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[0006] Flow control dynamically adjusts the flow of data from one node to

another in the network to ensure that every receiving node in the traffic path can
handle all of the incoming data without data overflow. Flow control algorithms
have been developed for different kinds of networks, (e.g., asynchronous transfer
mode (ATM), transmission control protocol (TCP)/Internet protocol (IP), or the
like). However, a flow control in a wireless mesh network presents new
challenges such as frequent re-routing, bandwidth fluctuation and scarcity of
resources on the wireless links. IEEE 802.11 wireless medium access control
(MAC) deals with point-to-point connections and does not address relaying and

forwarding functionality of the mesh network.

[0007] SUMMARY
[0008] The present invention provides a method and apparatus for

supporting data flow control in a wireless mesh network by reporting to a source
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[ 0007] SUMVARY [ 0008] The present invention provides a
met hod and apparatus for supporting data flow control

WO p0os/0nu3r2l ess mesh network by reporting to a BOUDSEMN04400
in a particular path the allowed data rate that each
MP in the path may support. The source MP sends, over
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[odabpi | ed AH&i‘ﬁBﬁaﬂ?gﬂdh ngualftyt bfs sbmeent@am rfastd bmdﬁmdmg QoS
fromthe foll @hg descri ption, of aprefer

VY maEb

paraveeterseior thetle mggbomelideip dha fata %n‘ggCK packets.
understood in conjunction wth the acconpanyi ng

drawi ngs wherein: [0013] Figure 1 shows a nesh network

[0011whi ch t he BMEEW)ESGR&BTI@N 0] 'DHE)I'E&héeWﬂH@rS [ 0014]
Fiqure 2 shows

eader® M5} d%aggé HB‘iier§ gtOfEﬁCket 8%??? n}a%’ bfé’@fﬂﬁ om the

fdTioWHA S dSs SRR of aGRbRRAGkEodinbht, givdAByveadefiexnhiptdiand to
supports explicit rate-based flow control in

bauwdetitonskingonjundsionyish dhe apeeinsny B diaoving] VBetRire 4
IR, 5, Bt Gy o
irAplepeaked; wi th a MAC header which supports explicit

G PSS L YRS & Bhiot ErAREOPSRE Gt d aC etof B does
not support flow control;

[0015] Figure 3 shows a data packet with a MAC header which supports
explicit rate-based flow control in accordance with the present invention;
[0016] Figure 4 shows a prior art ACK packet with a MAC header that does
not support flow control;

[0017] Figure 5 shows an ACK packet with a MAC header which supports
explicit rate-based flow control in accordance with the present invention;
[0018] Figure 6 is an exemplary signaling diagram of a process for
supporting a data packet flow control using an end-to-end ACK mechanism in
accordance with the present invention.

[0019] Figure 7 shows a data packet with a MAC header which supports
explicit rate-based flow control based on QoS in accordance with the present

invention;
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[0018] Figure 6 is an exenplary signaling diagramof a
process for supporting a data packet flow control
wa@giongoadn’ end-t o- end ACK nechani sm i n accor danP€r/us1006/004400
the present invention. [0019] Figure 7 shows a data
packet with a MAC header which supports explicit
- bas n ed: 1N
2P e Mt S e RO s B o R s of »
p?mdss%r aupp@kimen data ichaiflowgodirabbrnsingfa thaprlsche” ACK
or supporting a dat acket fl.ow control by using a
meRR B RGCOTAER e BT TeET ot AREST M ce wi i h t he
[gpgpent imyert 1®8howda2ddiorRig eguddd-t6301& (RTH) backetvtith a

request-to-send (RTS) packet with a MAC header that
Moe beadar thap goes nati ssppedrlavorontr@dp22] Figure 11 shows

i or ,
RaBL o HpEF R Ry SR ASE 0 MG et
tleat dsESnpaskgioriilow cantdGCheader whi ch supports fl ow

control in accordance w the pr.esent, kavent i on.
(B e Btk O S ERlag REBU Rl o
BRsREroMd Becdrddiee RAHE e plRBéntIROENtIGH; Support flow
control; [0025] Figure 14 shows a prior art sh CTS
[(2dket wiltiguee lﬁa&hq’v@a@pmt awhclegade-sapd (G et Wifiya MAC
control : 026]_.. ELaur ws a CTS packet with a
h% rﬁ@‘%&%&’&vﬁ‘ﬁcﬁ?%§g%pfg%v%§°’f‘%w control in accordance
[0025h t he Figasehd showeatprion arf 808K CTS packet withs & dRSC dreader
tdat packet Wil‘iglﬁa MA%:#_eader whi ch uses a congestion
hafrqea £i0b AUpRPrE Y8 P ow control ; [0028] Figure 17
GBS an HGKPAtK Showd & IUTS plikehaaihes MXC biBadiseshieh supports
congestion’indication to support flow control; and
ﬂ[O@G@QTTOSng aeeord@ndesvish thepraseal PVBNHER: di agr am of an

used e r kiU : [ ;
8o HRaky STFO PR SRl S Ao MIUGh i vcs o
congestion indication to support flow control;

[0028] Figure 17 shows an ACK packet with a MAC header which uses a

congestion indication to support flow control; and
[0029] Figure 18 is an exemplary block diagram of an MP, used in the
mesh network of Figure 1, which supports flow control in accordance with the

present invention.

[0030] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] Hereafter, the terminology "MP" includes but is not limited to a
Node-B, a base station, a site controller, an access point (AP), a wireless
transmit/receive unit (WTRU), a transceiver, a user equipment (UE), a mobile
station (STA), a fixed or mobile subscriber unit, a pager or any other type of

interfacing device in a wireless environment.



present invention. [0030] DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0031] Hereafter, the
W@ egoaovisrogy " MP' includes but is not |inmted POI/ES2006/004400
Node-B, a base station, a site controller, an access
point (AP), a wireless transmt/receive unit (WRU), a
[0032]scei VEhe fentussrof ehel pruvent invefion andyobé ir&oﬁﬂc&hi;e@rinto an
STA) & nobi | ¢ subscriber unit, a_ pager
%Reﬁeqlrw;}p CYr {PRiceR igeradgingR ¢itewiticampriging pagultitude of

lﬁfé\fbglﬁ{bgﬁﬁgcg ggggm‘srhe features of the present
I nvention ey Dbe incorporated into an integrated

[@0336 ui t (Frg)lr@ i shews o miéshuredatorinlQ) i whichthe prgsentinvgntion

d nt.er conn hn co on ts
el Yes e HBHERRSTRR IR0 BB R Rl Blint AR Lapestoze
EasteMP 102 is Sommlséﬂl‘@mn@@r mide neRHBoFiag MIPK1 0D d recewes and
conprises a plurality of MPs 102a-102 Each MP 10

tepsmeits dg v %F’V}Wé’r UG YhAdPIy f%pgtlsz&’ﬁ d102 A'data
Pafk& ¥&7 B kb@ks rﬂ/ﬂ’slﬂ)é §s ¥kl Bibhsh Wak! & ﬁfbgé HHp8Sto a

a router for other . A data packet sent
desting@on/MP 002. | @rrexatr&de,tardabal phcleth eemrbyﬁﬂd?elﬂﬁapnay be eouted

Bt AR R A Fone BipeROTPT 0B 05 RrPAG e E SR ncwicen

1E&Iié1wMEler@ gndliebemehiesd sipRale ¢hislinlirfabiafdwiit sﬂ)uk'éé MP€02 in
WI .reless environpent and signals this | nf or pat i
aRpneENpn e foreeging W@ngfplﬁaM?ér 0%eanchd02¢ may send a

rﬁégsgggt@ﬂleemmﬁ nd\{ﬁ%rfk%%fl\qp 402929 arﬂ%)ﬁa Sf%ﬂe ?tlée g%ttaaﬂow

nessage to the MP 102a notifying the
avatlebleghrough thetpathl ow avail abl e thr ough t he pat h.

DO | THEERIERYE fith Snb SRGERRRRATE puiopk Mreption, when

aRek&tMP(102a&eB & @d@ta pm:ket (vih eerRAimére iMRsmbAdke M 1@2) to
destination MP 102, the destination MP 102 sends back

apfdestmetionc MR 193¢ the idsstingfdons P JO2\enrsobagk pRACK packet
OBRYiAR rth@gsuﬂgtnﬁ rel@g%f tﬁégp?ﬂgﬁn%g@%% ggs RALR 1P 1096n the

dat'a packet t estin term nes
pa‘tla pf thisldatalpecket ta thealedtinption 85 102debermnirsslavaiabla data rate

an tuepd];1 Itﬂe Iaxr}gfle%ie %al;a ratQ %eMAChl%%d& in ﬁxe I{/IIA% atd%r of the data
packet before forwarding the data packet to a next MP 102. The destination MP
102 recognizes the available data rate, which is updated by all MPs 102 in the
path and sends back an ACK packet with available data rate information to the
source MP 102.

