t%%ﬁ%@ﬁo@%ﬂm@ﬁ'ﬁmow
82 Bﬁ%‘ﬁﬁ@mﬁrﬁwm@mammmmsweﬁ@pm?%ﬁ%ﬁ(généh%es a
maangiveedithife & ' the,_measurement unit 820°and thé
o v SR A e bomnentin

to RE 8 be,incorporated in an
" wh %q%mwﬁﬂ the wpspureBBBofedqigate 5, the receiver 810

when t
04 eives dmmsateemabtdioquasindh e MP S0i5,001 2 FRUICS Mt
of Wiggirateththameas %ﬁ”@%‘i&&gE%&a?ﬁ’f&%&“@%&%&, i the MP 800 is
not a source MP that originated the measurement request, such as MP1 in the
system 600 of Figure 6), In response to receiving the measurement request, the
f:ransmitter 815 forwards the measurement request to a next-hop MP, (if the, MP
1snot a final destination MP, such as MP4 in the system 600 of Figure 6), and the
measurement unit 820 conducts measurements, if measurement resulis are not
already available in the memory 825, and stores the measurement results in the
memory 825. However, in this embodiment, the MP 800 does not generate a
measurement report unless it is the final destination MP, (such as MP4 in the
system 600 of Figure 6), Instead, the MP 800 waits to receive a measurement
report from the next-hop MP and, when the receiver 810 receives the

measurement report, the processor 805 combines the measurement results of the
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system 500 of Figure 5). In response to receiving the measurement

request, the transmitter 815 forwards the measurement request to a

next-ho% MP, (if the MP is not a final destination MP, such as MP4 il? (t]he
FCTIUS2006/008583

“é?@f)é]ﬁlno Y ot Figure 5), and the measurement unit 820 con S
measurements, if measurement results are not already available in the

les of these measurements include, but are not
m%%%%%dan nel (%%?ﬂlaflsg e(5 %ﬁ%ﬁé‘?ﬁ%‘?@ﬂ’éﬁ%?ﬁﬁg@#ﬁ i ¢oNgd)in the
FERRTHEFPRfle ARgSatordher thendikssoil NE0M et e et 820.8fiiEeq
mesmarymaab RIviEOmI0R MARSMIANE ThIARHLS 19 he processor 800,

ich Is SRt UiAfiTe fefidininad

%ﬁl&g‘l en&irgi;g‘s ag measurement report w IS sent, Vi

815 and the ant%%ﬁglggb?{g e FEBM3h Ao figfinkited! theasurement
?ﬂ%ﬁ@%nr@uwomhmm&pam@gw;m%@&% #QQ s

BSRhiy t i 6..the receiver 810 receives a
measu rf&%ﬁgﬁﬁs%%g {)r%%lf@éé GETRGPRSH R A thar enmahinedts
THE SHETRERE ﬁ?éﬁ(itﬁeﬁﬁés*tl}%ﬁ@m&@ﬁ PleavthensysesuBeleatHgiERR) o
HevTaspUisedanasaking O dRaASHIAS B AP NG, HARPIEL B2
ﬂm@ggﬁgﬁgmﬁg@é&erﬁﬁe uest to a next-hop MP, (i the MP 15 110t &
final destination : Stich a8 in the system 600 of Figure 6), and the

[Pr(?ég%ureméﬁtﬁﬁﬂ@b@m@hﬂd@mﬂmhmiﬁmqa%lééﬁ'ﬁﬁﬂier%%dga
Tateof Bigateen dnsnailahled ot nd stores the,
H0SRs Bemeryrbet%ulgs in the rﬂ%%%}%%gg o%%é%%%?ﬁ?ﬁf’gzﬁ%ﬁ&ﬂ'ﬁéqﬁ
the M% 800 doeS R PYEHA AL the measurencahreapert snidsssiMB e fieal
SEEeHhA08 iR youah akloievein hehnysiarnBRRe] FaUkeIotgigadthe
iR 80QNAiSHa /P Bl ment ort from the next-hop MP
anc‘ie .wh ﬂ the reti%év%e%nr?e%%%ggt %esﬁgfsﬁ?gf‘%?ﬂ MbGrresronse to
reﬁ%‘(’:’é’&g B IBESHISTRER  HedRestsunsienty cthetsrebtheeriVDhit 820

