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i nfrastructure, conpr|3|ng a set of access points

(APs), also referred to as base stations (BS), each
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(RxﬂﬁWQ@Q&mnﬂg APs. This is referred to as a Mesh
architecture. Figure 2 shows a bl ock diagramof a
sinple Mesh architecture conprising a plurality of
[oooesh points (MPs), eachpegieghheng) supporting control,
nmanagenent and operation services for the Mesh. The
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lmkfa epEbheiEtrendba A sandidiesseastpfionsdgi Ase Hoparey eqpnarios, the
costhE&ﬁigchﬂ yl @Qeﬁ gPp(ﬁ ydtﬂﬁtobﬁggbﬁ%gbf\f%g ﬂ?&&an alternatwe

i nt erconn nmodul es *f or
optiempootea attraxgtmeatwblnhl isctmsoneedit then ALS indiaéctlix tp dxher wired

netv%og'gt}%igtg%}' gsrsg%ag?«Q;Ode 1 senélg tilomt eg\ljs rlg iS5 retfgrrgg %(t) as a
Mesh architecture. Figure 2 shows a block diagram of a simple Mesh
architecture comprising a plurality of Mesh points (MPs), each capable of
supporting control, management and operation services for the Mesh. The MPs
may either be a dedicated infrastructure device (e.g., a Mesh AP (MAP)) or a user
device (e.g., a STA) that is able to fully participate in the formation and
operation of the Mesh network. Advantages of using a Mesh infrastructure
include ease-of-use and speed of deployment since a radio network can be
deployed without having to provide backhaul links and interconnection modules
for each AP.

[0006] One very important operational consideration is that Tx power
settings of Mesh nodes are regulated in order to meet regulatory requirements.
Operation of wireless radio communications today is regulated by the FCC (and
their counterparts in other countries). In particular, certain maximum Tx power

settings are mandated in order to minimize interference of un-licensed radio
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[0008] TPC under IEEE 802.11h adds a Power Capability IE to
ASSOCIATION REQUESTS (RE-ASSOCIATION REQUESTS) sent from the
STA to the AP (or STA in IBSS). This Power Capability IE is an indication of the

possible minimum and maximum Tx power settings of the transmitting STA to

the receiving STA.

[0009] Association attempts by STAs are to be refused by the AP or other
STAs in an IBSS if the range indicated in their Power Capability IE does not
allow operation with the current BSS regulatory settings. The AP is the only
authority in the BSS that can change the admissible power setting for the BSS.
In an IBSS, the STA that starts the IBSS is the one that sets admissible power
settings and other STAs that subsequently broadcast the BEACON frame are
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the TPC REPORT action frame is the one used for sending the TPC report. The
link margin reported is the one observed by the receiver when the TPC
REQUEST action frame was received.

[0014] The IEs contained in the TPC REPORT action frame can also be put
into the BEACON and PROBE RESPONSES, originally intended to address
some special problems with IBSS mode. However, the link margin field in this
case is meaningless and simply set to zero. These new 802.11h TPC-relevant IEs
and action frames are found in Class 1 frames (i.e. they can be sent from and
received by non-authenticated and non-associated STAs).

[0015] For completeness, 802.11h TPC functionality for the 5GHz band is
extended “as-is” into 2.4GHz by the 802.11k draft amendment.
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between maximizing individual data rates on particular links (higher data rates

with higher Tx power settings) and maximizing overall Mesh performance
(better performance with less interference and more spatial reuse on the same
channel).

[0019] Rx power level settings, such as clear channel assessment (CCA)
detection thresholds and minimum Rx sensitivity, impact the link budget and, as
such, the SNR observed in the receiver. The Rx power level settings also impact
the likelihood of failed channel access or collisions in carrier sense multiple
access (CSMA)-based schemes such as 802.11 WLANS.

[0020] However, the level of interference perceived by the different nodes
“of a wireless Mesh system can vary widely both geographically and in time. This
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admissible Tx power settings are, so too are the minimum power settings in
order to guarantee establishment of links and to minimize probability of channel
access collisions.

[0024] Variable Tx power settings would improve the radio efficiency of
Mesh networks, but a method for achieving this feature is not provided by
existing technology. Furthermore, a method for Tx power control needs to be
devised to allow Mesh networks to meet certain regulatory requirements in the
sense of 802.11h TPC similar to WLANs today operating in legacy infrastructure

(such as in a BSS case) and AdHoc mode (such as in an IBSS case).
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[0034] Figure 5 shows a signal diagram for transmit power control
according to the present invention.
[0035] Figure 6 shows a signal diagram for adjustment of MP transmit
power settings in response to received allowed power setting information.
[0036] Figure 7 shows a signal diagram of a power master selection
procedure.
[0037] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0038] Although the features and elements of the present invention are

described in the preferred embodiments in particular combinations, each feature
or element can be used alone (without the other features and elements of the

preferred embodiments) or in various combinations with or without other
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infrastructure. [0030] Figures 3A and 3B show
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the relationship between MPs is one of master and slave. In the latter scenario, a
Power Master (PM) is a master MP that is responsible for dictating the power
settings in the Mesh, both the overall regulatory settings and the individual
power settings per Mesh Point and per link.
[0042] The present invention includes methods and apparatus with means
for:
a) Signaling by which MPs exchange power-setting relevant capability
information such as maximum and minimum power settings;
b) Signaling by which MPs learn about allowed power settings in the
Mesh;
¢) An MP reacting to different or conflicting allowed power setting

information messages and configuration parameters;
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[0044] In Figure 3A, an MP 101 reports its power capability information

301 to the PM in an un-solicited manner, such as part of a broadcast/multicast-
type frame for example. In Figure 3B, MP1 reports its power capability
information 303 in a solicited manner as a response-type frame in response to a
power capability request 302 (e.g., the exchanged signals 302, 303 may be in the
form of a directed unicast request/response-type frame exchange between the MP
101 and the PM. Although Figures 3A and 3B show power capability
information signaling between the MP 101 and the PM, such signaling may also
be exchanged between MP 101 and other neighboring MPs. Figures 3C and 3D

show such a distributed scenario of power capability information exchanged



to dynam cally adjust power settings; and e) Electing

a given Mesh node as PM [0043] Figures 3A and 3B show
W@ e@nalismy di agranms of a power capability i nf oPeEUSING/012905

exchange between an MP 101 and a PMin a naster-slave
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Mesh POWER CAPABILITY frame.
[0047] Figures 4A and 4B show a signaling diagram by which an MP
learns of allowed power settings for the Mesh, which is useful for dealing with
the regulatory need for MPs not to exceed certain maximum admissible power
settings during communication. The allowed power setting information
preferably includes (but is not limited to) any of the items as shown in Table 2,

including any combination thereof.

Table 2 — Allowed Power Setting Information

Type Description
PM Info PM address or PM identifier
Mode Regulatory domain within which the Mesh network
currently operates (e.g., 802.11b, g, n, j, etc.)
Freq. Bands frequency bands and sub-bands within which the
Mesh network currently operates




Mesh ASSOCI ATI ON frame or a Mesh AUTHENTI CATI ON frane

(e.g., franme exchanges with other MPs for the purpose
wotobeorm ng part of the Mesh network). Alter neaT/us09¢/012905

the power capability signaling information 301, 303 is
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settings during comuni cation. The all owed power
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101 g@ﬁ%% .?%t 15@ @%5@%@%&4 g«%@atm”gﬁi efrﬁ ‘i%ﬁe%}ﬁ hag un-

sohc?ﬂl\e}lavzﬁaM?erl QLR REYHab of B 'b?oécﬂ:fagf/ﬁﬁﬂh@e[bt-ftfrﬁﬁfﬂa% FRSx@ple.

I n Flgure 4A, MP 101 obtains its allowed power

In Kgurd A, i MPdr ablainm is0allewednnower pitting amfomatinm d0Beim a
n tic
sohcﬁ%ﬁ l%apgé}“ ‘égaé‘%«reg@orn% ‘B{Qea I%éa‘i’e‘z%ﬁ %N&(yﬂ%téa(‘ll % S;S Ix{zésépgapablhty
requabkt 60 (k. @Qﬂ&f e:&hhhgertgs@nﬂe 4081 4@ mé§Del in the Satn of & directed
nner a respons e frane respon
anich g ges P ePEEITPe Sipsid Exianas e s Dob 11 Aaf e by

Alth8gh FiE3rd3BA Badi 4B fsﬁ&w faPlo%el  poaved Je@lﬁﬁ% ané%ﬁﬁ%ﬁ signaling
request/response-type frame exchange between Nan

betwikgn MR01 pad bhe PMtshich gignaiings meay ale &n @Xd&wd\ﬁlmﬂaﬂy ina
d1st1q{)1n‘%ﬁe&eggfq’8 rbe%x%éﬂ 4 i\/ﬁ; ‘ibmtndo&hgf %%?glhbgging MPs. Figures

4C and 4D show such a distributed scenario of power capability information

exchanged between the MP 101 and an MP 102 similar to that shown in Figures
4A and 4B.

[0049] According to the present invention, solicited (request/report-type)
and un-solicited receiving of allowed power setting information 401, 403 can be
sent as a piggy-backed IE on top of a Mesh unicast, multicast or broadcast
management or control frame. Alternatively, the allowed power setting
information 401, 403 can be sent as a separate Mesh unicast, multicast or
broadcast management or control frame.