[0035] Figure 2 shows a prior art data packet 200 with a MAC header 205
that does not support flow control.
[0036] Figure 3 shows a data packet 300 with a MAC header 305 which

supports explicit rate-based flow control in accordance with the present
invention. A flow ID field 310 and an available data rate field 315 have been
added to the MAC header 305 of the data packet 300. The flow ID field 310 in

the data packet 300 identifies a current data packet flow under consideration.
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packet before forwarding the data packet to a next M
102. The destination MP 102 recogni zes the avail abl e
wa@l2aa08/09@3re, which is updated by all MPs 102 i nP€TESas/604400
and sends back an ACKpacket with available data rate
information to the source MP 102. [0035] Figure 2
Bieomeaitahie data ate fiddd 31Pae kled d2080padket 300 MGciiRs defequested

G R AR SSroWFeaE HROT AR apissaiAiTate that
cHeRROP 1920 %ﬁﬂt%cu[ﬁl&tﬁ%ﬁ;dpfdv%. control in

accordance wi he present” Tnvention. Aflow ID field
[8887]and aKiguraidishbwe aduiar arbACK pasket 4AGwithecMadtheader 405

@%gﬁg?stgott%%ﬂg/@&ldﬁg%gﬁ{,oﬁOS of the data packet 300.

ow | I'n" the data packet 300

[0088it i fi eFiguredrshewnits adxiaek%f{qmdbkéﬁ 500 W%fLmNiEgC %?Laéder 505 r:;vhich
consi derat,j on. The avai |l able data rate fje 15 in the
S&@Pgﬂsa@@%cﬁsdetq-bﬁﬁegaﬂ@g SOTYEQl Bk asqorgange EtR, the present

iﬁirel_ﬂ:lion. lbﬂrlgd% #beld BY 0th@ ﬁﬁ&%@aﬂ%gé%r% 14 515 have been

avail abl e data rate that eac on a particular

geisled tordhe MIAK hdader] BB thEiA(UK padkettidls BhepflowdDefidld 510 in
ket it h.a MACheader, 405 th does.not . .
B oRor bkt obuflel b6 SRRT el Patrs® ebiiERadt Vonsideration.
T<padlable B mité Rl SPCHRRARIta PACkMBODNnIiAREY 418 available
explici raﬁe- based fl ow contrqgl in accqordance with
qaﬁg rﬂieéilém; 4 $AKEeR MEnL02amay yae oo transmaitting thedatgpacket flow
AVRikabhe tlehew TR Sa1fiisghd 515 have been added to the
MAC header 505 of the ACKpacket 500. The flow ID field

[803P]i n t hEBigheK 6piscie ex0plaryl eignalingsliagzom 0é atproetsa 600 for

Kk f | ow, under nsi deration. The,avail data . .
sREPIFne 0 G4 BERo TR bl el on 650 U R A K o pfmiom im
azvaidhatd eitlotle padsent hatentida. SDwo GRtdvihelilide MPs 692, 606 are

ransm ttjng the data packet flow identified by the
dfemf\k? B Hl%qw& & 29 a1y ypvaRlepyiuthere may he reguermyi lgps than two

ifteaRRINE MIPSS BIpAh & ReAeEERadAPMPE0S %’&gfr%é%’ 602 sends
data packet flow Control using an end-to-en
angathpackeh 300 tadbe intarmediate MR 6@4 (stegs@lf). Theénterorediate MP

65%0%&%%%@(%&& pel\t/gl){set %%6’1:0%8@ 3% intermediate MP 606 (step 612),
which in turn forwards the data packet 300 to the destination MP 608 (step 614).

[0040] When the intermediate MP 604 receives the data packet 300, the
MP 604 reads a value in the available data rate field 315 of the data packet 300,
(which is originally set to a value for the requested data rate by the source MP
602), and checks if the data rate in the available data rate field 315 can be
supported by MP 604. If the data rate can be supported, the intermediate MP
604 forwards the data packet 300 to the next intermediate MP 606 without
changing the available data rate field 315. If the intermediate MP 604 cannot
support the data rate in the available data rate field 315, the intermediate MP
604 updates the available data rate field 315 with an available data rate at the
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depicted in Figure 6 as an exanple, but there may be
nore or less than two internediate MPs in the path

wao oioedest i nati on MP 608. AsourceMP 602 sendsP@EI/tisi0a6/004400
packet 300 to the internediate MP 604 (step 610). The
interrredi ate MP 604 forwards the data packet 300 to
I#giemg ghyredi ate MP 606 (step 612), which in turn
or vvar °the dat a packet 300 tothe destination MP_ 608
qozrlﬂep 6141,?he $a@@api‘ocv%m is nepcatedeateashdnteryrdige MP 604, 606

R S T T

fieRCleat 3@h apMaisiable @atagiratel thatseact MB vad umpbort. The
t he requested data rate_by

infreerdiate MPre 6ttt 606G deads ﬂn:tﬂg égﬁéﬁgﬁp a 6&%%*’?%?5@“ either
cflélfﬂt% &%)a‘h%f rﬁ%eﬁﬁaﬂ&{& o8 bareMse®Bdncy ﬁlebg\?regi‘btr@s rate

can pport the Internmedi ate" MP 604 forwards the
(mam pac I{Ene 6m1na1510tnhMPrﬁﬁ8t reafs theraviilahde Nptasrge parameter,

4SS P SR ey o

biy Ll ijeth@\iﬁtdrﬁkbldﬁatd MPs 664 e60f6 @l the3pdth),t el seridasrameeidateeend

VP 604 updatesthea ilahle data rate field 315
AGK Roshat DoV W the ped 3@%?%%#%@@59@ fhhg gradlebic data
rhQ0hh 5 EB%O %ﬁggoﬂcgw Bf)? (été%)é 618, 5@1@‘j 620). BANACK packet 500
i'nternediate M 6 4, 606 on h"t ot he destination

cmbe eBunsEtthd mouughahe samh eaﬁvlaa b the soaree MEG92fs ghepn in

F3Giis0 o1 iR ket R orohe YRad Ble ARG MP 63 receives the
mlﬂa@l@ﬁﬁ{ﬂﬁﬂ:ﬁe B@gilfe? MB 602 oeads theamluhantial avedlabpadaty rate
neasur enents _or urter occupanc t 042
SRRS o A G PAMebOR) AR B0 HLIA AR P SoURT e R o
B et er Opﬁ n&lly, ﬁ'ﬁg %F%e BT AN Y szxlgétffedxdgbg ré@ﬁu@emenffs for

vvrlttenlnt e aval data rate
ebtie sicodserdiesh bt delvPmiBiDg, ar6@8aibable intpaaky foxaﬂue trafdes flow.

B R
rhfe-bARdSReW centDl 603cdirifne With, thelfes@tO)nvedition. The MAC

ACKpacket 500 can betransmttedt rough . the s th
h@aékr 1R mchadnsra 8w IEhoelds 10 apive a’iﬂueggﬁe rgt %ﬁl&ﬁt da

C%(ﬁgﬁeﬂ B, LS BosRRA 720N Eh iR the WS s Va8 OF theafiaiéw or

other QoS parameters. QoS parameters may include delay requirements,
bandwidth requirements, or the like. Typically, these parameters will not change
except in some cases such as remaining life time of the packets in order to
determine how much delay the packet can tolerate before it reaches the
destination. The MPs may reduce the data rate for data flows with a lower
priority access class to accommodate higher access class flows. A data flow with
a specific priority access may identify a range of data rates that it requires. The
MP may attempt to accommodate each data flow within this range. If it has
more resources, the MP may provide more bandwidth for the data flows.

[0044] In accordance with another embodiment, the available data rate is
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ACK packet 500, the source MP 602 reads the value in

the available data rate field 515 in the ACKpacket 500
wa@paeamh3usts its data rate accordingly. [0043]PCT/US2006/004400

Optionally, the MPs 602-608 may consi der QoS

requi renents for each access class in determ ning an

@%@iﬂhﬁé& gl QQJIPMPaElﬁd ftHfs &hﬁ—d&ﬂﬁf isGsigh N84 thitas rs,em?ce MP by
ows a data packet w th a MACheader 705 whi

usimgpo hep-bylopt |ACKanech@amaﬂd tFigwre Snisran eixﬁmplary Slgnalmg

accord ce with rese

oGEp il hO PR FRing D15 B0y TG, MR8 o

“Bi By- hb | ACKIheétitthiem QISrd meéxﬁhe‘ﬂzﬂ:e Mﬁs 8(@4),5866 mledlepited in
entlfles t he access cl ass t he dat | ow or. qt her

@ge satafB espmplobyt fheremey § THAP 9T, 4y jptermediate
sng eéfﬁmfnh heDHW 4hh deSGuHtGIRIT 808 antala&)rliaﬁ@e with this

p| cal ese paranmeters wll not change except in
emhwdlmasteevgu timesn Mizdcaiveg a datapadkebonin ARK prekebithe MP

upgpge]s&? %’#%Sé %{lﬁl Fﬁ%gﬁ%\é’vs n‘\%ﬁpabg‘g | na%% ﬁ‘geheivp ith this

u@iﬁﬁte’d@?ﬁﬂ@blehﬁtﬁ aiit@ ih ghendsroahad. ngfth@bstt]mbdfk & N MRsifurther
priori access class to t

obiekomBadouRs AR Tl Aken tae spee MR HP N Apigitvip delays
uditi §ke smx%w ?/QQ ﬁﬁlﬁdé‘ters HEF V\ﬂf;h ‘E’l‘i’é fork&t &% allhBle dakta rate.

requires npt to acconmodat e each data
[0045) wi t HRefetting to Elgglee 8] ﬂlelwumd\’mt&o@ seadoa lataspackgkto an

R 86 DR M BB Bieb Gus o o e

ta\ak|ate VE 802akep SUB ]ﬁfmenﬁﬁ}wafdmgctmel\d%ttanphcﬂsbt $0 next

intpspeByh QU SRENSTRPCHLA Uihonmog teraeckate MBI fesryes the
(% g@éke@gt}g' ?]gé&'i@(ﬁéteal\dpr&ﬁ%%d§ QQfafl@é 1r§tma0&sreiﬂa!b% data rate

packet flow control by using a " ﬁ)
fm@(n’éﬂteaiatamacke‘b (whichriserigitadlynes tgeaa %é)rgy requested data

T T
ctﬁiﬁltlié il%oﬂgglfégedgf iﬂtg%ielfm’tcd\/lvﬂs 864. Ngﬁ tlae eavedamcoe wipported, the
IR T T N WY S
S, 851 ALk odte sy i e
ihtertdedirde MP S vRsndtsuppert the requested data rate, intermediate MP
804 sends the ACK packet to MP 802, and also forwards the data packet to the
MP 806, with an updated value in the available data rate field with an available
data rate at the intermediate MP 804.
[0046] The same procedure is repeated at the next intermediate MP 806 on
the path to the destination MP 808. The intermediate MP 806 receives the data
packet and sends an ACK packet to MP 804 (step 816) and forwards the data
packet to a destination MP 808 (step 818). Each MP updates the available data
rate field with an available data rate that each MP can support.