c2006/8 996 PATILSZANR08383 MB.AIQ. SRR {6 &Eﬂ%ﬁ%éﬁe
It e

mitB, P esaeagyrement results included in the measurenient repo
procéssor 805 then 8@?1%?5%3@30 ss the Jeerersemertpsruliiony
THETRRCHe T edreadasindimd; testlis ancaseretntari@est and
genensmitendd e aeiashe: 304 I AR MeRRUeTent eportto
re&ﬁgf%ﬂgﬂ/ﬁs% MrF:;v WH%CE may or may not be the source A ST e
previous-hop MP 18 1ot the "N HetpheRsdBchefingi ifectinarined
meiismenisresults to a next-hop MP, (if the MP is not a final destination MP,
such as MP4 in the system 700 of Figure 7). Once the final destination MP
receives the measurement request including the combined measurement results
from the intermediate MPs, the final destination MP conduets measurements
and generates a combined measurement report which is forwarded back to the

source MP via the intermediate MPs without further processing.

[0081] Embodiments
[0082] 1. Amethod of eollecting and reporting measurement results in

a communication system including a source node, at least one intermediate node

and a final destination node, the method comprising:
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measurement results with the combined measurement results, and
generate a new combined measurement report, and so on until the
source MP receives a multi-combined measurement report. [0080] In yet
WA3MEPEMbodiment when the MP 800 is used in the systeRf T/t §p/008383
Figure 7, the receiver 810 receives a measurement request, (if the MP

800 is not a rce MP that originated the measurement request, such as
MPI in the ségt SPBcs e fedinginweosrément remivstinwesigthie P

80 dedvlesnrdntimmeiiiatalydeyward the measurement request to a

next-hop MPBjip;iesponse to receiving.the measurement request. Instead,
%’gi measure(m?ant un%oég%%c%er? S S AL ST eTent FoARSR RssTeRe: the

Gt 4R ISeEmediale apdadene anding theoneory RATrARELINSRIRERERGH o
gestdamhvtkes the measurement results any measurement results already

included in t&(?trﬂeeaﬂlre ent request and generates a new measurement
request including the comn BRfeiirrrediniamrede roadnsting aptmaodents;

forwards thedhetisursnhemt remu esteinabdiing Hacosmbingth Measuemept

FEpoHE1e:3a88 W OB ME (if the MR.is nat a final destination MP, such as
MP4 in the ?é?}t;em 700 of Figure 7 “Bnce the final destination MP

receives the TEABARTHherandeds thefiarlglentnssinbinets mbatiestent
Hesuhsafromibet imtenmeidiniesMBs, the finalidestinalios, MR &ONdNSiS:;
ﬂ@@ﬁ%ﬁ{gﬂgtﬁn&g%}%\ rates a combiged measurement report w |cﬁl}§
forwarded back to the source MP Via the TRESHREARIge oL Gitveer Rodher

[BP58L ssing Z008 1T Eineidisdcoft sngE2henin Invelibesotioo bestingantion
sepanifgMeabUeRent KRalis iﬂoc?e%{%fﬂiégi%%%?mfem including a
a fna

e nodg, at least one.infermedjate node an déstination node,
Etér?ég‘irfleth_odgc_':ompﬁ%%ﬁi%%ﬁﬁﬁﬁ@@@@@?ﬂ%@%@%@ﬁﬂ(aﬁn
AFENBUREa ot sxstenihy ladiens soence nbderiast H655 MR NG 1Ak least

aﬁﬂ%iﬂiﬁﬂa@gﬁﬁiﬁtﬁg%cﬂ?)tﬂ'é (=RTeTe]y SN o) E,(leceiv_ing the measurement
request me§§ e, the atleast one intermediate node forwarding the
t

measurem WEETTGE 5848 afesasisprRIdaequest message to the

at least one intermediate node;

(b) in response to receiving the measurement request mesgage, the
at least one intermediate node forwarding the measurement request message to a
next-hop node;

(c) the at least one intermediate node conducting measurements to
generate first measurement results;

(d) if the next-hop node is the final destination node which receives
the measurement request message, the final destination node conducting
measurements to generate second measurement results and sending a first
measurement report message including the second nmeagurement resulis to the at
least one intermediate node; and