[0050] As an example of a Mesh management frame embodiment, the

signaling of allowed power setting information 401, 403 in the Mesh may be
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between MPIA and the PM such signaling may al so be
exchanged simlarly in a distributed scenari o between
wo b@eN49D1 and ot her nei ghboring MPs. Fi gur espdrZuszude/012905
4D show such a distributed scenario of power
incldcRaRS pat of Bf MdERL BRACNE 2R98 0P MRER PROBYPREXPONSE
and an "MP 102 simlar to that shown in Figures 4A an
fram$B. (e jg0 613 ling dvamies gnt cexchangescfor the ipwrpere efidiscovering the

solicgit request/report-type) and =solicite
prespRieaiit MpshrSaoTnah SPouphilie et teh Mttt such as
time#GAl€a). Et&@Ativaly, 3heIMB pohae keldbwelB swdrogetiihg dnfdesiation
uni cast, nulticast or broadcast rranaaerrI_tIeg1 contr ol

401,405 vt Msehy WSSPOTATION s ety yRCAGION fames
(e.g. fRARE r@ch%u%e%%ith"’&%e? afpd orSEHY ﬁ'ﬁm@e F %E&Bﬁlg’é’ﬁ%&&f the

uni cast, ticast or broadcast agenent or ¢
Mesh meireork) 0D 8hother atteexating, tho hllawdd phwen netdergeinforinadinm is

enpadi gent ., the.signaling of..al | oned poyer tLi
vt o Rt ity 35 pgrR pd Bl Sy iEHRR b ALowep
POWEBRISETTENWeEsAtmBEACON frane or a Mesh PROBE RESPONSE
frames (e.g.. signaling frames and exchanges for the

[0058Lir pos éMlbpredi RUERTEetHBS inferprder AL, 495 ganvee fignelatbfox any
of thRIfoRYPHIY, Qfthél SRnESR%A %bmgfﬁﬁd*eiomw@m{ém% e 8Svdid R all
I Al I the MP al | d power

val ues).” Al ternatively, power owe
nodeseint thegMeslio anpertionlat (esht igkiar prdtht(eqf vhlidHor a set of Mesh

nodSF R BT Motk HRrebe rand, e Hhr Bl isd ghieni) o
partivaldr ©idid heteMasdhoheMuzhkyode l(B.gasatdlsle pat-tiaknaid pérndigicbor

al l owed power setting information is part of a
of a ifect ed speci al purpose per-link or multi-hop Mesh

10052} L ONER O RMER o6& | NGidd 3Rrma®8r1do L) ll@ﬂ‘ﬁﬂgp?%fsﬁgg}%}ed as

setting I nforimation 401, 403 can be signale
absodxitet veduésIrblaive galedst tedating tneome prevdetemhiined absvlutehanlue,

entire,Mes e..q, vaki .or _all nodes in the. ;a
or a bl féarotabEafte 13 flalsSf xiies (8 Bk dapifsliCt pofer -
regultohy angesjemporady bffe).ar Mesh node (e.g. valid for

all radio channels of a MP); a particular_ radio . .
[0058ht er f deEmtng 40 NEgH hGd e (istibuted: segmagiopisy ppVnfesgpged in
refeR@lkce 161a9MAP" 501, in which there is no PM and it is possible that the MP

501 receives different allowed power setting information from two or more MPs,
shown as an MP 502 and an MP 503. With no PM in the distributed scenario,
the MP 501 needs to determine which allowed power éetting information it will
use when setting its own Tx power settings and when signaling its allowed power
setting information to the other MPs, MP 502 and MP 503. The signaling
procedure shown in Figure 5 resolves a situation in which the MP 501
determines which allowed power setting information to use while resolving a
conflict with mismatched allowed power setting information received from other
MPs.

[0054] The MP 501 configures its own allowed power setting information

APSI_own, while receiving APSI_i which represents the allowed power setting
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of a MP). [0052] All owed power setting information
401, 403 can be signaled as absolute val ues, relative

WO 20060880492] ati ng to sone pre-determ ned absol uPET/VUs100€012905
or a conbination of absolute and relative values (e.g.

. . i.5S1 0 L ermorar .
infofffifi Hgha|cR Bork MPOMGIT QY -3 85 s thd EERAERIown in
Figwe &nThe ARSI_hvalude san bb ddrthar refreserted by @ wartdwPABSI vector,

.hbn_which,there is PM. and i} .i S, possi that the M
whido s J6° GrrdaPEtt G BRSL yaNER Tt pfheives Fom the
othelr MPS. rmti on fromtwo or nmore MPs, shown as an MP 502

and an MP 503.. Wth no PMin the distributed scenari o,
[005bhe VP AgpexareBlesofi 2n alpwediprweriseinginfomation MBrincludes a
Max‘i’ﬁhhi A8l ot3h FPhiveR SEEt\}#e [ AdSR) WigH i&l%tgélﬁ%%g V%)Slpﬁmv\% the

TX power settings an n3|gna||ng|tsa
follogang me@hod]ﬂblsmmtmmmmhldeh enbit ther MWIPS MR %Qmaan sletl\d? inputs

rocedur e, sho,
MATER 508 S MATER St FEnRE A e T poA daeeds to
deteydhiind whlidtOWRAT PO WRill B& ubéd henf otk it o¢vﬁ Tks Powt IsBttings
resol vi nq a confljct with m snmatched al | owed F’ower

and gehen; signalipmrliaebrotacwettiag infpsmationde ofmy MPgoblis can be
achith8 BPimfitnfoBk %&&?&% o fithly Al UGG BOWRS 561 L1 NG

I nfor'mat1 on APS own cel vi ng APS| whi ch
[0056kpr es diurs exiumpld, | eveung oM@t &Mt trecgjves dVIAANSomector which

si.gnal ed from i with | = d f the
comBHERAES weck vtk setfrdd 202 S’ MATPR: Ao gy e 502
and MIATRBI 2 20 1d8e Fae M 583V 20ke bsANT AP 50 Wb&h MATPS

represents the ensenble of the APSI i values MP 501

settingc eisy sonfigyrgd hto obpeMABES_pwostidBm. exahp| dhef pipferred
1mpl%ﬂe91\e§ﬁlo F@ mg&iéd szvﬂll:ﬁe%éxﬁfldﬁ%ﬁ '@]ﬂng&kﬁ‘ gglf‘l'f’% galuekfrom

Maxi mum Al X Powe
all ¥ iwpnd i(ce.t ypin(HB26,d5) mmlﬁgdBM)hanldlﬂHeuMli’ dtQlowill use an

operpfiond AT Vel it petipg it R Pofrl gl will By i aq part

of tiR0dlleelifower setiap Thiematioa thYATRS MP 1501 hteiiseto vhrR MPs,

) se,ttingits own Tx Power _settings . .
including MP1 and MP2. Accordingly, the operational MATPS 507 in terms of

function F can be expressed as follows:

MATPS_operational = F (MATPS_own, MATPS_vector) Equation (1)
= min (MATPS_own, MATPS_vector) .

Similarly, other operational power settings can be selected using a suitable
function F.
[0057] In an alternative embodiment, the MP 501 wuses the value
MATPS_operational determined by Equation(l) while determining its Tx Power,
but MP 501 signals the, MATPS_own value as its allowed power setting
information to the other MPs, MP502 and MP503.
[0058] Figure 6 shows a signaling method for an MP601 entering a Mesh
600 in which the Tx Power is adjusted to meet regulatory requirements. While
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and when signaling all owed power setting information

to other MPs. This can be achieved by inplenenting a
waewss1@m maki ng function F in MP 501. [0056] MOI/US2006/012905

exanpl e, assume MP 501 receives MATPS vector which

e BRGSO MO SO R ke v

Powedt settmgsatdmmstﬁieat phieed@ie spmlies thidaEIcMIRin thgMesh 600. The Tx

o B o DS TEE LSR5 LA B L i

MPaUROMPNNaWARE Sinié kit fheOMPE0L debRs bARY! OnkiorSmore of the MPs
10, 20, 15) = 10 dBM, and the MP 501 will use an

/ ,

MPEGZCMY ars bamFPb dhiuisiohinningdll, agswitch-pe, MERGOL sends its
opert 6 | i ;

v Byt UMb EREMONCS, PO R b

Figurres|34¢i3hy AMplafarethdvitdnedc aoprbfageyt, whjetoopaiditthorbk power

cons S St RS DA T ST o

Re-ASSOISAVEION0 b} ReWBTHENTIOATION NrbMREPELOWR Power Capability

. . MATPS vector) . Similarly, other operational power
inforgpatioth §d1cmay he Berfermped Pesipdigally i inap| ssliciied ordn #n un-

4856k 1 T N B e A B o

receinies lallowed @oween selfings SnfbxmRAbinerg13buhicVEs 56t sdripdidadlyt inethe

vMATPS own val.u s its allowed powe ettin
Mes} %, it P TRl BIEREPT BoID \9pSciLash A, by glissMesh
neighb&ia! BIFS0ShRWEY,ad 8+ athie NGrobBshe dfebvedh PRRding the Mesh
entering a Mesh 600 in which the Tx Power is adjusted
netwiogknphe alleyed apwey setbiggiipfommation inwkehanged pe degenibed above
i 2 il o oy . " O,
for TAEhHDEAED AL el BLORSE 4 DA, W oP a5 SRl o
use MeshaBEAFONNor Nedte FRGBE. RESPONSP ofremes.aAtbdep 614, the

Lmlar control l.ed for a sybhset.of MPs. Th sh. 600,
MPEDY T e ToBeseS RRed PRECE SRR IoPRECRRE0] D0 tiets its
Tx pBWef ¥ettia38. The MPE0Palyte Vs n&ﬁ’&%&@%&wﬂe SoRerMtting

At initial joining 610, at sw tch-on, 601 sends its
adjustment to the other MPs MP602-MPN. '
[0059] The MP601 sends its own allowed power setting information 615 to

MP602—MPN. Likewise, the MP601 receives Tx Power setting changes from

MP602—MPN, triggered by changes in their Tx Power settings. Several optional
and complementary signaling extensions are possible (not shown in Figure 6) to
support adjustment of power settings in the Mesh. For example, the MP601 can
request reporting of measurements from its MP neighbors MP602-MPN
regarding power settings, perceived SNR and link margin values, perceived
interference power and channel busy times.