[0047] The destination MP 808 reads the available data rate parameter,
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away fromthe source MP 802, it takes the source MP

802 N roundtrip delays until the source MP 802 updates
w0 e®el9130i th the correct avail able data rate. PODUS3006/004400

Referring to Figure 8, the sourceMP 802 sends a data

packet to an internediate MP 804 (step 810). The

(i &t shRAiabR hALERALS didten By ARKRAtd ledidte NP 808)f &8d then
MP 802 (step 812) before forvvardé&ég the d ta packet_to

serede an AU prskpbiodbpmipogediote MR ).+ Ween each MP 802,

t v oRa
LRSI 95 A0 A6 A oL St e
rdtdsdbased enfthevaluef it bise avdibabbaditet raté fikldodf the ACK packet.
i nal | set avI e f reguest dat te b
6¢1‘J(égqsour c ﬁ’ot%%eéﬁo&qga gﬁéle g‘t%g ?\(Jf:@messa}/ge 1s
Y ebaRb ey aﬁa ammhal thaldds Gab reguizbd@ R the dulent IEEE 802.11
internediate MP 804. If the rate can be supported, the

si:fm@rd@d This embognaenteproxides anglrpat Rdapiabiosoter hanges in the
n%@% d%mh%%gﬁ% oﬁﬁh "i‘ecﬁgf&féon'ﬁgr n@@fl e. ’II"]he convergence

&riedi at e sane v
timé depadisatnchdvP{80hedabiiateck B as fronh‘eher swquu%Mé’d dat a

, 1 ntarnmedi 804 s nds t he acket
BEAST ana Bieies Fhd b cirutias aRlaE SRRTERS o6 apeby-hop
ACK in &dha MG iwvdsch iciRles A flaealtyaif Mikd @0Z)@0a, 966,908] 91@land
with an available data rate at the internedi ate M

%9@4n qeoougnea maths theepyseenicyprtion. [ b esamples the ieayested
%?5% MEMrcSRfp g@%ﬂt}g’% 3@@[%41 b nbl! gll%@%%é Rabd g@ttb/fz can

nt er nedi at écel ves t he data
sapgortaehdseqpresiddiiapackiet The bpttiareck st Hps Bﬂﬁ')lp]ansjthe fourth MP

faorwards the data t tp a destipati VR, t ep.
sy el oy d b A Doe Bt g i (PP OgiridoERives
the i afiblR\RILd Atk Foltplid floatFrdriBlecindMipgan support.
%0047] The destination MP 808 reads the avail abl e data

[P08® par alrethefirst reund, srhiely i shapineindtiguve Y Hthgrspprcefhe MP

8 RATRERA 613, Bk s ISR SEDSAN Ko e
e@ath% Bodwidtat ﬂﬁﬁ\&Peﬁﬂdl ivenlyt Wbp@@bmlﬁm‘esthetﬂm M:E 904
4 set datg rate ed o

Paisback fn Ak 2okt ants Sbar P e oSitSasiangte fhe source
Mﬁ@@@qipahtes[tﬂg 48dildBle aaEOralans ehid fidly t0BMbEIRIREH 1¥Bsiting the
an end-to-endACKnessage_ i s
ACK packet. Simultaneously, the MP 904 forwards the data packet with an
updated available data rate field of 3Mbps to the MP 906.
[0051] The available data rate at MP 906 is currently 2Mbps. Therefore,
the MP 906 sends an ACK packet to the MP 904 with an available data rate
2Mbps. MP 904 updates the available data rate for this flow with 2Mbps. The
MP 906 sends the data packet to the MP 908 after updating the available data
rate field with 2Mbps.
[0052] The available data rate at the MP 908 is currently 1Mbps.
Therefore, the MP 908 sends an ACK packet to the MP 906 with an available

data rate 1Mbps. The MP 906 updates the available data rate for this flow with
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not necessary and m nimal changes are required to the

current | EEE 802.11 standards. This enbodi nent
wEe@eoss7 a sl ower adaptation to changes in thECHES2006/604400

condi ti ons because of the required convergence tine.

The convergence tinme depends on how far the bottl eneck

1MBEE S i OfRP 68 Féﬂt'fsocﬁe Mata [pgglfe%] tofthe M PD 19410 Cﬁic&tmg the
nplary signaling diagraims of a hop-by-hop A
avaittbde dsta wdte dleld wohulddeps plurality of MPs 902, 904,

908,..910 and, .91
(0088 e 1 orThe Avafiid ofatal r2 R SRBCHB D Ief GullehBFT S
ng%f%‘légthbem ﬂﬁgeﬂtds afh A@KSpacheu torthie MP1908fwith ¢hé/Fsme rate
- can Ssu or r t .
1Nbpe Mocendate o esaVéaéaﬁJﬁl dalp gasl‘iﬁﬁg %@a}tﬁ ?]p;yac%\gguggfg%%ﬁ M 908.
ngg\/lﬁ%)ﬂpéén&%nﬂh)é ddRRRckéStd hldestinatied Mp rgizsﬁithgwmusly

recogni zes the available date rate for thi
upfated avhaileblerdatadatd PYbp§ 006 apdatestitreavailable dafigrigte for this

whi c shown in Figure 9A, the source the MP 902
ﬂg‘é{&&?‘“@ Rfat a packet with a requested data rate of 4

m\ﬂﬁy@ravailﬁﬁleaﬂﬂid ablee abaihdwiviit 912t i h&rﬂ’éﬁtl&OQMbps

: Ther ef h
Tharoloicy 4k QB ,§ Ehsendhnse AGK magiel ta MR SIDGvithape same
a;[%ﬁalﬁg WLELrdE %% 8! Ffi‘firf'% &itihBGoA WP badhpddakans ﬁifﬁla{lﬂé data
this flowto 3 }sJ recei ving the ACK packet
{6 e flaweioUMyps. et hkirgDoutsh ihe HEP3 908, AREOWA ERBrand 912

with an at ed t o]
hike, bpiRsa e tSafliBledhta Safd R B gl Wikt Rbrenl Rk
[0GB55Ur T entd Yhe No@ynd ddievdefvatiieh ik hshoW 90 GFigard 9BarthdGime

acket to the MP_904 with_an ata,rat.e
ppogsggre oprepeatedy §athe sqopad F0aRd. zﬂaﬁ 3/?15 §Pg spafsa flgfa pyfket to
the B AL AL R Srailiife Mt bt SRICEE SMBpS M IBR A0 EFGathl in the
firsteround.t HTRMysilapleodatia Tate alvdhe dPe99hiia M’:@tb’c 2Mbps.

T hF, R0 A b AR S oo B
ddéd fate @bV MPD92MPdA0s tlhpd&hﬂsbltahﬂ(atavajelfakﬂ}ﬂs flaw avith
rate for this flow w_thl Mps. e 8

ae. e AP B4 sRBINE O anpATEt iy MB006 B ubdating the
available data rate field with 2Mbps.

[0056] The available data rate at the MP 906 is currently 1Mbps.
Therefore, the MP 906 sends an ACK packet to the MP 904 with an available
data rate of 1Mbps. The MP 904 updates the available data rate for this flow
with 1Mbps. The MP 906 sends the data packet to the MP 908 after updating the
available data rate field with 1Mbps. The data packet is then forwarded to the
destination MP 912 via the MPs 908, 910 while the available data rate field is
not updated.