(e) the at least one intermediate node combining the first and second
measurernent results to generate combined measurement results and sending a

second measurement reporting message to the source node.
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(c) the at least one intermediate node conducting measurements; (d) the
at least one intermediate node sending a measurement report message

back to the source node; and (e) if the next-hop node is the final
ViR W8 hode which receives the measurement requestP r%]é[ggéoé)g{(}?ﬁsess
final destination node conducting measurements and sending a
urce node. [0083] 2. The method

gasprement repop mes to the s ethc
? egrﬁquimeqnt 1 \?/Iﬁl(fré? ﬁ%t%g‘efggrﬁ?ﬁ%on|%3?|’6E%SV§'F€H’?S%%%§M‘F€¥WRH
SHeRE B deesheetiosh pralrilee(MRey F808431 pimeREDT collecting
toukepporting measRmpabrealiai: arABHAGANYstem, noudin
2 source node. at Iqbast one intermegii%te node %%%%ﬁé%&&%ﬁgﬁ%“ﬂsg
node. the matnbt ESIRSYRES trwreprae Ablsesséneinteamediate nodes
ahdza Grahdentingliosnoks shg evtttibe cableashene intermediate node; (b)
in response i, iSeaiNiNg.t rement request message, the at least
lﬁne interme((;%te r%%{g%%?ﬁg?d%%‘#ﬁgn ?nglgsaagé?n%%@réﬁq}ggf Mesagsdifta
LRSS oG e Bediateandesne intermediate node conducting

measuremefisiioregpheiate fisivasgy %%&%f&@égéﬁegﬁ?é%
n

i i tination node which receives the measureme
B R AP caia ARl Sreiaseememesito

TGEitarpReding thedistanventrenshs smuliehding abrsurmeastireqRst
HRPOILBTERERARGIHEING mé%mme&éémgpggggy 51048 eg%to}%ﬁét

Qne int&lrggegi)al}te node; and (e) the at least one inte late no
corlﬁ%farllngeihe i¥&t and second measurement results to generate

combined n@dsurspuast tosatisdng tendingereseaaidNeasHEsmethe

RPRUIRGLRESSARLR 19, 10de. -17 WO 2006/099024
“PCT/US2006/008385 E?gosé%ﬁ?#ﬁeg method oF SmBodimErtes AR ciesrthe
e el srerhinina fbererontoncant ereniodeslreritietiv foits

n{MPS)EDABG} IS thetirehtl HAHQEHIRAGHERAMNANDEASINE NS hding
tHEFHLE Bmbined measurement resulis to the measurement request message
and forwarding the measurement request message to a next-hop node; and

(d) if the next-hop node is the final destination node which receives
the measurement request message, the final destination nede conducting
measurements to generate third measurement results, combining the third
measurement results with the first combined measurement results to generate
second combined measurement results, and sending a measurement reporting
message including the second combined measurement results to the source node.
[00871 6. The method of embodiment 5 wherein the communication
system is a mesh network and the nodes are mesh points (MPs).
[0088] 7. A communication system for collecting and reporting
measurement results, the system comprising:

a source node;

at least one intermediate node; and

a final destination node, wherein:

-18-



a communication system including a source node, at least two
intermediate nodes and a final destination node, the method comprising:
the source node sending a measurement request mess§ﬁg§f5%2%og}5§§383

a
‘%ﬁ%og?/?ﬁ%’%ﬁtermediate nodes; (b) in response to receiving
measurement request message, the first intermediate node conducting

measuremeistin, §eRRIALE Ji rement results, appending the first
FQE&%”E% nt resylts to th%edfg]%éggt‘%‘%ﬁrﬁgastufee&%% THuEessRge to the at
orwarﬂlng FaerlakeRadrent request message to a second one of the
intermediatebtiesat thastraspdisimiediate ving Mg/ IRAHIENSL reguest
fegssagnelgsSeeaNLLinigimediate node conducting measurements to
1?ﬁenerate second measurement reauitSPRBIRIM ARG g dhemaeasurement
AT msTsAResults with the first measurement results to generate first

combined mEastHe BtaBAEL5H S RPREAMING, SRS fifstcqmbined .
measur_emeﬁ%r%ﬁglg%ltg the measurement request mesSage ang oS
forwarding the measuremanrademetiresnge sendve maasprandat wpdrt
WePregsagkinbie modectstiinds;fmal destination node which receives the
measuremew {84 the final destination node conductin
rmgg&yg&mxgms to lfgﬁeﬁle?ﬁ%% m%ggglf%lm%% FREARE CBREH ARG tredtird
MeasUTame erestfressageknt hesousin bt iftha sersrhephods bt tofnal

dgetinnsien sedendibimbinrdy TR EANARRM SRS YIS 210 Se0ding a

[poggpuUremenNt repgrting message Jin I.udin% the second combined
measurement results t Stﬂéén s%%%fg% ﬂ%&%‘?ﬂ 008 AW e thmearsataication