[0060] According to the present invention, a selection procedure is
performed by the Mesh MPs for negotiating and selecting a Mesh PM. The
preferred PM selection and re-selection procedure includes one or more of tﬁe

following:
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Tx Power capability information 611 to MP602-MP N as
descri bed above for Figures 3A-3D. As aforenentioned,

w@2@oeiEsr ed way to send the Tx power capabi | i PgT/US2006/012905
information is as part of ASSOCI ATI ON or

B AR N CRpety Frae SRR ARy becomes M,

) nfAnrMEt atoswidd-oneletéraipes fiheme df e rmeighlwms liy acPM. The PM

licite ' lLigcit At . st 612,.
2oL bR R SRR, SAFAT
al signeling awesivedtty the MPf as nfirt o6t €He3 sehiup hptosed@dl, (e.g.

eriodically in the Mesh or in an un-solicited manner
or 27 iheatieationMeth REAGLIN ByeephenNeHbidy ABhRages and so on).
HPERE PN andbg iph8sdih @@ ri%?egsg)rq;hedl'iﬁﬁgﬂ@ byt Meh)of Yime-
the Mesh network. The allowed power setting
i nkmited: (ion, afterex cérdnigepreadeteaninedbedoaiiefetimeror tied to the

Fi qur 4A- 4D, As. af or nti qned referred of,
C UBEREEE) 8 ettt SR, HEEERMB Ptk Brodiliee” s re-
REDRNeH) f ranes. At step 614, the MP601 reads the

r setti ngl§ i nformatiqon 613 _an

i ved al | owed d
diafrgre appantagepeslsabion e P ivheinpden witl U Mash Portal

no ' ' ' et he
Pl SR RO AR

ea| ThoW P pwitbrthe enast tigks hé oeighboxsrbesomet cha/PBD2- MPi V.

[ ' the MPGO1 ei.ves Tx. Power setting,changes
tF SRR Rl eP I P e S A R S 7 P v
geThé MBs dSeymiivd tlapPMoaah fanetiso 6PLRBRndeY oShepfrofOthe

e sions _are possible (not_shown in Figure 6) to
sﬁ&@gli‘ Oé@jlﬁg(fli?éh? coftajnogmeedypeR MR- in the Mesh. For

XAAP LEmbiNRiMRF e GBSV €quest reporting of
Hr?egislgrenent slfrom(iats MP nei ghbors MP602- MPJV

regardi ng power settings, perceived SNR and |ink

rgin pal ues, jpercei ved,interference.power. an
[OOE’{:lﬁannelIy1 u}s‘,ley%tsi es. 4 f%g@i@g}?&?ﬁér l“gelf%nﬁr ggeeMGSh PM
accoirdivigtioi thie, prafestddetietladils plecibet! 8bdve. REPMVDRBGEeIntfdithation
g.and selecting a Mesh PM_ The

Elergsglgtp %ﬁ%ﬁﬂu@g%%l aRtpadsastapaliGasHupicaslctignaling frame
in sighall WAaSsGRtetRbugPtRe Med'By MP 701 indicating to neighbor MPs
MP702-MPN that a PM selection is required. This IE contains the address of the
originating MP and other parameters, such as time-out values, selection criteria,
default identifier for the proposed PM, reply-to address, and so on. A PM
Response IE part of a broadcast/multicast/unicast signaling frame in signals 712
is sent through the Mesh containing the selection criteria response from the
neighbor MPs MP702-MPN. A comparison procedure 713 is initiated in the
MP701 where the selection criteria responses 7121...712y from the different
neighbor MPs are evaluated. The PM selection decision is made based on which
MP meets the requirements in terms of the chosen selection criteria, (e.g.,
highest random number draw or similar). The MP 701 broadcasts its final
selection for PM to the Mesh in signal 713.
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following:a) The first MP to belong in the Mesh
automatically beconmes PM b) An MP at swi tch-on

waledwenni4snes i f one of its neighbors is a PM TPeT/BP8200&012905
be identified by means of L2 or L3 broadcast,

[ooesg];1 H ic f@ﬁ%erﬁﬁti@’&%il el 8eb SY'BQ Nakd E{g é:h@%ééi? o1 GhE M 8fi of

of the set- up procedures, g. aut henti cati on,
the e rovBEAOQO ol settpngsofor thapdbsh iang sreheuedly jiningdIPs are

n)...c)._The PMcan be pre-se i..e fixed far -t
manfleg 8 profeath i Rm s PEYS: Fbial hetefigs to ofiter Megtt Bfs,
[0068ET t i IThersigrtdiy Mbided AR MfofthatibARxéHargeq betWedd TIPS or

occurrence _of certain conditions, the PM se| ection

betwoen Mty andsthe M rior i theeahovg) deserihed mebhersageo myeferably
P By (1 A Oy gl AmllE B TP 2 spB e
physieal tifnpl@neni@iofinie d/Psoosston drttiymishin emdbs MR) sueh gisbMPI01

M e D NSk ol MonL HheUBliRe0] ac
shown! g tFigares; MB6OL NbEPB02/MPNPEs fshewnt fie Filasle 60ahdIMPYO01,
froma certain agreed-upon MP. h) Any conbination of

MP70gMEAL w8 . shayus 2 Figyaee’-7 ThevRrogesspy eatity gnay dgekde for
. L A ;
g, L L0080 EOLSEE AN a8 HAC
statishemenagenhddt érgityn@MBe d'leslayer L20$oftware, for example may be

brooadcast /[ nul.ticast/unic ignal i ng f e in signal .
part 2 6CERR0R A, R R RS OR)D\ Ao n VBT o BegibRation
therod! glibarhadivelylVRAE2sivRhNng hiat indplBMentddE Glsi DAyES L3 or above

required. This_ I E contains the address of the

signgling inagkets oovbEsn (p- 9t erGapsalatertintes 1P sprakets arj iato JUEP/IP
' [ j a1 : i j.fq f1qr

pckl b 56 45100 65550 LA LRARLY By ibeL

hardReagp oms eoftFaper sudi aa I cadsiasplé métmiock stnanagement protocol

SNREIRRHRT e lemelREabrhc BBt L P itmmd Ls
signhlifs figirgbfbor MPs MP702- MPi V. A conpari son procedure ,
[0061]13 s AlllnI tsiigartlael?ngi " rtngsesages and information exchanged as
aforementioned can be either direct-link (e.g., MP-MP signaling frames) or multi-
hop frame signaling (e.g., MP sending a message to another MP via intermediate
forwarding MPs). Furthermore, signaling can take place between MPs and other
nodes in the wired backhaul.

{0065] All methods described above can be subject to or are complemented
by configuration settings in the individual MPs and can provide statistics and
feedback to Mesh-internal or external network monitoring and control entities
(e.g., using remote IT administrator network monitoring software) that can
exercise control on MPs operational characteristics. These configuration settings

and reportable statistics can be set in or reported from individual (or groups) of

MPs by any of the following formats or a combination thereof:
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MP701 where the selection criteria responses

7121...712N fromthe different nei ghbor MPs are
werabuaerl. The PM sel ection decision is made PEBHES20061012905

which MP neets the requirenents in terns of the chosen

oo oyl st rer (TSR oA PILIL R FHRKE o
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P{t\]/g)ﬂéﬁe%i% @Pa@ Hb?gla'gsp %énfwétgﬁn% ases (MI ;

s uhs sigHeRhd Ynels QAR rbgtxb@al B2 QTABRGENGH th QbW&ﬁﬂﬂ@JoP entities,
these Tx Power_ control settings to other

[ ooasqlvarweg%tuglyateahge%sﬁbegfeem@ﬁ ABIaf e nmat i on

thehg{)iove %:SCI‘I ri!légﬁ’met o s are pre é?ﬂg?(t |rrplme%rrgﬁi){0t8ml

as LalylahesLﬁta(MIglmpMdnag{tem si gnal i ng frarres or |Es.

suc sic tatl 0 rocessor
006A]rstt i ty% e f %V%eé g’g‘f 1‘i\ﬂolsél"t§§1 2FRP BRovuEsd by
extefri] Wi ah el et el &Dthe"rm'Pder dbu I\/P%p &f MPHQan VRRES 23S of
shown in Figure 5; MP601, MP602- as shown in Figure

the following: MP701, MP702- MP as shown in Figure 7. The
PrHCERAALsI B, Wl COAIIE, LOLinS XAl G o Laver L2

hardware or software in nedi um ac€ess cofitrol (MAC) or
sthat Admlsm]niagm@met’angs teyg.(13bb).g.j,0 laardlsayom); L2

el B S Ra SP e, e o e o ety DN

ther Rifer, ﬁhdcﬁéaaaluwbybaﬁ@ﬁnalseaﬁ}I ng is inplenented
as_Layer L3 or above signaling packets or IEs, (e.qg.

erfl:)a h 3Py feabigrs qoronpfEket s, or into TCP/ I P packets

| g &{%LGS ﬁﬁ{?’éﬁﬁﬁ I‘%rwﬁ cal inplenentation would

vvare or’ software, such as |IP or
si ﬁ?rpﬂ‘Hneteta/lnek(etga rhgen@riwell and omasqShddt intdrivalspfor TPC;

B L

nqgsggy&oﬁaﬁldmﬁl%mdfon exchanged as aforenentioned
can be either_ direct-1link ﬁ MP- MP signalin

[006§} anes Repprtabler stasistics ake t e_ ithat (cengbe wgeds gm dextgrnal
mangggﬁéﬁ@&ﬁitti& ﬁﬁ%ﬁ&ﬁd&{%&' i€ nof’ ilﬁ:ﬁf@ﬁj{oaﬁr?y of the following, or a

combination thereof:

a) Current Tx power control settings, modes, bandwidth, number of
simultaneous channels (or combination thereof) of MP and neighbor
MPs (as far as known); or

b) Channel statistics such as the value and type of measurements

performed and so on.