[0057] In the third round, which is shown in Figure 9C, the MP 902 sends a
data packet to the MP 904 with an available data rate field of 2Mbps, which is
updated in the second round. The available data rate at the MP 904 is currently
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avai l abl e data rate field wth I Mps. [0053] The

avai |l abl e data rate at the MP 910 is currently 3Mps.
wab@sedsre, the MP 910 sends an ACKpacket to tPET/NR2096@4400

with the sane rate | Mops. No update of the avail abl e

data rate for this flow occurs at the MP 908. The M

118130 s S S efohE Jﬂ@tl\SPp.ﬁﬁ, hhdb Qn2AORShhdkat it BhA/RID 3@2 Whith an

ViousTy updated available data rate | Mops an
avgiltdfledata mtawéil Mipse ThetMPr¥2cupdates thesatdilahle data rate for

R 19 Bl SR O Al I e
S 1 0 et
favariesbiodha desmaion MPO e e MERHRE: 5, STt ot ppdating
MGl D@t YRS teH04a. R84r 1R0BirObBna e 2Ai1ABN IR L Bfthe
te e his h

el r aval atarate_for this ow with different
MRDoR & upd0sbio 1Mbphevkick dhal comeeicavailablerldgte ratemmthierpath.

igure 9B, th d i S . .
L R R T S R
a_QQAaMfg %tanSchﬁh?%IeaEL MI?ﬂi@pda’té@?jr ueirgy eﬁlf REBhpEsketdmdca CTS
is updated in e first r . ' I
pa@kqtﬁlcp s gplpodignenty 2 é?ﬁllcg K’E’%@%’&%ﬁé’fé ﬁ’gF eet 8"% té‘%n#ﬁ Flow
i .
re 5050, S 4RBeK B 8e i V083D M Drereddna et

'athRmsmaekeuamay ratienally have 8 QaSofieldito indixatssthe Trguingd QoS.
4 sengds,.the d acket, t VP t '
Wi i tibraon S REREE IR Br A AR B Filpub iR the
d;?;%t@hét?&ﬂ Mfd@ie@t 5 kfvp ﬂiefag 5“25‘ rétﬁ?vhﬂa@l@g)zi thicflew and lifthk Megtsnation
erefore, the N sends an A acket to t
M gempatist s AyaImAE) QoS B FoRE ALY %‘ﬂffs bagka CR& g@&“ Add
' this flow wth
TR St 4Bl o En AP TBIB R Blel T °, (1 b P 908
[@05%r updihe RIS pecketanhplecsaidtevernitimg jaehew\flaw of data is

05 T 5 AR bt e LIRS
sBRie VD kvt e viadlb Bl Ha@ldéidih; or when the source MP wants to change
the required data rate.

[0060] Figure 10 shows a prior art RTS packet 1000 with a MAC header
1005 that does not support flow control.

[0061] Figure 11 shows a prior art mesh RTS packet 1100 with a MAC
header 1105 that does not support flow control.

[0062] Figure 12 shows an RTS packet 1200 with a MAC header 1205
which supports flow control in accordance with the present invention. The RTS
packet 1205 includes a flow ID field 1210, an available data rate field 1215 anda
QoS field 1220 (optional) in the MAC header 1205.

[0063] Figures 13 shows a prior art CTS packet 1300 with a MAC header
1305 that does not support flow control.
[0064] Figure 14 shows a prior art mesh CTS packet 1400 with a MAC
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not updated. [0057] In the third round, which is
showni n Figure 9C, the MP 902 sends a data packet to
Wao b@6h#13904 with an available data rate field RPET/RMIPSO04400
which is updated in the second round. The avail abl e
data rate at the MP 904 is currentIyINbps Ther ef or e,

t he 4 sends an the MP 902 with an
h%%ﬁ? I[}/Pﬁgw&éﬁ) S Pg Sup&%% ﬁﬁ‘g?g‘t‘?hg MP 902 updates the
[oessli | abl g d5khbws OJTS prcket 1500 withla adghbQGwhich

| abl gigdat f Muoide

904 sends the_data p t he MP, 906 fte L%,
suppertg Hlai cqBiT8] HERSOTIRRS efvﬂéﬁ e Rressrt ML 1"%'@11‘8131@ e

KeL oty I BRI P51PEELEn bohNEbId @t Radel faNd V1912
mﬁ?ﬁfd %/é OBVO% 908, 910 vvlltlhout updating the avail ab?“ea

[0086k r at Alffereitivelnf aneadd flew rpauest figmeiand ae add forassronse

data rate .a
I R i
haMFCEHeORmES foMrial o rhily hdveah@dtmieﬁﬁldoﬁdtcb‘ang rvdmher the data

i nvention, the available bandwi dth in each MP is
flopgan b algge %‘ing an RTS packet and a CTS packet. In

[OtO%'ﬁ:‘ enb?ﬂéﬂg%&]tof uRingots e8Pt eadsoa28d Rib% pafikdll a c()ﬁgestmn

Add Flow Request ‘nmessage), to a destination MP. wth
nﬁhédtmu thay hemseai ﬁoeﬂqueﬂohnma&ccrrdﬂece THE thqsrwekaventmn

opt i aI I
B AR bRl o b g s v
u@ésa I106 es&?ﬁﬂﬁglctﬁhﬁw tR&mp@Sft ﬂdmmabltroi hé‘MéMtAlG’lhBﬂldﬂT 1605
checks € aata t
irtqlqlgiqggsﬂtpviﬁ aPifiedd Wéaﬁggﬁeg ?é) f %n(fﬁra ﬁ%))ﬂé:ﬁ%]tl% %%le%latlon Eeld
é@(giﬂsi LR a@gﬁaﬁl%r&%a pas iief. G congéstidh ihditatioaield 1620

ponse trane), wth an avail able data rate. [0059
1ﬂa1eatas—a) ﬂmcmcmMP medwmseewwsplqarénamﬁm it$ eiyrent traffic

S te
r%t'ﬁ}a ﬁ‘&g 801'1%'@%1:0% (lﬁl‘g g?fﬁ(\)/ne rt%()el%‘J % ?F] Ao %ﬁgﬁlﬁ:? xﬁ%mﬂt?érnﬂ which
egélgh'ﬂMIa*dteﬁlsb@ﬁHVUh@tdgng@ertmﬂmtdlddtﬁmsnﬂdlﬁbmtv@tasﬂm may be
ange e requlr t
basqst q?rbpheaaqceﬁg?-@aﬁsgc’w@? c%tﬂrggtlap p{.iaoy 66'\)& %gd}%e]? B&\SI A finds
tﬂ%@ltt rHR6Rs QR&e?éQE&rstthgﬁ AWs @Bt @knd,2Q6ATinTh Uy Icded packets

a prior t mesh RTS packet 1100 with a NAC
while the radio conditions are good. The congestion indication field 1620 may be

a one-bit field such that that the congestion indication field is set to "1" whenever
any MP in the path starts to experience congestion. Once the congestion field is
set to "1", no other intermediate node will reset it back to zero.

[0069] Figure 17 shows an ACK packet 1700 with a MAC header 1705
which uses a congestion indication to support flow control. The MAC header
1705 includes a flow ID field 1710 and a congestion indication field 1715.
[0070] Figure 18 is an exemplary block diagram of an MP 102, used in the
mesh network 100 of Figure 1, which supports flow control in accordance with the
present invention. The MP 102 includes a MAC entity 1805, a physical layer
(PHY) entity 1810, a flow controller 1815 and an antenna 1820. The MAC entity
1805 generates data packets and ACK packets. The PHY entity 1810 transmits
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header 1105 that does not support flow control. [0062]
Figure 12 shows an RTS packet 1200 with a MAC header
wAa22eb/onsrch supports flow control in accordancECTS1006/004400
the present invention. The RTS packet 1205 includes a
flow IDfield 1210, an available data rate field 1215
d k]%%é{%ﬁgﬁ g@@cs éﬂa@é%& tHeMh 0enM-1 8628 an antenna

ures shows "a ﬁrlor art  CTS packet

mz«»@nd\@rdcessem@tam&ets agSCKinscketsarsceivad Way Ppoantennayhp20

N R ey Yoy N

dattp E@{et {;.glggwf ﬂﬁw&ﬁ@gﬁ the glsrtsh il ACKVpaakEEsDased on
pac W a ader ts fl

ot hie alrate abHemMLLARg, toﬁtlf’ﬂ‘éﬁ%r wEDRE E?%Sf\%‘gﬁ’? Qo3 parppaeters

fme@%ﬁfﬂ% chpgesvep ibovs hRolk&l MEL 3l Qedtda AAta packet to a

aval | ta rate field 1515 {10 066] Al ternatively,
dastnammorf MERerrdeayljests the data m@lfoart ad@lrrﬁnbdataébwnwcordance

efined, for the The add
g AT gt Fonh OBt Ee B PRt 0, My
d)waqban eAIth@J%h aieifeaa@hele atnmgm?tmﬂtuemedamnﬁzbmn are
can_be accepte nstea 0 an explicit
deggribed4n dhe Pxeé%re%ﬁ@geﬂlhm%l t3 Phgad ﬁ)&%ﬂ&%&? %l'ﬁ-feat“re
P RIHRER & bd Lo Q.RJEHteerit bk ﬁﬁe‘:@h@?@&&uﬂst Qnd @Rements of the
present 1 nvention F Figure 16 shows a data
prefeket ebf@diments oa in/mwoHeesombisaigonstwish oxiwihout other features
estion ndicatipn to.support flow control. The MAC
and e &@d%ﬁ%ﬂ“{?&%@“’é’eﬁ% IDfield 1610, a QoS field
1615 and a congesti on | RMB@DIMENT®! d 1620 i nstead of
an available data rate field. Th ongest i
i ndi dat i o #ivarelesssmesh ﬁ’&ltwalfkegmﬁéfﬁflﬁé‘ '?‘]g@ {fpoeeh points
i
B, PRI LETREURE AR NP Db R ERER nbfthe mpthod
comp@eig: The manner in which each I\/P deals with the
congestion i ndi of dlffere f
basegas)oﬁ FOHECe: é@? Ssgng} N8 LV fe p8orfges a%ani) &%t mmggd to a

destinaties MP\ehe Hhe pRKkbt m&mdlhgh flokw ideﬁﬁﬁvﬁsomﬁm field and an

ackets than it is able to or cot I
eg'gblﬁh]tesdata rate field, the avalla%f data rate ua tlhy éaﬁsaegacket

indicating a data rate requested by the source MP for a data flow identified by
the flow ID field; and

(b) sending an acknowledgement (ACK) packet to the source MP in
response to the data packet, the ACK packet including a flow ID field and an
available data rate field, whereby the source MP adjusts a data rate in
accordance with the available data rate field in the ACK packet.