b
“EHBB iRt habrerk ard dbamdescatonesy sidrtigMPaRsh network and
[4hethodes @re mesh joahSdMRD: (981 A £omynication system. for
nﬁ%g%ml?nl% Sr'%ﬁgr%ngs ngeasureme,n_t re_sults, the systemm com ﬁgﬂ’f@‘?‘g
source node; at ledst on ﬁ?f‘é‘r?ﬂ’é’éﬁ’é‘f’énﬁode; and a final destination node,
wherein: -#$%W0e208%/099024 PCT/US2006/008383 (i) the source node

sends a MaaRHAIRRYBMEIHNEIRAYSIO e at

a final destination node, wherein:

(1) the source node sends a measurement request message to the at
least one intermediate node;

(ii) the at least one intermediate node forwards the measurement
request message to a next-hop node in response to receiving the measurement
request message;

(iii) the at least one intermediate node conducts measurements to
generate first measurement results;

(iv) if the next-hop node is the final destination node which receives
the measurement request message, the final destination node conducts
measurements o generate second measurement results and sends a first
measurement report message including the second measurement results to the at

least one intermediate node; and
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least one intermediate node; (i) the at least one intermediate nodt_e
forwards the measurement request message to a next-hop node in

v@%sg]%nﬁ%‘g&receiving the measurement request message;l@il)fgggoggdﬁggg

one intermediate node conducts measurements; (iv) the at least one
intermediate node sends a measurement report message back to the

source node inal ination node conducts sur_ements
and sends a@ﬁ%&? r%%’gg%%%g%ﬁ%é%&%’%&? ]éﬂnkélcl)]ﬁ Pctg%%aﬂsé,aﬁ‘?ﬁémﬂd

A ASHESG é%%#ﬁ%%%ﬁna@éﬁmn&md@whmHMimﬁqu sends a
seeasd reeasiiaiaahbRifPR5eR 8RsH08 9 8nd Dr:RYsIRRLOf embodiment 7
Y\ﬁ'ﬂ@i‘fi” the commyinicatign sFte r(_:]{s{ﬁaﬁmesh network and the nodes are
mesh points (M PT#’[@(%B G R Eﬁﬁgn‘@fz‘%‘ié‘ﬁﬁ the comsetnipation
PEpkSINE armegBuettork rasults thdesystemeshrppitisin@IBspource node; at
leasgione intermediatg.pafenRad.A fiRaldgsinatignaede Vﬁﬁ?reﬁg i) the
source noc{lz; sends a measurement réquest message to the at Ieaeto

TREeTmedate FodEs Pt soRLesiésiRgrmediate node forwards the

media
measuremeasoegeestmessage to a next-hop node in response to

receiving thg mgg?%ge&%%%tergg sa eé[(iii) the at least one

intermediate node conducts measureme?ﬁ.s O generate first
measuremehfiRd destinatienrodewimginode is the final destination node

which recei@shihe ipanssieBant BYULsL DRSS, [be. m&ggﬂﬁ‘é‘ﬁ?&

cts _measurements to generate second measurement results
%%%%ﬁ%g’%’ﬁ?ﬁ%%%ﬁ%mem report message including the second

measureméh? thgfiestdntramediess node ieteivae thatenandaeanst 2HMWQ
ﬁ%ﬁé&%&ﬁo@@émg&@%erate first measurement results, appends

the first measurement results to the measurement request message and forwards
the measurement request message to a second one of the intermediate nodes;

(iii) the second intermediate node receives the measurement request
message, conducts measurements to generate second measurement results,
combines the second measurement results with the first measurement results to
generate first combined measurement results, appends the first combined
measurement results to the measurement request message and forwarding the
measurement request message to a next-hop node; and

(iv) if the next-hop node is the final destination node which receives
the measurement request message, the final destination mode conducts
measurements to generate third measurement results, combines the third
measurement resulis with the first combined measurement results to generate
second combined measurement results, and sends a measurement reporting
message including the second combined measurement results to the source node.
10093] 12.  The system of embodiment 11 wherein the communication

system is a mesh network and the nodes are mesh points (MPs).
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(v) the at least one intermediate node combines the first and second
measurement results to generate combined measurement results and