EMBODIMENTS
1. A method for controlling transmit and receive power level of a mesh
point (MP) operating in a mesh wireless communication network, the mesh

network including a plurality of MPs, the method comprising:
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forwarding MPs). Furthernore, signaling can take pl ace
bet ween MPs and ot her nodes in the wred backhaul.
wQ 2®65]j042¢ | net hods descri bed above can be subP@rUS1006/012905
or are conplenmented by configuration settings in the
' %dfgét%y §1f%nﬂs f) P ieQr\é} ﬂ*? a?éo%:%ﬁ'cte' Wi sﬁ{x %nxdecgﬁgﬁi %ﬁ%%ed
rn or externa
powezrcsetﬁmguefnrmaﬁm (e.g., using renote IT adm n| strator
network nmonitoring software) that can exercise control
on MPs operational characteristics. These

canfi gkt inethodebt bRBSIMCht ERPRRI €hé bllblvall| Ifo%v&aébttmg
be set in or reported fromindividual (or groups) of

inforppdiagyisgay b seernd MP) igihagnesbrretvorlor a conbi nati on
t hereof: a) databases in the physical |ayer (PHY),
medi um access control (MAC) or system managenent
erd.i t y TheMapthadvi aimbgéimuaity? rveladrieire dhé BacondoMB figriat erksh
tsl?} .ipn the formof nmanagenent information bases
acces ‘%&? b) signaling nessages between L2 MAC or SME to
above protocol entities, advantageously realized in
the form of APIs or ¢c) primtives exchanged between
e

mfrodipents kAt furthes compaisive:
con#x I gur aﬁég?a %%I?il )Egs %ﬁg%lgggﬁﬁ%éjﬁﬁsgggp%g aé)% aeSt Sar MP in

the mestagemek. entities on the MP (or groups of MPs) can
contain any of the follow ng: a) Adm ssible Tx, Rx and
CCA val ue setting and ranges; b) Adm ssible node

sebtings me?h8d dsl #h Bng] omeﬁBgdﬁlQarﬁB)Q-leGJhé%”tl@es RLE MP is
band and sub-band settings (e.g. 2.4, 9, GHz,

enteringthe sy furkhergompaisingipper band and so on) d) Mesh
T r . ' '
1 B ey s PTG O o
nmeasurenent intervals) for TPC, g) Transmt Power
Cf%angeA me Q :Iso{n ta?gr (I)\éP ’em%rodiments 4-5, wherein the first MP
reports its power capability information by at least one of broadcasting,

multicasting and unicasting in either a solicited or un-solicited manner.

7. A method as in any of embodiments 4-6, wherein the first MP
reports its power capability information with a Mesh ASSOCIATION or a Mesh
AUTHENTICATION frame.

8. A method as in any of embodiments 4-7, wherein the new MP
reports its power capability information as part of a Mesh BEACON frame or a
Mesh PROBE RESPONSE frame.

9. A method as in any of embodiments 4-8, wherein the power
capability information is part of directed special purpose per-link or multi-hop
Mesh POWER CAPABILITY frames.
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h) Any conbi nati on thereof. [0067] Reportable

statistics in the MP that can be used by external
wortvageent entities may include, but is not |PCI/USHOE/ 12905

any of the follow ng, or a conbination thereof: a)

Current Tx power control settings, nodes, bandw dth,

nunber of sinultaneous channels (or conbination

t htd.eofd mbthidd asdimeinyhlbbredvadifreatd a-9aswHereinn khe opower

.Channhel stat.isti.cs ch,as the val and type .of
capqhEl, PURORE SO P RUIFE At IRt ot heVEBMHERTS i and
maxiRURO Gradr@if PBiveP land NEHjhstANIH dtepRhe’ REEALYE tRMVEHe new MP

| evel of, a nmesh point. 8I\/P) operating in_a mesh

SUPR{TFS | % SRINEBH APE ARSI WAL YRsPIVe PevEeend addesiolent step size
settifn%g,l légfﬁ;gﬁvg: piel%f%l AN @bAM%ﬁr %%qu”ggﬂﬂ%sc Mikd 18 MP
I'rst a ]y ?eve In a a

usting its power cordance Wt
supportss dbe weatles| thatvible pewelM Pssipponts; ianfldhratperatiorz] bahdwidth

T8 RonS RO TR pdob oSl R b g 2
is capabWdfloperatinghén BRAIOthedhisgMDodi ment 2 wherein the

second MP is a nesh access point. 4. Arethod as in any
of enbodi nents 1-3, further conprising: sending power

cappbi 'zf}]txﬂeéh%ﬁoém ia%? & eﬁgﬁdﬂﬁc{]ﬁé Mo, §hdheih e@étﬁx%@ MP
MP In the nesh network. 5. nethod as in any o
obtagmhtith albowesl Bewlembrdting tilferiniatioh fidnicthenMdsibygatt lkeast one of

S further conprisjng:, the second MP..accepting the.
broagatindyp il e SR i Ciichetid FORE ok oT TP ik hifited
mapd®ri N any of enbodi nents 4-5, wherein the first M

reports its power capability information by at | east
one of broadcasting,

12. A method as in any of embodiments 1-11, wherein the allowed
power setting information is included in a Mesh BEACON frame or Mesh
PROBE RESPONSE frame.

13. A method as in any of embodiments 1-12, wherein the allowed
power setting information is included in a Mesh ASSOCIATION or Mesh
AUTHENTICATION frame.

14. A method as in any of embodiments 1-13, wherein the allowed

power setting information is included in a special purpose per-link or multi-hop
Mesh ALLOWED POWER SETTING frame.

15. A method as in any of embodiments 1-14, wherein the allowed
power setting information includes at least one of the following: power master
(PM) address or PM identifier; regulatory domain the mesh network currently
operates in; frequency bands and sub-bands the mesh network currently

operates in; minimum, instantaneous and maximum transmit power allowed
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mul ti casting and unicasting in either a solicited or
un-solicited manner. 7. A nethod as in any of
werwedient s 4-6, wherein the first MP report SPCT/BS2006/012905

power capability information with a Mesh ASSOCI ATI ON

. . s . I. . .
sottiffs; Sniing sty ictly o fimutin el MR oM ings;
minipowey inspdanédus\andrherimindiC A shesholdofllew ddeehtiBEA@aNdity
. frame.or a,Mesh PROBE RESPONSE frame. 9. A nethod as
timers, Sy S PR RGOS VA, ARG o ataon; Silonce
perideePafl | tebpolafyOosfiEdt i vilués fRadty of tlk bB6tL plPaEoabted life-
. purpose per-link or multi-hop Mesh PONER
timeyRfygS) LI TYf ranes. 10. A method as in any of embodi nents

4-9, wherein the power capability information includes

at |l east one of the follow ng: a m ni num and nmaxi num

t rifns mAt npethed anih adjyusf eerbodshetssl-48, sdtereimgshe dlowed

t he new MP, supports; a nj,ninum an Xi_mum. recei ve
voweyo Selbing R FinRBRh i sEpBIELOE dofeaf e BL 1R ronfite, mesh
netwoN £ hSpanttuldrAnidIheEAR| 616 path,t Ands phsticdlaf Meyn MBde or a

supports; the nodes that the new MP supports; and the
partiggiar Fepipiatersagedfiagnrsh pede-t he MP supports; and the

nunber of bands and sub-bands that the new MP is

capabl e of operating on sinultaneously. 11. A nethod

asl?.n @nymeshodndzodi reexyt sf ntOdimbmisel 16} vehdreins thd/llowed

pow g sedng oy RipR S EROlRE bR 1 BT auR el PRI Vb8 relative

valubd hhd 6ashibitataiitof His6REE nfid relatievabdsi cit ed or
un-solicited manner. 12. A nethod as in any of
enbodi nents 1-11, wherein the allowed power setting

i g i : _ E
orhr Abiedag BE aiif ofleBoftndiS 3FH7, LA AR, st NEPBind

the sotodtiMBegtgblishl 2 peeiar-péar reladionkhipned power setting
information is included in a Mesh ASSCOCI ATI ON or Mesh

19. A method as in any of embodiments 2-18, wherein the first MP and

the second MP establish a master-slave relationship.

20. A method as in any of embodiments 2-19, wherein the first MP and
the second MP periodically receives updated allowed power setting information
from other MPs.

21. A method as in any of embodiments 1-20, wherein the first MP
requests reporting of measurements from neighboring MPs regarding at least
one of power settings, perceived signal-to-noise ratio (SNR), link margin values,

perceived interference power and channel busy times.