2. The method of embodiment 1 wherein the path includes at least one
intermediate MP between the source MP and the destination MP.
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while the radio conditions are good. The congestion
indication field 1620 may be a one-bit field such that

W@ b@b/091327 congestion indication field is set tRCT/152006/004400
whenever any MP in the path starts to experience
congestion. Once the congestion field is set to "1",

no ogher TR SRl AEALIGARNID M hdrESthe iﬂteﬂﬁ%aﬁél\’[?%ﬁvards
[0069] Figure 17 shows an ACK packet 1700 w th MAC

the dali@rpatkeGtowmotirenistezrmediade et tha deﬁmad;mn MR af‘@r updating

fl | e The VA 17
R R S e A RRRIE AR S et
tAd Hfterh0i40d M thutdordiarided ane daﬁWokre’y. bl ock di agram

of an MP 102, used in the nmesh network 100 of Figure
1, which supports flow control in accordance with the

pres gnt 'EH@fHe of-gﬁﬂ)oNFméIQtZS {wRetdif €Be ACM%CEEE ista¥h end-to-
1805, a physica ayer entity 1810, a fl

endr;tanbdaﬂ sent 1218)115 tlam@lesamaalnné\iﬁ do 1B eourte Mﬁmdéhpldleytmatwn

RTG53 R 0 Bt ot

ragnesldttdt yupdigedBicanibidrined&id MP én 8lhe pathenna 1820
and processes data packets and ACKpackets receivedvia
the antenna 1820 from other MPs. The flow controller

1815¢i's C@ﬁé bfbyh egnm%i%ﬁ a%em%a@@ gadidt it back
field of the MAC er of t e data and ACK packets

th é#sesowne MRiviagdbe @anb&tmth sheough which Kie dat@ packet is forwarded
optiqnall f her based on QoS paraneters for the
ta%%a?%b‘%@‘”i%me MP 102 is a source MP, it sends a
data packet to a destination MP and adjusts the data
rate for the current data flow in acc e wth an
Ckp ek et The et buhol e b g ST oAb AL BATARUES Sent badk
th AR& Houfle! NAVOM b NRth CRELICRE tRAH tﬁ‘a%ﬂttﬁapfthé BSta packet is

present 1 nvention are described in the preferred
fervbodieddo tlse destpmtioncdMPar conbi nati ons, each feature
or el ement can be used al one without the other
features and el enments of the preferred enbodi nents or

i N vgri oushe qaabihadt df%ﬁbmlhfema r3 wilicheint tlat Hsta Hadietirfasther
and el enents of the ZQQ@GM ent. i o&g EVBODI I\/EN¥S Jh
ipplugesa aapliks ohrerwicn Ko kel Ardigating QS agpmetqry ey the data

ﬂB‘%?;%}P&JeH} gach MP on the path determines available data rate for the data
flow by further considering the QoS parameters.

8. The method of embodiment 3 wherein each MP in the path sends
the ACK packet to a preceding MP, whereby each MP updates an available data
rate for the data flow based on the received data packet from the preceding MP
and the ACK packet received from the next MP.

9. The method of embodiment 8 wherein the data packet further

includes a quality of service (QoS) field indicating QoS parameters for the data
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(MPs), a nethod of supporting data flow control in the
mesh network, the nethod conprising: (a) a source M
wa@enwdioyig77 over a path, a data packet destined POI/ES2006/004400
destination MP, the data packet including a flow
identification (ID) field and an avail able data rate
field, the ' i '
1g5soed ptin iR (BE bRUER BRI < Brélidtlo Ll fRb30r the data
16 by Farthed atrmsiddrong tlikeQdS pastnebers.he fl ow I D fi el d;
and (b) sending an acknow edgenent (ACK) packet to the
source MP in response to the data packet, the ACK

packfi, | NleUefo® of legiWoliinéite B dvBodimtha VP! @dteamiirisathe
rate field, whereby the source VP adjusts a data rate

ayailable detranate o the M based prgt dearitaper of @ chpppel qogupancy
n}tetﬁ].gul‘%%%ﬁﬁ% ta b@ffeth{b%}lgg{sc? qgeé%fur@ﬂgﬂfjl ment Iwherein

e pa includes a one i nternedi ate MP bet ween
the source MP and the destination MP.3. The nethod of

it o e e R BT s e B 0 ot
tflSsHd @Atd) PachE Ald Ble AORAIaCREL i Hecleario RPALCTR) patlatte

field of the data packet based on an avail abl e data
rate at the internediate MP that forwarded the data

packef . 4py t ' i indh | k418 sent wh
ACKpgic'kefT }feslﬂg%ﬂsgr?z-gﬁlggélg? %gggggﬁés}élﬁlt r orﬁ he sentwhen
adrst datatflonishRitiatetine source MP, and the destination

MP generates the ACKpacket based on the data packet
wWith an avail able data rate field that is updated by

an i n3 er negll }bh MR eMbbARnAALIN wikereib B e RASHEkeH is sent when
enbodi ment 4 wherein the ACKpacket is sent back to the

thodatacdlovwpis¢hanged. same path through which the data
packet is forwarded to the destination MP. 6. The

net hod of enbodi nent 4 wherein the ACKpacket is sent
back14.0 tTise smsthed oFfemkiodimemial h vahdrbiy et Rilitapackie is sent

pggiggictﬁ ? ﬁ:(bﬁg %%Lg ] grc':clé Fl‘\;IP Iw?citlr]; %e\:l\gx;aqfa%let gattahr%te.

15. The method of embodiment 11 wherein the RTS packet is sent when

the source MP wants to change the data rate.

16.  The method of embodiment 1 wherein the data packet is an add flow
request packet and the ACK packet is an add flow response packet, the add flow
request packet and the add flow response packet being management packets

intended for supporting the flow control.

17. The method of embodiment 1 wherein the wireless mesh network is

a mesh wireless local area network (WLAN).
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7. The nmethod of enbodi nent 3 wherein the data packet
further includes a quality of service (QS) field
w0 pabso237ng QoS paraneters for the data flow, IMEUS96/004400
each MP on the path determ nes avail able data rate for
the data flow by further considering the QS
par apgt ers. . SRR t r &
angt erg, , SirellS d%%%]E %@R%&r RENE A plArARS cﬁ‘xﬁesﬁ/gﬁ&nts

MP in the path sen packet to a precédi ng )
(MiPa), @byethad bf $dppoptag dstaflovavaitrelih theimesh netvork dhe nieghod
data. fl ow based on the received data packet fromthe
CpPREEWeng MP and t he ACKpacket received fromthe next

MP. 8 dheuf®t MR sehdiigheferrenpath, Whelath npdcket datiined to a
packet further includes a quality of seryice ((%SI)
destanatiomMB, 4he dgtaparkes inghadinga HoF deniitleation ) fielfl pnd a
MNP .QR: t i : i : t
oFEELAE 19icaBn BT, O GREeORS, ANIAKR BUPLAAIAR! Facket
ipdicating st cohBestiheexistsvodhefpadimizodi nent 3 wherein the

MP det.er mi.nes the .avai,l abl e da te .at, the MP s
on afb)| sepding, an ﬁ?k%wéﬁ%ﬁ%?nqo@%%gﬁgﬁk%é)s glrlee ﬁ%ﬁ’f&:ﬂ[ m
rBsputit @6 tRE CPRPaYkdTE 5! AORE Pheket linclidtng R tflond IDffield and a
enbodi nent 1wherein the_ data packet .is a rquestto-

congeptioRTelicpeneldawherahy tacsquaeaddt ipgregses o dperppsesdifylata
t%%%%gg E‘Eﬁé&t inqa%corﬁgﬁcﬁitﬁ%ﬂe bn 8 'i?@@étiaﬂ- fivkIehehe ACK

i's sent en a new data flow is
packét. at ed. 13. The nethod of enbodi nent 1lwherein the
RTSpacket is sent when the data flow is changed. 14.

The nmet hod of enbodi nent 11 wherein the RTS packet is

sent 1per i PHé aalthyd bPerpodingert NS wheteetidPpaht inchides at least
avai | abl e data rate. 15. The nethod of enbodj.neqt 11
cwantamediie R pAbKen th soBFe WRema the destinabonMBant s
to change the data rate. 16. The nethod of enbodi nent
Iwherein the data packet is an add fl ow request packet
and e ATKpankidtod ef ambadiméntowdrebpreis cheairitermedipte MP

f%gvgalfdls %l\% data packet to another intermediate MP or the destination MP after
updating the congestion indication field of the data packet based on whether or
not the intermediate MP that forwarded the data packet is experiencing

congestion.

21. The method of embodiment 20 wherein the ACK packet is an end-to-
end packet sent from the destination MP to the source MP, and the destination
MP generates the ACK packet based on the data packet with a congestion
indication field that is updated by an intermediate MP in the path.