‘f&lggﬁ@gg%cond measurement reporting message to the SQH%SQ&Qﬁmssss

he system of embodiment 9 wherein the communication
system is a mesh network and the nodes are mesh points (MPs). [0092]
Ibbods commyication srslece i SRlierling.and sponing measyrement
results, the system comprising: a source node; a pﬁuraﬁ y of Imermedrate
SRR HEROR AR oL et e R aRsmaedm ali et errieieToeiidemndde
andasiirainbustiredieshadesiaoe dthadicshPRgQE-the intermediate nodes;
(i) the first i late node regeives the.measurement request
message, cgw%gg%%ﬁge%a%% r%?negﬁ%lsl & gt%“ﬁlel%a ?ﬁ?@?%ééﬁ%ﬂ‘?@ﬁ%ﬁ%,
reApetidectrrenitethedinnl dovtinntion nidetusing destisatiomentoratinest-hop-
unkasbgddasdiaswards the measurement request message to a second
one of the irgrirmediate nodes; . (iji) the second intermediate node receives -

the measuremBit AP Thedemsihe drekrititnandsramehtacas yementte

rge_ewfcmﬁwgeréhmﬁlmu hse Doebirdinthesde dotheaRY CHAGRISRHS
wii-tRa i stiReasUIBMAN 1o3H IMIPIFASES [zt fombined | o1
nt results, appends the first comblhed measuremen res‘?ﬁf’é1

measurem
I?Sﬁﬁ??ﬁé?@ﬁ?@ﬂh?ﬁ%?ﬁ?&ﬁﬁ%%@%ﬁﬁm@ing the measurement
;}eqi z;t& me@ﬂﬂgﬁé@a&ﬂﬁnﬁ;\ hopeiatee I%]Eldl @eyifdhanexidacpiacgdsig

Hig At 0 ich receives the measurement request message,
ke %%?s’%%g%oﬁaﬁsgééng%ﬁ‘é‘[?c St redudime geifpption
retfgemnntsined teedhigh measummenrepsri s wsithsii

tiissioaoes hio@dvinaas R IRSHEA ERR/ Alesecond combined
urement resylts, and sends a measurement reporting message.
i the sccukt BSHEN EHRESLPERich TSR P SoaraacABee.

including the secon
sYoru3]s 2 nEsh nybwerk ehdiiizotideenir: natle peinth @Y MUNication

[BgEEM is aigeshrhe MAteABESAAEH A PSSR PRIDE (MPs). -20 .

based measurement request message and the measurement report message are
unicast messages.

[0097] 16.  Amethod of collecting and reporting measurement results in
a communication system including a source node, at least one intermediate node
and a final destination node, the method comprising:

(a) the source node sending a destination-node-based measurement
request message to the final destination node using destination-unicast/mext-hop-
multicast addressing, wherein the destination-node-based measurement request
message is multicast such that it is received by the at least one intermediate
node and the final destination node;

(b) in response to receiving the destination-node-based measurement
request message, the final destination node conducting at least one measurement
requested by the destination-node-based measurement request message and

sending a measurement report message to the source node;
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WO 20061099024 PCT/U52006/008383 [0094] 13. A method of
collecting and reporting measurement results in a communication system

W&me%@ﬁource node, at least one intermediate node a%ﬁﬁ%bsmossss

destination node, the method comprising: (a) the source node sending a
destination-node-based measurement request message to the final
des_tlnatlon nede uging?gﬁﬁmg@thg-Ufggmxtﬁﬁgpaggcﬁ%ﬁo%ggg Seing.,
Qg d0Jesponse tge%%celv%%ﬂ}%des ination-node-based measuremen?_
request message. the at Taaet Bhali Baitsrpedisteradanisagmanting

ﬁm@mm@n@ﬁMatmmdemwﬂmm least one
festnationynadgshasrih MEASUIE %@%}éﬁﬁgﬁ‘%‘ Eﬂ%séas%&g%igg@? X 'g]?aﬁed

node; and (c) if the next-hop node Is Inal destination no

%%aeﬁ%%nﬁélg’ff@gﬁﬁﬁm?ﬁgﬁﬁ?j@%agﬁﬁhﬂﬁaéﬂirfé‘rﬁ%friﬁgeqmést message, the
final destinatid i theteaeimhOIRG FEL SRS SRR SRRNNG, 2oro, the at
RENL, message, 1o the source node via the at least one
lgl}lg%e?r%ﬁ%%iate no%ﬁgé[go%% i‘%.ed%%mee CSH A ETRESRRaTed TRaRrERent
A teJhectinad dephiasitiormodrvimuddhenpdesltirastiagh points
[0age3). [00967.15. Thereerbe¢ri-Lmhedinets A3 Maersinhg ..