22. A method as in any of embodiments 1-21, wherein at least one MP

is elected as a power master (PM) among the MPs.
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AUTHENTI CATI ONfrane. 14. A nmethod as in any of

enbodi nents 1-13, wherein the all owed power setting
wo pdoennepi on i s included in a special purpose PET/UE100&012905

or multi-hop Mesh ALLONED PONER SETTI NG frane. 15. A

met hod as in any of enbodi ments 1-14, wherein the

al | oned power setting information includes at | east

oriz8. of 'ltHeemfatﬂddomi l'ng enﬂmd&nenﬂsi?e, rwlidiin addinéissl BIP fHhdt is

Brst 50 P PPAAY B B RCPPERERE SSERIE 284D B bands

t he nesh netvvork currently operates in; mninmm
i nstant aneous and naxi nrumtransnt power

al #oweds anethagsas rinnern’emlimqmét %%t wﬂﬂemjg anpredetermimed MP
becoﬁf‘egealyﬁ % ﬁﬁgﬁéﬁgg&a m i nst ant aneous

mexi nmum ings; validity
timers or tine-out vaI ues; rreasur errent i nterval s and
silen and, te

vatod & Bietiy adin FHEoqRERns 1 0eTELoE PIeBpoHa oF L gnesh

network W@Bomafcaly FRbARE tRS P any of enbodi nents 1-15,
wherein the all owed power setting information is

SI gnalled for at |east one of the entire nmesh network,

rt i&ﬂieﬂ{od’@§ﬂ1 Jsfnﬂgm enla%hw pé:inaarm? Wit 1Ak I%FS%I]mkS

no e of a particu 10 |nfe ace nmesh
tonéxg‘hboﬁsMPsﬂnecbmﬂ}mRMy of enbodi nents 1-16, V\,herel n

the all owed power setting information is signalled by

at | east one of absolute values, relative values and a

cophi nat infdthed @bﬁiﬂeﬂ&lﬁ)d@ﬂ@nf @Jzatww&eﬂlalth@awpéan the mesh
net hod as in ang{ﬂ@jé nbodi nents 2-17, wherein the

network setqymine ghe B seaas nﬁaégné@nunsmherpkew- t o- peer
rel ationship. 19. A nethod as in any of enbodinents
2-18, wherein the first MP and the second MP establish
a 2fast & nsdthoe arselimteimirtsﬂinhpnt m vthareinhoble 84Ps rinathe aiesh

net R A BOE ey P Mo Ay BBt oo YBRER opoveh TSR Figsh

porthNérOfré@td @itain predetermined MP.

29. A method as in any of embodiments 22-28, wherein a new PM is

elected each time a new MP joins by negotiation among the existing MPs and the
new MP.

30. A method as in any of embodiments 22-29, wherein the PM is
identified by means of layer 2 or layer 3 broadcast, multicast or dedicated

signaling received as part of initial set-up procedures.
31. A method as in any of embodiments 2-29, wherein the second MP in

the mesh network sets the allowed power setting and sends the allowed power

setting information to subsequently joining MPs.
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fromother MPs. 21. A nethod as in any of enbodi nents
1-20, wherein the first MP requests reporting of
wore@sar@aent s from nei ghboring MPs regardi ng apCT/esz6/012905
one of povver settings, perceived signal-to-noise ratio
) , | rf e
EJO%V\%{r an dﬁ%hann%F %%ﬂf?&éﬁbg@ﬁﬁ’%% Pﬁgd vﬁxé&lﬁir}]l SI%/nahng
mesgrfges rdndldinfemation @dchanpet betwesn MPads implendated by means of

o e o B0 S MR LSRR plfver

or abdvatsigisalirig pdckb®y & IEst he mesh network is automatical | y
designated as the PM 24. A nethod as in enbodi nent
22, wherein a predeterm ned M becomss a PMand fixed
fO:‘s a h&d HsNa
Lol PSR By IE B n? o, TRLBR0 AP kbt e
inclwdst o kr more mﬁtthe: &lloyvibg:camimniddéatbMeighthor MReahattheasnesh

e di wher thtem)st s tQ.
noder,? eﬂé%r{b f/].‘g,sq ]Xli; 8% 56?‘%16 %ﬁl\ﬂr%h?? CE(S’B}I%S WOI‘E entities
beyaidbdiirpnddizid renble beibe wirelebPmekh. the mesh networ k
deternine the PMiy neans of a random nunber draw. 28.
A nethod as in enbodi nent 22, wherein the MPs in the
mesh ned wolikod Q& &% Thpor Eﬁﬁ)oﬁ’% Isai KL 'Wﬁér@ih e ﬁgﬁsmmtmg
nunber of hops froma nesh port froma certain

and preeefering mefpe@EeIS’Fbet%EnAl\/Iﬂ?ethlmplememw byf at least one of a

d h
direiP R NS0 e P Ao PrIEH B SR RE i ot i ng

MPs and the new MP. 30. A nethod as in any of
enbodi ments_ 22-29, wherein the PMis identified
medths gt methed as i Ay Rfgmbpdimsati 49t Wﬂ@ammctbgtexghange of

mes&Eilk GG Gers IVH%&HE '1&%1513@&3:‘(3& Q)Si, 18yerP8 Eﬁ%‘&w.#gyggi‘ﬂ\h%!re $£ hidtum

procedures. i n”any
acceg@s 2@ntxeh e(d\éAG) tdlre stadipon andvRgement ent1ty (SME), above layer 2

software or combination thereof.

36. A method as in any of embodiments 1-35, wherein the MPs are
subject to configuration settings set by an entity controlling the mesh network

and the MPs report statistics and feedback to the controlling entity.

37. A method as in embodiment 36, wherein the configuration settings
and reportable statistics set in and reported by at least one of databases in
physical layer (PHY), MAC or SME; signaling messages between layer 2 MAC or
SME to above protocol entities; and primitives exchanged between SME, MAC,
PHY and other protocol entities in a MP.

38. A method as in any of embodiments 36-37, wherein the

configuration settings includes at least one of admissible transmit, receive and

CCA value setting and ranges; admissible mode settings; admissible band and
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the nesh network sets the all owed power setting and
sends the all owed power setting information to
wGaaisagqyent |y joining MPs.32. A nethod as in aPgI/082006/012905
enbodi nents 1-31, wherein signaling nessages and
bbBLPT RheD BERRARL ! b5 (PRY SRBALET oY or oft
su nmeans o .%t’ ?aé%st ongn}g]fe ayer wgﬁg{ﬂ;rgg@zgﬁ??%%egﬁo?r off
addriepdesr aned idemtifiearsdiotr PNj Emer waldes;afpe ' TBCoand oaresmit power
signalin acke or IEs. 33. A nethod as in any of
ch BWﬁig’r%E%yp\/\her ein the second MP include one or
nore of the follow ng: an i nmedi at e nei ghbor M,
anot her_nmesh nodes that the first MP can reach b

. ; y . .
otdfer be mekhodohambadimenrk 36nwherein theysenertable statistics
s old [ T 3 h
e o e TP St Es CERes ond b, iR of
simtahepvs ehanmgs nEgeddEsanvataightorN®Bs;zrel ¢hqunetentsticy
at least one of a direct-link, a multi-hop frane
signaling and via a wi red backhaul. 35. A nethod as in
ango. of Aeredti s (M84in Wheledivbrit NE freshapdiatdlin wireless
nessages between MPs is inplenented by |ayer 2
comipgp B/ CBRPRARPE: i n nmedi um access control (MAC) or
statio ent. e{dﬁﬂ\@' .
soft vvalrr&eﬂ% ?@%gﬁ%%%%%ﬁ% her e ofljtS gg‘%ﬁlénvg%/ E% & g%%d?%ce with
arallogfede pbwdi neetiting linB@mativar ebceitdke fivies amaethsny[Bcin the
to %onfi guration settings set by an entity controlling
t YR network and the MPs report statistics and
feedback to the controlling entity. 37. A nethod as in
enmpodi nent _36, wherein the configuration settings and

r éfdor t dee MP apf epyhodiment {40, awherein othee prasesear livalrther
conifed o REL 280 BOE! VLM BIGoA'lg oL PbochRine

MP jor thieguesh metworkes; and prinmitives exchanged between
SME, MAC, PHY and other protocol entities in a MP. 38.
A nethod as in any of enbodi nents 36-37, wherein the
cotdf. i gW atdsBnpsift tak N@Sanynef eA®SdRhent8 -4 DRhEein each MP

adm ssible transmt, receive and . )
reports its power capability information by one of broadcasting, multicasting and

unicasting either solicited or un-solicited manner.

43. A mesh point as in any of embodiments 40-42, wherein each MP
reports its power capability information with a Mesh ASSOCIATION or Mesh
AUTHENTICATION frame.

44. A mesh point as in any of embodiments 40-43, wherein each MP
reports its power capability information as part of the Mesh BEACON frames or
the Mesh PROBE RESPONSE frames.
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CCA val ue setting and ranges; adm ssi bl e node
settings; adm ssible band andsub-band settings; nesh
W0 e@ndni4h2 power control (TPC) feature on or of PCT/US2006/012905
addresses and identifiers for PM tiner values; for
TP, and ddsBNsdtht aRWeIn RIERRNd014A! WilieeiPin
The me?ﬂod Sof errbgdl nmen wﬁedrael n the report%‘%{lp e3;90wer
capabilityi sformsation isupartaef «ﬂleexsted epecial purpose per-IAR or multi-hop
i dwi dt h, nunber of sinultaneous
Lﬂm@ﬁéﬁ“@ﬁiCéﬁaﬁﬁiﬂﬁgﬁgﬂﬁ'%elghbor MPs; and channe
statistics. 40. A mesh point (MP) in a netvvork of mesh

pOI nts in wireless communi cati on, COI’TprI sin a
pr‘b%esg“em%nweh P& dntayaef erabodiments drd5, einpthe power

h: r tde
cap rec glvedﬁﬁﬁgﬁéaﬁ%%(R%E%%q?%&t égﬁg}mgm?ﬁk%%ﬁa%hgnﬁ$xmpnn
trangpobb gowentamb adjusément stére sireoseldings Thatf thet MP supports; a
red to send itsS own

i, AH B ptdife WRePothd FRERRonYiope i ettings,

senslillﬁifi‘ﬁﬁ ldvelstZnd SO shragBbldb safingdd thay thé W’@Qﬁp@iﬁé}tﬁle modes
0-41. wherein_each MP reports its_ power _capabil

that; the G FPoR Artes, therpesntional headwridthgthagthe M—%ﬂlpwgt% nd the
nuni’b@i' CHSbhRG Sldd &unsflnds! figd ?H G%PS ol cﬁ?&ﬁgogp Efating on

. A nmesh point as 1n any o odi nmen
Slmw%aate@uﬁIYeach MP reports its power capability
information with a Mesh ASSOCI ATI ON or Mesh
AUTHENTI CATI ON franme. 44. A nesh point as in any of

entndi e miesh4PoihB asvieagy bf @atiodiReftePL0-46, WherdifVeich MP
capabiljty information as part of the Mesh BEACON

obtagi Hies alipWeth PONEE ree Hiem I REBpLRSEEr g e MESby Atdeass one of
broaB@ééHng?smh (ﬁgﬁingf AflaSBRE Sin48’tﬁ"e%* ac g@ﬁé@ otrhﬁh-sohmted

power capa [Tty information is I rect

mangweci al purpose per-link or nultl-hop Nbsh PCMER
CAPABI LI TYframes. 46. A nmesh point as in any of
enbodi nents 40-45, wherein the power

48. A mesh point as in any of embodiments 40-47, wherein the allowed

power setting information is included in a Mesh BEACON frame or Mesh
PROBE RESPONSE frame.