29. The method of embodiment 21 wherein the ACK packet is sent back

to the source MP via the same path through which the data packet is forwarded
to the destination MP.
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request packet and the add fl ow response packet being
managenent packets intended for supporting the flow

w@owbool377 17. The nmet hod of enbodi ment 1wher ei PCT/082006/004400
wi rel ess nmesh network is a mesh wireless |ocal area
network (WLAN).18. In a wirel ess nesh network

| ncl yili nari. Ak otag)!f%e%flbgainﬁ@ftlﬁl%é}%ﬁl HNAOK pﬁcﬁ@ﬁggi%gt back

of supporting da ow control 1 n the nesh” network, )
t6 tiee seafeoMPBoviprd patlydiffeayniatizouthepidh thatdihegdateveacket is

ath dat a, packet tined to a destination MP, the
f‘ﬁ“&?ﬁ%ﬁ&@’ﬁ%ﬁ@‘ﬁﬁ% "flow identification (1D) field
and a congestion indication field, the congestion
indication field in the data packet indjcating tha
cong@ét i ohheemeshed g epyhadizaent: 20, Pl@e(ﬁ}l @@néﬁtﬁgP%F%eE further
i i 8Y b&fartiEtekfor the dat,
iAasaa gg?lweem&@%ﬁi 11%dﬁ%a1t§\%<(§ b stelrd'for the data

respons dat a packet, packet including
flawt wdvertlhy Badi dMRod hecpaihedatennines dhe phgestioneindication by

vvheaeﬁﬁ{ il!?ﬁe sgurcel\/Ptincreases or decreases its data
consifering the ROP REEATRICIR ¢ o dance with the congestion

indication field in the ACK packet. 19. The nethod of

enbodi ment 18 wherein _the path incl udﬁ%ﬁ]taﬁltt | egst . one
i nt ePdredi Hrempthodal grhedimentsist v hereppihedgta paeket s a request-

t%ﬁ@ﬁ& (I@i‘ét;)ﬁ!iehcb@t a&@t}aeT}i@Kf%(P&%Q i cRaRediaRNCTS packet.

erern I nt er nedi ate forwards the data packet
to another internmediate MP or the destination MP after

packeb balBerE R ERaPARONGE VRgeh Btlpihfe bt when
it dher Aew dethitibeddat a packet is experiencing

congestion. 21. The nethod of enbodi nent 20 wherein
the ACKpacket is an end-toend packet sent fromthe

dest haat | &Rth (HRRTISsAAR L8Rt wh
\V ggﬁ'era eeéMtgﬁ%&A@%ﬁb%%tgﬁ%%ngg on the da?a pacsket when
the dhtaflewngesdnged. i ndi cation field that is updated by

an internediate MP in the path.

28. The method of embodiment 25 wherein the RTS packet is sent
periodically to update the source MP with the available data rate.

29. The method of embodiment 25 wherein the RTS packet is sent when

the source MP wants to change the data rate.

30. The method of embodiment 18 wherein the wireless mesh network is

a mesh wireless local area network (WLAN).

31. In a wireless mesh network, a plurality of mesh points (MPs)
supporting data flow control in the mesh network, each of the MPs comprising:
(a) an antenna for transmitting data and acknowledgement (ACK) packets;

and
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22. The nethod of enbodi nent 21 wherein the ACKpacket
is sent back to the source MP via the sane path
Wa broelogits7whi ch the data packet is forwarded toPCTES2006/004400
destination MP.23. The nethod of enbodi nent 21lwherein
t he ACKpacket is sent back to the source MP via a path

di ff gfi% c{ Hﬁ{‘fﬁ&@% Rak tmt(l)te'ﬂﬁtﬁ ﬁ)tr%%ﬁéﬁ‘cﬁ{%ﬂgxd% tcl)‘?nsmitted

for estination
detwand MeCK Reketseeath of fthe data apdok@K pagketre indluding o dlow

a5 M e LA B o

fBRE et R 8Faildlte doRORGE fena dath flawiidentifed by the flow ID
consi dering the QoS paraneters. 25. The net hod of

ielbodi ment 18 wherein the data packet is a requestto-
send (RTS) packet and the ACKpacket is a clear-to-send
(CTS) packet. 26. The nethod of enbodi nent 25 wherein

t he $LSp aimk:et;v1rde$aneshvhe1rw<&knewl‘d@dléy fof oveshepoints (MPs) for

tiat 7. Th od of
SRS Do RO B R Bt RANT B GRRAEES talpbilSing

The B hhadt@inaeheehemitting dathaididnbhedgdBiepCK) paakets;
sent periodically to update the source MP with the
aadai | abl e data rate. 29. The nmethod of enbodi ment 25

wher gh 1 &Q@hu%r ShRACKGnetl (FRI) MARY hNRrROMAAE I ¥ABhfted

to c ata rate. iret hod of enbodi nent
dia8a whdrACK pindketd, reaick s the statasndoAKK Qaekqtéshcludmg a flow

iR aPRo i) 65 ardrn  Pobpratitpisipn fgfly e Cbdibetion

1§d&99@61§ 5210 ﬁlﬂi@tﬁl@cz%ﬁ edtigestion BxistieatibeMBet wor k, each
of the MPs conprising: (a) an antenna for transmtting
data and acknow edgenment (ACK) packets; and(b) a

ranSh + ¢ ahedur A0k St ek Ry EREnE (TP for
sAporpagkdtta flovctandralgn 4hé hneah network, each of the MPs comprising:
(a) an antenna for transmitting data and acknowledgement (ACK) packets;
and
(b) a medium access control (MAC) entity for generating the transmitted
data and ACK packets, each of the data and ACK packets including a flow
identification (ID) field and a quality of service (QoS) field, the QoS field

indicating QoS parameters for the data flow.

34. In a wireless mesh network, a plurality of mesh points (MPs)
supporting data flow control in the mesh network, each of the MPs comprising:

(a) an antenna for receiving a data packet including a flow identification
(ID) field and an available data rate field;

(b) a data flow controller for updating the available data rate field based on
an available data rate at the MP, the available data rate field indicating an
available data rate for a data flow identified by the flow ID field; and
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identification (ID) field and an avail able data rate
field, the available data rate field indicating an
w@r@slogtsre data rate for a data flow identifi eBCHYS1006€004400
flowID field. 32. In a wireless nesh network, a
plurality of mesh points (MPs) for supporting data
f1ow.co %erd?lll '%&céﬁeco DRREMRAty BAGRRmithes ¥Rfita gacket
conprising: IFa an antenna for transmtting data an
withkihe wipdd teehavitil MOk tapatk Beld; viatble phyenmanedi um access
control (MAC) entity for generating the transmtted
data and ACK packets, each of the data and ACK packets
i nclgxdi Ngpay fohpMlebs eidshi hétioriona (BlRralityedfinst @woints (MPs)
congestion indication field, the congesti og Lndication
sypperdng data owsgntehin egedh nefyak; of the M \pempgasing:
I'n | AR bl lifidaion
( NP:()E‘W?{I %In@gnsne{%? !?e&?%l\g? gKira]tQ pRbidtahiiudify a ﬂﬁﬁrld&ﬁfh

or supporting ow control in the nmesh

(1Dt feldkand ac homdestihe iBicationpfi¢ldj the congestionaindieaiipn field
for trapsmtting data, and .,a oWl edgenent ( ACK)
Hf:ﬁiéﬁa}?é‘}gs&a?ﬁlin% 103%%?3%1}% gs control (MAC) entity
for @snedahiMey tharéllaBRupistng dha conpsAok indickiddss field to
each of the data and ACK packets including a flow
inddeateithakeansention eyishs alithe B abdual ity of service

(QY, L { A i : d&aSpacket
for eha eiunt (erPippid MACRER) R mATETPARED
withutlsl updated coneektipo indisatidvPEdldstup ploe antegndat a f | ow
control in the mesh network, each of the MPs

conprising: (a) an antenna for receiving a data packet

i ncl ggli ngrraafdawldsdanédt hewidra) a( pRlrafityebfl nessh psints (MPs)
avai l able data rate field;, (b) a data flow cg\gtrol ler, .
shpportingatata glopheonstod in Hhe megh patwonke eaghooldhg MBS CRPHFLE:
aval € ! i , RV Rid ifik&tion
71 ol (P RnAEh i B oAl NG R YRR ARl Rat
(f)feld dedtd dongdstion trvécaftbofieldD fi el d; and(c) a nmedi um

S;gﬁ@fﬁ %o ta%a? | ﬂév's)m gnt%ﬁeirt ¥orf ?rrlcrtegglﬂg m.oxt' tcher}:gefsirgg?t the data

transmission rate of the MP in accordance with the congestion indication field.

37. In a wireless mesh network, a plurality of mesh points (MPs)
supporting data flow control in the mesh network, each of the MPs comprising:

(a) an antenna for receiving a data packet including a flow identification
(ID) field and a quality of service (QoS) field, the QoS field identifying an access
class of the data flow or other QoS parameters; and

(b) a data flow controller for reducing the data rate for data flows with a

lower priority access class to accommodate higher access class flows.