destination-p - based measurement request message and the

measu remeﬁ? feport mee g"g?‘é%?c’é’ﬁﬁ%@%@%@%&@%e from
throth depst el dnttmmedidteopuiting measurement results in a
communicagprigystomdacluding, a. ode, at least one intermediate
tnode nd a final destination node, tlggfr%%%%ogérﬁpﬁg}%ﬁ? (5‘ &%o
HouE Sidg A fex thatithe Apersirsseeniaseisrs rmeseagsciaas copessage
ongtreefimahssimgtad node using destination-unicast/next-hop- multicast

addressing( I%ﬁgeég&pc% destination-nade-based measurement request
message is érgllulticast such that ItTe recervedd &Y Rylichsting of the

SRR SIgat apeREAEEfinal destination node; (b) in response to
[Geaajving thisdestmatinsiiarer BABRHiMeAS YERRLif AU SIS 38980

e final destination node ductjng at least one measurement
S%%;ues%gd%ﬁ/s%h%edvggﬁ?{ngjﬁ%%- ﬁé%ﬁ@dﬂrﬁﬁhgmgﬂﬁéquest message

(03,081 19. A communication system for collecting and reporting

measurement results, the system comprising:

a source node;

at least one intermediate node; and

a final destination node, wherein:

(i) the source node sends a destination-node-based measurement
request message to the final destination node using destination-unicast/next-hop-
multicast addressing, wherein the destination-node-based measurement request
message is multicast such that it is received by the at least one intermediate
node and the final destination node;

(ii) in vresponse to veceiving the destination-node-based

measurement request message, the final destination node conducts at least one

99



sending a measurement report message to the source nodg;_-Zl WO
2006/099024 PCT/US2006/008383 (c) in response to receiving the

ion-node-based measurement request message, thfc‘f‘éﬂ?ﬁﬁﬁfﬁ’dﬁgss
Intermediate node decrementing a maximum number of next- ops to
determine whether the at least one intermediate node should continue to

opagatfe iRl oy Reledasa measy goest message
eiia next-ho??n%itﬁastﬁaﬁd (d) if f[%Ilweomaximllijgr1‘3[1%31(?%1r%[l[b?éﬂﬁug ?113)?% 8%%%

greater than zer TEARPBHEPRAE RRSHRES tadde serumeptse
destination-lﬁibﬂe-b!asedesmsaretrmeﬂécéﬁﬁﬂgsgl?esme_?ﬁlmigﬁ?ﬁﬂg@lﬁased
inati ' Sapmulficasting. [0 7. The od o
ssisanesi s SN ol B
TELERm BRI u S Arstdngs fordethanin achetieintbematitash ode;

i)¢he shiateamnbs eliealy piaing 506 9?9555%%%%&%%&%%%?&9
j ifi t the measurement reqyest message is a )
%&gﬁ%%% (o) the sotrcar %%%ﬁﬁﬁ?@&?ﬁ@t% #&her multicasting

of the meaéﬁ?éﬁbﬁﬁéﬁh@@m&s@g_ef 080BhASis Bhentnetha o, the at
P N i S e SR
d the nodes are.m ints (MPs). [ . Inicai
ek arRsR RS e ARG Rl et ResAes e tystom
[B&PAprising 28 sourEbesuitemtdbanbodienkiic TRediaieiAPHE Rt A fn8LA
nadi 11 i ource node sends
fé_g%wﬁg%:gr%%%%g?tﬁgig%g(gggﬁeoragsn?r?endﬁseﬁsp ?n%%s@%‘g% the final

nation fbdé*u S aEsinwifen-artemy fext-tallpctingticast ackgrasking,

meheveemite: desiitgtiba igtenasqdigigasurement request message is
multicast s%c%lgggt itoié received by the at least one intermediate node

e e .
and the final estlng’uon node;
at least one intermediate node; and

a final destination node, wherein:

(i) the source node sends a destination-node-based measurement
request message to the final destination node using destination-unicast/next-hop-
multicast addressing, wherein the destination-node-based measurement request
message is multicast such that it is received by the at least one intermediate
node and the final destination node;

(i1} in response to receiving the destination-node-bhased
measurement request message, the final destination node conducts at least one
measurement requested by the destination-node-based measurement request
message and sends a measurement report message to the source node;