49. A mesh point as in any of embodiments 40-48, wherein the allowed
power setting information is included in a Mesh ASSOCIATION or Mesh
AUTHENTICATION frame.

50. A mesh point as in any of embodiments 40-49, wherein the allowed

power setting information is included in a special purpose per-link or multi-hop
Mesh ALLOWED POWER SETTING frame.

51. A mesh point as in any of embodiments 40-50, wherein the allowed

power setting information includes at least one of: power master (PM) address or
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capability information includes at | east one of a
m ni mum and nmaxi numtransmt power and adj ustnent step
wG@rme/ 1881 i ngs that the MP supports; a m ni munPE@mNts2006/012905
maxi mum recei ve power and adjustnment step size
P Ao regREltob Ak (HE MRk AR, el GRS frgpuoncy
bandsppud t Sl}b bémed <0 pidvea tivesba | pdiain devirdertlyt henerat% NP, minimum,

instSUPRArL S, d t he nunger of., bands a a nds,that

mStEl ea%ﬁ/ﬁ*lﬁ PABFEVSE STRRSEYE nBP VIS eﬁf?me afiek H’ﬁsy.mlﬁl?n“m’

instAnti@ebuPOaid  BfaximudlYyreebiveNposiereallowdd- $éttingBer Rinimum,
each MP obtains the all owed power setting infornmation

instapigReoweanb Ipxigun 4t thiesheld %k&@é@&&&ln% validity timers or
timdTHhd {r@.ﬁéé 'lﬂgaﬁ}gm%ﬂf Qﬁt%'i'{raﬁg an 'ah&h'ﬁgﬁfat?orf‘ Qitofibd SQ?Q&S and

un-soli ci'ted manner. . ornt as’in any
temponaoyl pffeattvel - 07 any\,héﬂm abotvla @had amadtq:cbhkrtu&etvaiuag
information is included in a Mesh BEACON franme or Mesh
PROBE RESPONSE franme. 49. A nesh point as in any of
ens2di e Mesh4sdidBas WEAR 0P efnedidhdr¥a0-7IQ Willers®t fHellowed
informati,on is included in a Mesh ASSOCI ATI ON or Mesh
powey Fatting daforntionnis signaled dexatplsask one ofy gy epfire mesh
odl t
o f AT el it I SAD, R DB Riceh WG o0 4 pijcutar
radmunhmﬁmeOﬁ@pmwbsmdALLomED POMNER SETTING franme. 51. A
mesh point as in any of enbodi nents 40-50, wherein the
al  owned power setting information includes at | east

ong3.0f 1A pRsarpdiRSa€in afMof 8atbo@sserits AL A RldreRY the allowed
regul atory domai n the nesh point currently oper ates

power, sefting, irfarpatiands sisnrpledinsnennislf pReabrokieptalae, a relative
valdUbt £ 8bh¥iRRhdhesedeN; M Ni num instantaneous and

maxi mum t ransm t power allowed settings; mninmm
| nst ant aneous and maxi mum r ecei ve povver al | owed

i ng ni nu I NSt ant ane
t AP bshof aFF oHEE S Tngly ol Uy F T Rl Ty Whereln the
processor establishes a peer-to-peer relationship between the MP and another
network MP.

55. A mesh point as in any of embodiments 40-54, wherein the
processor establishes a master-slave relationship between the MP and another
network MP.

56. A mesh point as in any of embodiments 40-55, wherein the MP

periodically receives updated allowed power setting information from other MPs.

57. A mesh point as in any of embodiments 40-56, wherein each MP
requests reporting of measurements from neighboring MPs regarding at least
one of power settings, perceived signal-to-noise ratio (SNR), link margin values,

perceived interference power and channel busy times.
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time-out val ues; neasurenent intervals and
configuration; silence periods; and tenporary offset
wo 200088049Dr any of the above plus associ ated | PEBUSI00€012905
val ues. 52. A nesh point as in any of enbodinents
40-51, wherein the allowed power setting information
is signaled for at |least one of: the entire nesh
neb&wor kKA nzeshadinicad ar ange shembodinoentp 4057, avhpaein thel dlowed
nmesh, .node,and, a particul ar radiq i.nterface of a nmesh
pow R D g SrORMGHON Th S Hhto SUPHEyY P BB Emant & 40- 52,
wherein the all owed power setting information is
signal ed as_one of an absolute value, a relative )
vag%e, Ameshcpeipt matinoany lef eedodiments MhB8LHwherein signaling
: r
mesldbe bbb B 3n 80 Bt Eh T AR AR S5 e of
at lemstl one of hyer 2edigmaling\VPames .or Anfoeslationieddémestsi (IEgnayet 3 or
emhodi.ient s . 40-5 wherei n the processor establishes a
aboygsignaling packefs 91 iBSonshi p between the MP and anot her
network MP. 56. A nesh point as in any of enbodi nents

40-55, wherein the MP periodically receives updated
al $dwed pogel Bant | arg innhvy neft iesPoimenist 85N Pehesin the
( | - Rei
tranlfRE 04 ook Tnd gt pARRIE WTPE R SApRietOEL &t least
one pfa diviect-link, dVEsiltidparfeimg sianaliag ahdotie aofirgbbedkhaul.
settings, perceived signal-to-noise ratio (SNR), |ink
mar gi n val ues, perceived interference power and
chgnnel A behe¥h t HoTRS - £8.-in AaAPSEF RAIHIASntsN 48180, Ofvherein the
enbodi ments 40-57, wherein_the all owed power setting
exchapger neft i siespagesenbetwgesubMueit | ympamentgdvPy Heyern 2
hardWid/RRire 4% hibdd% g&:e QHLIE A OR? Ssta%{gxgrlﬁbﬁa%ement
si gnal 1 ng nmessages and I nfornmati on exchanged betwee
entityPSNE), iabpt e layet 8dofiwane aneombinatiohéheteofine of | ayer 2
signaling frames or information elenments (1Es), |ayer
3 or above signaling packets or |Es.

62. A mesh point as in any of embodiments 40-61, wherein the MPs are

subject to configuration settings set by an entity controlling the mesh network

and the MPs report statistics and feedback to the controlling entity.

63. A mesh point as in any of embodiments 40-62, wherein the
configuration settings and reportable statistics set in and reported by at least
one of databases in physical layer (PHY), MAC or SME; signaling messages
between layer 2 MAC or SME to above protocol entities; and primitives
exchanged between SME, MAC, PHY and other protocol entities in a MP.

64. A mesh point as in any of embodiments 40-63, wherein the
configuration settings includes at least one of: admissible transmit, receive and
CCA value setting and ranges; admissible mode settings; admissible band and

sub-band settings; mesh transmit power control (TPC) feature on or off;
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60. A nesh point as in any of enbodi nents 40-59,
wherein the transmtting and receivi ng nessages
wheiseenIPs are i npl enmented by at | east one OPCHUS2006/012905
direct-link, a multi-hop frame signaling and via a
' MorIn ol! : S [ ' Y. Of .
A0 e e o B (8 T R bk TR sl transmt power
changetonsenadPforithe MBIl enent ed by | ayer 2
har dwar e/ sof tware i n nedi um access control (MAC) or
station managenent entity (SME), above |ayer 2

sadg.ware @esicopihhadd @R ARETr 0bmbodiménti®a0-6201 Wherddn the
i n_any of enbodi nents 40-61, wherein the MPs are

repostable ctatighicso inelyde aati depsteeny mscuraentoTR(7 sattingy modes,
banﬁﬂ%ﬁ,oﬁ&ﬁnﬁgr Bpﬁ{%[g%aegﬁé 50t eqbngf Eﬂzael(\)/%:én& %8%11}'1)% M%s3 .and

statistics and to the contr I'ng €
chanhehsBltispios.nt as in any of enbodi nents 40-62, wherein

the configuration settings and reportable statistics

set in and reported by at |east one of databases in

phegi cah d sk neRYbik of MAShGIoistyEa nsdsBRihd @1 A88ding:
between |ayer 2 MAC or SME to above prot ocol entities;.
arfl porefser enfigurada tg etende nderyesVEastoRCrequeyt dafprmation

elenf¥hf &b rféﬁ@ﬁebg;g‘ldg dﬁ’ﬂ%’ {d ﬁliié(@_a@%%h%\ﬁ a ;%%ve E{Ee%h(rg\ﬁi Dl1e@Son for

In any o I ments erel n the confirguration
the meth netorkns| nedefredtanddastcane pofrer atistersiebp@nse information

transmt ., receiv val.ue seftin 1d ranges; .
clenighfy B thé REFuo B S 1 BB R ' it i B rrierison
procé@litel thas ev RS best Jeddttith leriROME ree@Ridrial the Power neatet Rspohse

or of f; addresses and identifiers for the PM tiner

infoxmati@selegientC, and transnit power change conmmand for
the MP. 65. A nesh point as in any of enbodinents
40- 64, wherein the reportable statistics include at
| e@l6t dnmesh mimt anin &RGodiaidnit rGfswhemie she PAM danidenbified by

nu r of_ sinpult ous channel.s of the,. nd i ghbot
meallBr Tayed 2 it et LR eet e bugpet br, dadichled NphEpd Nypived
as pARIT aRGhtif, seBupBitbedd@irelt (MP) conprising: a processor

configured to send a power naster request infornation

68. A mesh point as in any of embodiments 66-67, wherein a new PM is

selected each time a new MP joins by negotiation among the existing MPs and
the new MP.