* & sk
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with the updated available data rate field via the

antenna. 35. In a wreless nmesh network, a plurality
w@Roosests7poi nts (MPS) supporting data fl ow cone@DUS1006/004400

the mesh network, each of the MPs conprising: (a) an

antenna for receiving a data packet including a flow

identification (ID) field BMB8ongesti on i ndication

i el.d, ,the.congestion indication field indicating that
V@%ﬁ?‘d&&%l%*ﬁd Sists at the M, (b) a data flow

cont 10l | € 4 erirelpdainieslty nieteorkoimghslinga plodilitytdfonesh points

field to indicate that congestion.exists _.at th :
(MERD G thoR b LRROSGER Sa T FAETq ANESS TBReh P gl o method
c&hgﬁéfﬂgt.“ ng a data packet with the updated congestion

ndication field via the antenna. 36. In a wreless

mesh(aler wonkee MBisending; wver anpath, pbideta paghey destined to a

Su Eti ta flo . ] aa
BRI B 351 ptrumil SO R g £ RAAERABARIDF o BAER an
aSlatlablpaddtat rdtecfield] nhe avidilablel datat irdtecfitldoin (th®)ddtaepatket

and a congestion i ndi caﬁ?or field;

Y

0 4 fl .
iEbie s PORCR gRLe TEGREHG g thr Sauce ARB I G2 FAL fay gentified by

thgﬁg%@lﬁﬁglgnaﬁ@te of the MP in accordance with the
congestion indication field. 37. In a wirel ess nesh

net winksending amahéknovdedgemantp@iGiKs pasred) tos tg sprrcegMP in
data flow cqntrol .i e S . C f

xSt 4 M Ot Bakl A GR o REL BRI ing ACH 0 1) HEGMER an
dvafhbidi agtaa riteoWeld] emhéfebg atticosore®)MPi etiphstna data rate in

gquality of _service (Q0S) fiel th ield
qeeRIfenee WY the Tyatakls dat%g%te&?e‘@ Héab‘%gér PaKer ot her
QS paraneters; and (b) a data flow controller for

reducing the data rate for data flows with a | ower
pri ol ty Ebeasethofl afsclaio dewherainahe paighinclygdescatsleast one

fioara e e R e R T e dstibatibR e,
points (MPs), a nethod of supporting data flow control
't %e mer% e rr]r?e}tlvigci léf clglhnel ZHVE}tlgr%Pn the intermediate MP forwards the
data packet to another intermediate MP or the destination MP after updating the
available data rate field of the data packet based on an available data rate at the

intermediate MP that forwarded the data packet.

4, The method of claim 3 wherein the ACK packet is an end-to-end
packet sent from the destination MP to the source MP, and the destination MP
generates the ACK packet based on the data packet with an available data rate
field that is updated by an intermediate MP in the path.

5. The method of claim 4 wherein the ACK packet is sent back to the
source MP via the same path through which the data packet is forwarded to the
destination MP.
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conprising: (a) a source MP sending, over a path, a

data packet destined to a destination MP, the data
w@awkee13rncl uding a flow identification (I1D) fPer/tiSane004400

an avail able data rate field, the available data rate

field in the data packet indicating a data rate

requested by the source MP for a data flow identified

by thee fl Qiehhithb&lbficladid whireHefitH AOKAPhcket is sent back to the
acknomﬂedgenentdé§§}0 acket to the source MP
en

n
souzeeoMEeria 8 pee réhe pahethatthedatrdacketds famagded to
f1 Q) i d and an available data rate field,
@ﬁé&gg?gﬁ%émggurce MP adjusts a data rate in
accordance with the available data rate field in the

ACKpacket 2. The.nethod of .claim1 erein th at

el dhoe. Thsimetod 3F anh Dwhéretn the i packlt fufhffhdtudes o
Serlit§eofMRraid (QoS) AR iindichfifig oS Ng)aréﬁhetdmtfbp 4hofdata flow,
claim 2 wherein the internediate forwards the data

Vhaeteby epeh B nath detrsmiaesavailable data rateder therdagmilow by
1&&%8£ﬁﬂ@ﬁ@%ﬂﬁgQgg%a@%gbhgple data rate field of the

ata packet sed on"an avallable data rate at the
internedi ate MP that forwarded the data packet. 4. The

met h of .claim3 reing the ACK et,.is

o 3. ondfistuatha Sk B sini o BB 5 st semds e ACK
SRUEE R ABrecdtthgt P, ddstdbyaddcR MM pdaReral Sfaildbfe data rate for
Cﬁgfcket based on the data packet with an avajl abl e

A .

thatdata flow hased gnithareqeivedsiade dacks) feom ithe presedingtMPymd the

i . f claim4 wherein the

é§§$é§ﬂ£§4$%n§gﬁ%ﬁﬁg@fh@%ﬂ% e source MP via the sane

pat h t hrough which the data packet is forwarded tothe

destipati MP. 6. . T method of c¢laim4 erein the

ACKp it ket The Taetfd BEERTR S VHe Lo (RELNS RACKeh ki lncludes a
d1ft§ 08 Beri QIS EicRBiMiit ity QBS pdedBeftas kot thedata flow, and
orwarded to the destination MP. 7. e met hod of

Th
eachi MP3onkle ppth dptermines pa@vatlablgrdata rape &ridesdaga flow by

further considering the QoS parameters.

10. The method of claim 3 wherein the MP determines the available
data rate at the MP based on at least one of a channel occupancy measurement

and a buffer occupancy measurement.

11. The method of claim 1 wherein the data packet is a request-to-send
(RTS) packet and the ACK packet is a clear-to-send (CTS) packet.

12. Themethod of claim 11 wherein the RTS packet is sent when a new

data flow is initiated.
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quality of service (QS) field indicating QS

paraneters for the data flow, whereby each MP on the
w@aa0h/02lster m nes avail abl e data rate for the dBCEHU$1008004400

by further considering the QoS paraneters. 8. The

met hod of claim 3 wherein each MP in the path sendsl1

t he Wck Fhekmeethod of clyimcblwhgraip thoRdiScpackehissepb when the

ilable data rate for the data fl ow based

d%%qﬁﬁgﬁ%%%%%§§d dat a packet fromthe preceding MP and

t he ACKpacket received fromthe next MP. 9. The net hod

of c]aimgg wherei,n.the t acket t her i nc

qual Lf y gﬁlegg? -og é)f ?lwg;jlilm&]??ﬁrﬁl%ﬁa B&ggaﬁz eﬂg‘ §en’éJ ge%“f’ocfi‘cally
tdPP BB ERE Sodres MP&ithaihe dvadablealtdagatd) MP on the path

determ nes an avail able data rate for the data flow by

further considering the QoS paraneters. 10. The nethod

f . | i ; en the
of ciai mﬂemsg@dmtcgggg@ dalerdifithE RNEaReRid @bltSvhen th

data rate at t on at | east onhe of a channe
sarcel yEhenanhetselramge hhe dalch mteuf f er occupancy

measurenent. 11. The nethod of claimlwherein the data

packet is a request-to-send (RTS) packet and the

ACKpgg: KetTHeS nfpt ROE8f cla@nSEReheréihIhenasisepackh is Haeadd flow
met hod of claim 11l wherein the RTS packet is senL WHS%
reguestparkeh and she ACK paokehised adsl flovs gespopprpadiet.dhgpfif tlow

. . , .
L R R A (G
intand&d for supportingethedtbwceddtyolt o updat e t he source MP

wWth the available data rate. 15. The nethod of claim
11 wherein the RTS packet is sent when the source MP

vant $7.t 0 THERGEhddE c@dha Whéiein {He-witélessaédtntbt@oricisai mesh
1 wherein the data_ packet is an add flow request

wiredesstlocgl @rehpelxerdAWdeAN)-s an add fl ow response
packet, the add fl ow request packet and the add fl ow
response packet bei ng nanagenent packets
18. In a wireless mesh network including a plurality of mesh points

(MPs), a method of supporting data flow control in the mesh network, the method
comprising:

(a) a source MP sending, over a path, a data packet destined to a
destination MP, the data packet including a flow identification (ID) field and a
congestion indication field, the congestion indication field in the data packet
indicating that congestion exists on the path; and

(b) sending an acknowledgement (ACK) packet to the source MP in
response to the data packet, the ACK packet including a flow ID field and a
congestion indication field, whereby the source MP increases or decreases its data
transmission rate in accordance with the congestion indication field in the ACK

packet.
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I ntended for supporting the flow control. 17. The

met hod of claim1 wherein the wreless nmesh network is
w@200em3% r el ess | ocal area network (WLAN). 18PCT/DSH06/004400

wi rel ess nmesh network including a plurality of nmesh

points (MPs), a method of supporting data f|ow control
in tH melie methed kf claim Hewhereindmher patinigcludes af least one

e

aapac I'n I'ng a flow
identification (1D) field and a congestlon i ndi cation

IfolaglkgQ t%con&ﬁgit .ndic tlg{;,fﬂelel}e#d [ 'thﬁ\ﬂg?taaﬁ*dsthe
dandpddrbt &RNHEAG 1?1'9e1§§éﬂi‘é}t‘é‘1\ﬂd SR Hestinéiion Mr dp@ailﬂg the

source MP in response to the data packet, the A
cprgsigtion | indicationgfieldf ofothel dathi m@ehmsed @@n@b@@heérpr not the

di cat
shAEhEReLE Mt el o, LR LB/ Rloh ey S i,
wi th the congestion indication f|eId in the ACK

ket. 19 Th 18.wh
P e Peled G0e P 2B bR Ao D B R B PRL b to-enc

p%@kﬁt“s%nﬁ/ﬁ'oﬁf‘giet detidasibh NP t® thdRdured MP hadrebe ldestigdtion MP
claim19 wherein the internediate MP forwards t he data

genetades theMOK meckethasedenitha datppagietifith asengastion dpdigation
r d [ field of the

R4 Blag R B B, ERERERIL WIS BeER, |1 2 T at e

MP that forwarded the data packet is experiencing

congesti o The th f clai reint

packét is %H’@ﬁ]&o‘{]‘ﬂf ﬁﬂ“ %ﬂ\?ﬁ%’ielgg}ﬂqé%cﬁﬂ gﬁ isRent a6 the

sgﬁ'ﬁ:te'MPtvﬁé)fhé\@nti@ sfrehs hivR.thaddtd Packde s foPabided to the
MP generates the ACKpack based on the data packet

destihataocdHYest i on indication field that is updated by
an internediate MP in the path. 22. The nethod of
cl ai m 21wherei n the ACKpacket is sent back tothe

sour 28. MPThé methed Gf&ﬂﬁnp%ll Whetein tighA GE pdvkehis sdat back to the
packet is for gfe % ﬁl
source MP via a pat 1 erent than the path that the data packet is forwarded to

the destination MP.