(iii) in response to receiving the destination-node-based
measurement request message, the at least one intermediate node decrements a
maximum number of next-hops to determine whether the at least ome
intermediate node should continue to propagate the destination-node-based

measurement request message via next-hop multicasting; and
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VVU/ LVUVV/VJIJIVLT 1T UI1ITUODAVUUVUU/UUVOJV0OY 11HITAOUICTIHITIHILU Icqtil m ﬁbk%
W0 2006/009094 gf gt%/ 83
stinatiori-node-based measurement request message and sends a

measurement report message to the source node; (iii) in response to
receiving the;gesiRationnods _Qﬁﬁ%%ro n%}%ﬂfh%ms%gt veter than zeve the at
iqee%&%t least one intermediate node decrementsa” maximu Ber

a5 Themtetinthcqin aeadthatdestinehen-imderhesidienasieement
$h@¢dt@£ﬁ§ﬁg€ﬂ@thm?lesﬂ%@;ﬁ§tm;{%%;§g %gﬂ@&%%r >ment

st messgge Ma next-hop multicasting; and (iv) if the maximu
nﬁugnq%er. of r?g‘%-howpgﬁg%sﬁggfe?ﬁ%%%@%?%glaw Leipdihe rosmvedeation
Arders dhasgrd aethedtiondibdabisetreneasupemen(MBslest message
totibg final demtivadRRmCLs 08X NaR Ml Co?ﬁ%%gﬁllgs%%%lié%nm%
gystel Ll eéglbodlpeném wherein the communication system'is a me
Network and hRrASHEY sraboruiepisimeiiswarcoubinations, each feature
eorlemmit stiorbsysietmionectizhtiog tathiBpOriAmReASUQRRILe S!S

ising: node: at least.one intermediate node;

e T BT e Bt of e
FESARLIIMMe-based measurement request message to the final
destination node usirg destination-unicast/next-hop- multicast addressing,
wherein the destination-node-based measurement request message is
multicast such that it is received by the at least one intermediate node
and the final destination node; (ii) in response to receiving the
destination-node-based measurement request message, the final
destination node conducts at least one measurement requested by the
destination-node-based measurement request message and sends a
measurement report message to the source node; (iii) in response to
receiving the destination-node-based

-24-
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destination-node-based measurement request message via next-hop
multicasting; and -23 WO 2006/099024 PCT/US2006/008383 (iv) if the
maximum number of next-hops is greater than zero, the at least one
infef#ittiate node sends the destination-node-based measurement
request message to the final destination node via next-hop multicasting.
[0103] 22. The system of embodiment 21 wherein the communication
sybtem i& AFHOSOHERRURPKIHISH tHesH8adR Ardrpiss mstingtymib dhe ettt
Althaisghitbe features and elements of the present invention are
described In the preferred embodiments in particular combinations, each

feATREINgeNs IR am bErsoriielatraehirek MBI e fésufes sand

elesrRRIgdRENOVREQHS MVEF, GRIBINABANAILE Granihadtwmier featukes
and elements of the present invention. -24 Claims: 1. A method of

trdiRTtiHE b Sile s dMrEred e s e W GFRS TR ity field that

COMMPIIRKG: fitaiviienA¢NQaaRgE Hromb arfisstwiirelesrl masiip Qiii\WViRY,
that includes a source address of the first WMP, a destination address of

a SECHRE NI e diaivar adiliress Figld that includes a first receiver

adgiesagats ansaktesagaiess fipld thafanclides:@ teshibansmitenber of
address of the first WMP, and a value equal to the maximum number of

neehByP i reses OBl Pgatn g Fhadderss BShatBmBRtAg Yih 2
vajel ROt thedreaximupy asinber s thaxiiepAdee shasihyuReating

the receiver address field in the message with a second receiver address,

ant By lgiRcr YRS AdFsiARgr address field in the message with the first

regeiveiiaod rsspand Rk iiingethe inadstad. message to the second
WMP. 2. The method of claim 1 wherein the message further comprises a
destination

2. The method of claim 1 wherein the message further comprises a destination

count field, that includes a number of destinations contained in the message.

3. The method of claim 1 wherein the updated message is transmitted to at least

one other intermediate node.

4, The method of claim 1 wherein the destination address is a media access

control (MAC) address.