69. A mesh point as in any of embodiments 66-68, wherein a first MP
to belong to the mesh network is selected as the PM.

70. A mesh point as in any of embodiments 66-68, wherein a

predetermined MP is selected as the PM and fixed for a predetermined time

period.
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el ement to neighboring MPs to indicate that a power

maser (PM selection for the nmesh network is required
wa@ap@etion4pECei ve power naster response i nfor mat POMUS2006/012905

elements fromthe network MPs and to select a PM

aceor di Rgnddh }?oiﬁf’%’ﬁ{ hRrPbf %ﬁﬁ&ﬂ dnEs 6638 v@ﬂ@eﬂﬁfesprocessor

selection criteria recelved In the power naster
selecsspoMEB anfomesh i pomtad| ferrdhe anedi7 netdvorks mndosets adk tiamsmit

nbodi nent , .66 erejnthe PMs i.dentified b ans, of

pow Pl YNGY Seritigh D55 She reh, SEbonly ariondioedy. Wl mardapes all
subsdqgeatly N@idieg VIPe doagropagiteOfhedd seftindsato SBerUfesh network

procedure. 68. A nmesh point as in any of enbodi nents
MP%6-67, wherein a new PM s sel ected each tine a new MP

joins by negotiation anong the existing MPs and the

new MP. 69. A nesh point as in any of enbodi nents

66788, Avmegshi print 4% Isany/pf ¢nbibinengs 66-68vehereihthe processor

scle AR R ioed Sl ah Reighlbe e A FEINE i e v

is selected as the PMand fixed for a predeterm ned

ti pa&iod.?ln A nesh point_as in ang of enbodi nents

6668 vihSRShPAiRkahFHRRY eiprmbedimepts 66-68yrhersinthesmncessor
detda{ihéd tHOPM BPmIERAL of $ LY nffhes Abswal | transmt

power control® settings for the Mesh network

accordingly, and mandates all subsequently joining MPs

t o, prop t he settings to,.0ther h .net wor,k MPs.

72 R N RGBT B B h i nbuRisu AP I igeinine prodéssor
deteshitined thd P pk or AfftionSH| the trfurdberMT Mégshfrbmea M&sh portal or

links to nej ghbor MPs_as the PM 73. A mesh point as
ﬁ”nﬁﬁcﬁﬁ?”b?“@kgﬁamﬁﬁﬁggpﬁ6-68 wherein the processor

determ nes the PMoy nmeans of a random nunber draw. 74.

A nmesh point as in any of enbodi nents 66-68 wherein

the processor det&rmines the PMas a*function of the

nunber of hops froma nmesh portal or
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froma certain predeterm ned MP. CLAIMS What is cl ai ned
is: 1. Arethod for controlling transmt and receive
w@owenid4ervel of a nesh point (MP) operating i NPEI/DEENG6/012905
Wi rel ess comuni cati on network, the nesh network
including a plurality ofq t he net hod conpri si ng:
sendi ng power capability information of a new MP to at
| east one existing MP in the nesh network; the
Xi sting. MP accepting the new MP as a nenber of the
Wh%ﬁﬁfah’é’gmk and sending al | owed power setting
information to the new MP; and, the new MP adj usting
its power level in accordance with the allowed power

sett i ng metbedforicoptrofingrivansmitangd receivegiomer 1gyed pbp mesh
. e i c o i

pomg?@f[ gg?%g%ﬁ%%g?{ Br (IJ% @a@tl ngS S mi 3?%%%’%313 anz ) b Besh
networkaaslnding a plueatityeof MPs ofheanétthdd @pmpmisied:i ci t ed

mannet. 3. The t.-hod of claim.d wherein the new MP . .

e P CRRPS daBFA o G5 OB o 8 9SE R Sisting
MP ASEH{GhAIH BbvrkMesh AUTHENTI CATI ONf ranme. 4. The et hod

of claim1l wherein the new MP reports its power

c aiap pxisting iMP erepentingnthesngyn MP 6 armembes gt Hrenmesh network

e AR s U EEERIE sty

i nfher mewi MP iadjuysting 4f phiwerclesedl dipeccaldaper patle the allowed

gﬁr-th'iggkgﬁ)r mff.l ti-hop Mesh PONER CAPABI LI TYfranes. 6.
POWSHEEHREHBE ™0 ai m 1 wherein the power capability

information includes at | east one of a m ni rum and

maxi mum transnmt power andadjustnment step size

se¥t i ngkha mathedeofndainvel suipqrein $he maw MRurnenl its power
capéﬂg%iwg}bﬁ'ﬁﬁ%ioﬁetbgomr le%gg ‘?xga' Yyt HFJ&HC&&%%,Shﬁﬁticasting and

S, Ssensi vVity evel's and
unicasting in either a solicited or un-solicited manner.

3. The method of claim 1 wherein the new MP reports its power
capability  information with a Mesh ASSOCIATION or Mesh
AUTHENTICATION frame.

4, The method of claim 1 wherein the new MP reports its power
capability information as part of the Mesh BEACON frames or the Mesh PROBE
RESPONSE frames.

5. The method of claim 1 wherein the power capability information is
part of directed special purpose per-link or multi-hop Mesh POWER
CAPABILITY frames. ‘

6. The method of claim 1 wherein the power capability information

includes at least one of a minimum and maximum transmit power and
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CCA threshol ds settings that the new MP supports; the
nodes that the new MP supports; and the operational
whandm@dh t hat the MP supports; and the nunbePCD1S2006/012905
bands and sub-bands that the new MP is capabl e of
. | ] n S .
dieRACRY SRtk A B Al e mbw NP EIo00 W il and
maxiimuor receiverpdwer mndt dijustivient lsyernsizé eadingonsensitivity levels and

br.oad tin tjpcastin nd uni,casti ng,either
CoA YRRERRRa stftng ot Fi pad W feports: thafaoes g the new MP
supjSdrdd; Anl tHaedRratidhe bahliGiEY thayehe Ha0 tskg}g)rw faidngilel iinber
is included in a Mesh BEACON framne or sh PROBE
of Tegsogod fsubrkands. thate thet new MPclisi eapeblthedfeioneraimg on
: ower setting information is included in a
s O a1 O or oS AUTHENYT CATI O F 1 ane. . 10° The
nmet hod of claim 1l wherein the all owed power setting

i nfor ion is ingluded.in a s i al ose .per:|i

or "ol ¢ T s tRed A R B S Pk A (DB e Affaved
powERsetin®finfdrdiafioh AORI Sther! VPALYONEde2OVHe $EIHrbatasting,

information jncludes at | east one of power master (PM
multigagtingsant upiopstieg eithersyolicited of ansoliciderhamiannene nesh

network currently operates in; frequency bands and

sub- bands the nesh network currently operates in;

m & murithe needmdanéodsimnd. melereinn theardlovtedpquerer setting

o BT B Mot TP obAEhERIRcties: OB Bve
frangddd maxi mum CCA threshold all owed settings; validity

timers or tine-out val ues; neasurenent intervals and
configuration; silence periods; and tenporary offset

vajues f feh ove . ASSOCI [ife-ti .

values, 15 it of (BaBACH" PhIBFDERC Blchfed st fFttine
infopoadpn s irtclurdpdi inf 0 Meahi ABSQEIATION | dr ddeslo A USIHENGSCATION
fran2e of the entire nesh network, a particular

10. The method of claim 1 wherein the allowed power setting
information is included in a special purpose per-link or multi-hop Mesh
ALLOWED POWER SETTING frame.

11. The method of claim 1 wherein the allowed power setting
information includes at least one of power master (PM) address or PM identifier;
regulatory domain the mesh network currently operates in; frequency bands and
sub-bands the mesh network currently operates in; minimum, instantaneous and
maximum transmit power allowed settings; minimum, instantaneous and
maximum receive power allowed settings; minimum, instantaneous and
maximum CCA threshold allowed settings; validity timers or time-out values;
measurement intervals and configuration; silence periods; and temporary offset

values for any of the above plus associated life-time values.
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mesh Iink or path, and a particular nmesh node or a

particular radio interface of a mesh node. 13. The
woreioow4ef claim 1l wherein the all owed power SPCT/URZP06/012905

information is signalled by at | east one of absolute

val ues, relative values and a conbi nati on of absol ute

and rel ative values. 14. The nethod of claim1l wherein

t h&2.neviliP mntha'dh efexlagmi rlg wierest athld sdllewed power setting

intofighion fF PRE-HES/ T tairh e EibePhae Bresbordyefip ERrtioular
meshaEilesr pd’ohy end @l pirtiedlsh nfleshifode Ui pRtieathrafhdid RitéRfdce of a
wherein the new MP and the existing MP periodically

meshdWdeyes updated al | owed power setting information
fromother MPs. 17. The method of claim 16 wherein

each MP requests reporting of nmeasurenents from
nel%}hbdﬂiten gmM?lmdr efackiimg latwhemit thee aiiowmi/\mower setting

intofiE bR 5 iBRST R BB AP Bt vatued fnd o

combiianival of absylutd ARG reldfive VhlResEL hOd Of C| aim1l wherein
at | east one MP is elected as a power naster (PM
anong the MPs. 19. The nethod of claim 18 wherein a

figspt e u C d

ot 50 5 EEE] M RRTILRE b OGO

establisl bguer-depeer redatéonsbip. VP j oi ns by negoti ati on anong
the existing MPs and the new MP.21. The nethod of
claim?20 wherein the PMis identified by neans of

| ayzer 2I'les ndetli6d oB chiimat Gatdreintild h6@SMPOAndl€Hé eRiseshe MP
naling received as part of initial set-up

eStaB}l adupgsr-shye relabionghiRod of claim 18 wherein a
predeterm ned MP becones a PM and fixed for a
predeterm ned tine period. 23. The nethod of claim 18
whig.ei ke methogof chlimol whereimetite newvvwidPkand the existing MP

periodically receives updated allowed power setting information from other MPs.