24. The method of claim 20 wherein the data packet further includes a
quality of service (QoS) field indicating QoS parameters for the data flow,
whereby each MP on the path determines the congestion indication by

considering the QoS parameters.

25. The method of claim 18 wherein the data packet is a request-to-send
(RTS) packet and the ACK packet is a clear-to-send (CTS) packet.

96. The method of claim 25 wherein the RTS packet is sent when a new

data flow is initiated.
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destination MP. 23. The nmethod of claim2lwherein the

ACKpacket is sent back tothe sourceMP via a path
waledobessmt than the path that the data packet PGI/US2006/004400

forwarded to the destination MP. 24. The nethod of

claim 20 wherein the data packet further includes a

gquality of service (QS) field indicating QS

ar te for.the t
O S P i RS 48 e i
dRaTRwRIdhaggédie QS parameters. 25. The nethod of

claim 18 wherein the data packet is a request-to-send
(RTS) packet and the ACKpacket is a clear-to-send

(CTS)g PagiginetRBd of 18in85 RAdrah thé AT phiekytie sehipdrivdically
RTSpacket 1's sent when a new data flow is

toi updaite tieds@itce ViR witdt thediveilablegdatn 28tepher ei n t he RTS
packet is sent when the data flow is changed. 28. The
met hod of claim25 wherein the RTS packet is sent
perigudi caiheymbthodpdalabint Pewhersin ¢hd/RTH packehes sent when the
avai | abl e data _rate. 23. The nmet hod of claim25
sappres MIhwents teebagge ke dpta xa8¢it when the source MP
wants to change the data rate. 30. The nethod of claim

18 wherein the wirel ess nesh network is_a nmesh ,
Wi r e3kss Thecakthodeef deimndBkwitanenihe wirelgss mesh petvek is a

nmesh .networ k.. a plural it sh points (MPs)
m&aﬁa‘m‘ﬁ?ﬁ% o‘é%taﬁegp8 Nk g‘n%]%lgN?ﬁ the mesh network, each
of the MPs conprising: (a) an antenna for transmtting
data and acknow edgenent (Al

ackets: and a
medi 3 adBed Svizel§ss Fresinpgvozks gt E(’/:luf%lﬂtyg%ﬂg}eggi) Pﬁ}nlfsthps)
0y t TR it odf thB P& @Rsing:
SWQ‘@E&?@?&%@@% tHS PRAKRLGrorR GO th (D e
and @)anwatdnablier ttansmitting datacand acknewledgemant @ (Iknackets;

and' ©

(b) a medium access control (MAC) entity for generating the transmitted
data and ACK packets, each of the data and ACK packets including a flow
identification (ID) field and an available data rate field, the available data rate
field indicating an available data rate for a data flow identified by the flow ID
field.

32. In a wireless mesh network, a plurality of mesh points (MPs) for
supporting data flow control in the mesh network, each of the MPs comprising:

(a) an antenna for transmitting data and acknowledgement (ACK) packets;
and

(b) a medium access control (MAC) entity for generating the transmitted
data and ACK packets, each of the data and ACK packets including a flow
identification (ID) field and a congestion indication field, the congestion

indication field indicating that congestion exists at the MP.
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field indicating an available data rate for a data

flowidentified by the flow ID field. 32. In a
wawnoehess7 nesh network, a plurality of nmesh poPCit/BS2006/004400

(MPs) for supporting data flow control in the nesh

networ k, each of the MPs conprising: (a) an antenna

for transmtting data and acknow edgenent (ACK)

pac and S

R L ey

Lﬁ%@ﬁll@é dmeﬂ@bat:mmddn/tﬁg maschmttwork;cdauu iofi g]neal\/liﬂsommprlsmg
e

ntlflcatlon(ID t on in
{1 olteh o HaoBBn e LTS i St P PP Dot h ol Rt
&Pngestion exists at the MP.33. In a wireless nesh
network, a plurality of nesh points

suppbl 2 ieglivat ascess sanirehtMAC) Pﬂtltmr &e%?raﬁ@g\%bﬁ fransgpitted

f th
o HIE I Ty ) g, AR, SR BRI
idegtifivabiae CERs fielh bndl a (quaGLy ef tset"eylcé ongb ieidit theg QoRefield

transm d dat CK ets, each of the data and
‘éﬁ&a}‘&ﬁe? m%ﬁa figgwﬁ?‘ﬁ-entifi cation (ID) field
and a quallty of service (QoS) field, the QS field

i ndi cating QoS pararretersfor t he dataflow 34, &/I
wi r e¥dess Ines twineessormeshangimiorks ftBlusal ltaegﬁqmﬁghrﬁcgnts Ps)

foHip 4RBEHEN 19 la i flc e GPRLEOL] ShchV (HBMPS comprising:

conpri sing an ant enna
for (apafiantéthafod aécampag laatata lpabkﬁd;llngiudnfg @fow identification
identjfi atlon % fiel d qrjg_an avai | abl e data rate
(D) el ap )ana?“’&’al efdra&@vr% iler for updating the

avai 3R |d§téjﬂ$\fv‘ cbr611dri 18} GpfanRdhe avﬁmmyaaﬂaaateﬁaabased on
rate at the MP, the available data rate fie

ah radnadablm@atanraév at |th9|1\éPdﬂt°aawlaé>l¢ éataar%tﬁtféelfhlawcatmg an

a‘é%‘i%& d@ﬁ%ﬁ%lfor( %oﬂ% ??Jﬂt ransﬁnﬁtl ﬁg‘gl%}ﬁ a

pack@) auwhédiuthsccegdanérbl aMm0)&tmltﬂsy daxt ransmitingel dabai packet
v‘/'tlphethaenlg};?dgted available data rate field via the antenna.

35. In a wireless mesh network, a plurality of mesh points (MPs)
supporting data flow control in the mesh network, each of the MPs comprising:

(a) an antenna for receiving a data packet including a flow identification
(ID) field and a congestion indication field, the congestion indication field
indicating that congestion exists at the MP;

(b) a data flow controller for updating the congestion indication field to
indicate that congestion exists at the MP; and

(c) a medium access control (MAC) entity for transmitting a data packet

with the updated congestion indication field via the antenna.
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35. In a wreless nesh network, a plurality of nesh
points (MPs) supporting data flow control in the nesh
woeaeo91877 each of the MPs conprising: (a) an aPCEOR06/004400
for receiving a data packet including a flow
identification (ID) field and a congestion indicatjo
fiel3 tHe aowigeless smeshnastenorkon plugality; plames iiﬁ’fﬁn‘ishg\’lps)
s@@fmﬁ%'d%@a ?5%%?18@1 id #1 NBsh h8wAkI& AR JFtAYWMPs comprising:
ntro

I'er tor updating the congestion indication | )
fi el @)tn aneimafor reteating antpds packetantlsidinga flowwadamtification

nmedi um access, cagntrkol (MAC) entity for

(ﬁﬁg—}?i‘ﬁaflaiaﬁ@nﬁe 0y %f@f’(ogg??/l\ﬁﬁ’th t he updated congestion

i ndih(rbat hoaa’f(d Cil ?’éoﬁhtfl(ﬂ[l@r afo]?e&maﬁﬁﬁng | 6r ai(eowa)eheésshe data
mesh network, a plurality of nes olnts (MPs) .. .
tragspdssiom gptgaf she MRvncassprdsmee Wlﬂhﬁi%@élﬁeﬁéqmat’é’&cfwld-
of the MPs conprising: (a) an antenna for receiving a
data packet including a flow identification (ID) field
and 37.corigestwialesnonesht netwark) d; pluwylity dfinzeshl peints (MPs)

control l er f.or increasing or, decreasing t e
S PBTLREGtS HoTAoON 5 H T ROGLTHr By P aRef fgprising:
CONYRS ainQhtbReh Eitretdivingel dhtaPackétinaluditigh €os idestification
network, a plurality of nesh points_ (MPs u ?orting

(A Pt acbititapt sarvic (P CPRANE Heldfcr T pecess

i1Si ng. ceiying a data packet
TP D ol oPOBPEBIRR BB 18 8 e
qual (i) dftasmeasrdligo H)r fedebing thielatp Satfeifer data flows with a
i dent i.f%tir#;qq an access cl ass ,of t.hg dat a fllowf% ot her
lope g cepss claggfo agyornmadete HEBET 258 Arrel T or
reducing the data rate for data flows with a | ower

priority access class to accommpdate hi gher access
class fl ows.
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