5. A method of forwarding a message in a wireless mesh network, the method
comprising:

receiving, at an intermediate node, a message from a first wireless mesh point
(WMP), that includes a source address of the first WMP, a destination address of a
second WMP, a receiver address field that includes a first receiver address, a
transmitter address field that includes a first transmitter address of the first WMP,

and a value equal to the maximum number of next-hop addresses field;
25 [oJe]



Ualioliicu (U at iIiCaol JUIIC ULLITIT nitchicuialc 11ivuc. &. 111CT 111CTuUivu vl
claim 1 wherein the destination address is a media access control (MAC)
address. 5. A method of forwarding a message in a wireless mesh
network, the method comprising: receiving, at an intermediate node, a

mERd e therhe s Widaaemenban (o upRmMB oS iR Bader s
adirespfathectist Ea@ﬁ%ﬁ?ﬁt%eoﬁﬂqf&’éﬁ&f BSOS Mg the

receiver address field that includes a first receiver address, a transmitter
adareeriaddrenniieldlipeeanisnge NaHhiths: SIandSShiFee . by

ang@yRluR-afahiadhaimaximummnunelsafnext- iRraddiessasatiglels;
25 00 updating the message by decrementing the value equal to the

ma%¥mum number of next-hop addresses, by determining a second

recqivauAddressaRvRCALRG SR feeavervAdress field in the message
with the second receiver address, and by updating the transmitter

address field in the message with the first receiver address; and

fogvardimgcthie dipdatedimes sadrR teothsSeee faniUih Ghd irimathed ak
claim 5, further comprlsm% transmlttlng the updated message to at least

orl@ Htlsas ipie et € BO%K-wireless mesh point (WMP), the WMP
comprising: a receiver configured to receive a message from a first WMP,
that includes a source address of the first WMP, a destination address of

a decond Witk sHetaromt QAT Sh T NYHHSRTRERIBES a first receiver

addressicd dhangmities aderess fielch goatonclugasiavirshitananadter source
address of the first WMP, and a value equal to the maximum number of

neXidrshohdi BE N4, dﬁ%ﬂ?&%éﬂ%éﬁﬂgﬁlﬁf&&% Whlads e Yrealdsess

byridrciemacing Whervaleriegualdiesthe tmaximeradawael Ofaexichdps a
addresses datipng the receiver address field in the message with a
\E%‘ s§, éﬁFd ’tl*?‘Bd[rénV@Mf‘ttéﬂ%dPeg@ flefd' " the

mﬁ&ﬁ@gleomﬁxtﬂnepfmdlees@ﬁerdaddress and
a processor configured to update the message by decrementing the value equal to the
maximum number of next-hop addresses, updating the receiver address field in the
message with a second receiver address, and updating the transmitter address field in
the message with the first receiver address; and

a transmitter configured to transmit the updated message to the second WMP.

8. The MP of claim 7 wherein the message further includes a destination count

field that includes a number of destinations contained in the message.

9. The MP of claim 7 wherein the transmitter is further configured to transmit

the updated message to an intermediate node.

10. The MP of claim 7 wherein the destination address is a media access control

(MAC) address.
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the message. 9. The MP of claim 7 wherein the transmitter is further
configured to transmit the updated message to an intermediate node. 10.
The MP of claim 7 wherein the destination address is a media access

cohltrol (Mpitsiestiesl g0 FOMB), R MBSeHRESHS0int (WMP), the

WME:EQBRESING A IS SRIVOE GORAIGATEH IR FeGRIVE RPN BRS AR AN Rifitst
WMP, that includes a source address of the first WMP, a destination

achdress of thesties NEMRao Bessiriverrg e seopambMMP iA crseiver adsiisss

regeiy ek RessS Aftransreiliaraddiess digldhiinat latvdese fkstincludes a
transmitter address of the first WMP, and a value equal to the maximum

U EFEFABEE ROre b s eI MEyr aeb s Sp BB iy del theupasiaie

MessBeEoPYAERG MRS thedvalue of the maximum number of next-hop
address, by determining a second receiver address, by updating the

reBdRSESAHR8E SR ifP tH A s Jistings the Lsedrritiagdier difidsde

angaRidRtiating: e ternsepitieraddie asdigithinthe-foas sagr withdai fispt
receiver address; and a transmitter configured to forward the updated

. . 1Sm| ) up
mEBLHHS thetFreLUEANdreRAVISI 1D e aaRtRED ¢RI PICARIERSHEi@ddress,

trangnpitiggdsgifierthe iapafitlredde iarRamit tHhandpdatedimarsage tRaber
Iea(slg1 one otdher intermediate node. 27 00
address; an

a transmitter configured to forward the updated message to the second WMP.

12. The MP of claim 11 wherein the transmitter is further configured to transmit

the updated message to at least one other intermediate node.

27 oo