17. The method of claim 16 wherein each MP requests reporting of
measurements from neighboring MPs regarding at least one of power settings,
perceived signal-to-noise ratio (SNR), link margin values, perceived interference

power and channel busy times.

18. The method of claim 1 wherein at least one MP is elected as a power
master (PM) among the MPs.

19. The method of claim 18 wherein a first MP in the mesh network

automatically becomes the PM.

20. The method of claim 18 wherein a new PM is elected each time a

new MP joins by negotiation among the existing MPs and the new MP.
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automatically becones the PM 24. The nethod of claim

18 wherein a MP with the nost |inks to nei ghbor MPs
wheworeg9l he PM 25. The net hod of cl ai m 18 wheCEUS20061€12905

MPs in the nesh network determ ne the PVoy nmeans of a

random nunber draw. 26. The nmethod of claim 18 wherein

the MPs in the nesh network determ ne the PMas a

f uBitt i dtheofnetial ofidliaimn 2 whepsinftherPM isddbntified Al means of

froma certain, predetermned. Mp. 27..The net had of
layeg 0T R S SRR AR HACaRoR Sedifrl SR aBBASPR VL o Pat of
initiaSetalp pMREdBRYEr setting and sends the allowed power
setting information to subsequently joining MPs. 28.

The nethod of claim1 wherein signaling nmessages and

i ngor | O h [

mettie oG aAG BEEEdn Uit FRAETHY fltoles o P
and ifixed fored posdetdrenmnd $infd psiod.and | ayer 3 or above

signaling packets or IEs.29. The nmethod of claiml

wherein the existing MP includes i medi ate nei ghbor

MPg3. Oothed midBSdd GFdigien 18 fheri® DRWSNDoSERI of BREMEBY network

other MPs and other network entities beyond the
autqmaghieHllyikecomge BhoPM-he wi rel ess mesh. 30. The net hod

of claim1l wherein the transmtting and receiving

nmessages between MPs are inplenented by at | east one

of 24 diTlectmdthod, ofaclaitht 1§ oyhdremme ¥R neith nheanmdst ilimka to

. 're&#p ckhaul .. 3 The nmethod of claim1l wherein the

nel%‘?&?ﬁ %Pmﬁﬁg%%é% bet ween MPs is inplenented by

| ayer 2 hardware/software in nmedi um access control

(MAC) or station nmanagenent ent.ite/ (SME), above | ayer
2 39f t whire mesthed afi dlaim di$ wherainf the3PsThe thetmeth aptwork

%@ Pfhel% | %ng o configuration
detese tlﬁ%es se f%{%ag%gfe%?é?@nggn r(??ﬁr%%"the mesh net work
and the MPs report
26. The method of claim 18 wherein the MPs in the mesh network

determine the PM as a function of the number of hops from a mesh portal or

from a certain predetermined MP.

27. The method of claim 1 wherein a first MP in the mesh network sets
the allowed power setting and sends the allowed power setting information to

subsequently joining MPs.

28. The method of claim 1 wherein signaling messages and information
exchanged between MPs is implemented by means of at least one of layer 2
signaling frames or information elements (IEs), and layer 3 or above signaling

packets or IEs.
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statistics and feedback to the controlling entity. 33.
The nmethod of claim 32 wherein the configuration

W@ eaobilngs2 and reportabl e statistics set in andPCEPSIDE2905
by at | east one of databases in physical layer (PHY),

S to égéoﬁ\nlle pr o(?oco én ?glgt}ge&gﬁ%% ir\n/ﬁ%/ﬁ{/c}elgde%n%diate

neighboh Mt dtiat meshn nSits tlrM%GheFité\fv MP cah reschpby bticerl MPs and
entities in.a MP. 34 The thod ai m 32 wher.ein
othe et pitok haAnE She FRGLIAHE Peaseofdhe MOEpos et

adm ssible transmt, receive and CCA val ue setting and
ran es; adm ssi bl e node settings; adm ssible band and

.bankhes aqthpdof ¢labn 1rwhemsin thevwanswiting apd pEyeiving
0 ; e K .
mes%a?%%bﬂ ?{Ihe g’fPs foe ?:9151 tgsasbl)g%:gleb (;He (tf‘ Cﬁgﬁ%@n}f% multi-
hopcfmnmm@nﬁhnghhévi@a“ﬁﬁedﬂ'atckhaﬂlhod of cI al m 32 wherein -
the reportable statistics include at |east one of
current TPC settings, nodes, bandw dth, nunber of
si gl t anROpRtEdERANELAm Of whaﬁelmha netcRi S0 edMZEes dBflveen
channel statistics.36. A nmesh point (| in a network

MPswpiis pmplemprsited i lamrr%m@géwerﬁﬁﬁﬁw@st ino medé@#pwfsiiﬂﬂ gentrol
MA)PLECRAHSE, SGHEE LGS MIMER QDM 2 sqfware or

combhmtrms:hemfv\ork, and to adjust its power IeveI in
accordance with all owed power setting informtion
received fromanother MP in the network. 37. The nesh

POSAt  OFheCRENBIT MId € ihe@amthiRMIPS R9S kdhjkétStoR@WEEUTation
capability information by one of broadcastin

Settingt sabclaY g Bty apizalingngheoimdsbr neitark; wedl the MPs report
statidlics Qhl Foddp %]%E@ﬂ?erco ﬁdllni[ggnﬂ%h poi nt of claim 36

ereln eac Feport capability
inforrratl on with a Mesh ASSOCIATIO\l or Mesh
Wh -‘%_I ENT, CATI ageﬂ?f{g %%Thel'&nESht e0|cht1ﬁggl§ra %o% snétg’ings and

reportable stat1stlcs set in and reported by at least one of databases in physical
layer (PHY), MAC or SME; signaling messages between layer 2 MAC or SME to
above protocol entities; and primitives exchanged between SME, MAC, PHY and

other protocol entities in a MP.

34. The method of claim 32 wherein the configuration settings includes
at least one of admissible transmit, receive and CCA value setting and ranges;
admissible mode settings; admissible band and sub-band settings; mesh transmit
power control (TPC) feature on or off; addresses and identifiers for PM; timer

values; for TPC; and transmit power change command for the MP.
35. The method of claim 32 wherein the reportable statistics include at

least one of current TPC settings, modes, bandwidth, number of simultaneous

channels of the MP and neighbor MPs; and channel statistics.
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capability information as part of the Mesh

BEACONf r anes or the Mesh PROBE RESPONSE frames. 40.
wab@eiremh2 poi nt of claim 36 wherein the power PCT/US2006/012905

capability information is part of directed speci al

pur pose per-link or nmulti-hop Mesh POAER

CAPABI LI TYf ranes. 41. The nesh point of claim 36 :

wh86.ei nAt lmeshopeint c@pBbiibi & ynetwfork maf ineshi pointdem atireless

| east .one of a mnimum and maxi rumtransmt power and

mﬁﬂfﬂ%ﬁ%ﬁ?"@?ﬁ‘ﬁmﬁ ze settings that the MP supports; a

M Ni MU}, @RskeSEV¥ icBRAEIRE o \s_nA AHEswW R pdwas LMSIHIBH inFé1@Pation
size settings, sensitivity levels and CCA t hreshol ds

seta phipast pae ei‘ﬁ@nE’FMEdﬁp mesh petwarke gnd Hatadjyss ikPpower
SURRAT s accro %&Q %ﬁlﬁ %@zledtﬁ%%w déytil,?n% %Bﬁg g@efﬁ%‘é?d from

supports; the nunber of s an
thenNEerﬁﬂ%apﬁhimdmmﬂnperat|ng on si mul t aneously. 42.
The mesh point of claim36 wherein each MP obtains the
al  oned power setting information fromthe MP by at

| eg®l OTge @hedl PAEE ATt d1AEN FBWiHeeant it RITF rylsuﬂ;@sﬁsl 58wer
in either a solicited or un-solicited manner. 43.

capahility peppatign by aperBbrogdeassing, ﬂinétlaastme@%@mastmg oither
1i Walelyl | s included in a Mesh BEACON framne
=0 1%?‘&%{;%1 E%%%E frame. 44. The nmesh point of
cI aim 36 wherein the allowed power setting information
ncI in a.Mesh ASS Tl ON .0 S .
eI Poiltfeet BTt wHELHSeAT VB Tepartyiepower

capé(ﬁiﬁf,}el NidfbEmalibovedrifiowern seMesRy IAYSOOBITION | Sor  Mesh
included in a special purpose per-link or nulti-hop
NOANPN

AUTHEEN framrER SETTING franme. 46. The nesh point
of claim36 wherein the allowed power setting
information includes at | east one of: power master
( PRY. adthe siseshr péit dfndlaioh 636 whegeiha¢aphy MO reportd e power

cap&?k‘)alfipy Pn(_}(‘lorr}:ttlat%'lnr :’Else Batul'tyof %ﬁg M‘etsﬁstﬂﬂC Ofl\f ?r%lﬁlmeegc% tgg rMéc’shalglgOBE

RESPONSE frames.

40. The mesh point of claim 36 wherein the power -capability
information is part of directed special purpose per-link or multi-hop Mesh
POWER CAPABILITY frames.

41. The mesh point of claim 36 wherein the power capability
information includes at least one of a minimum and maximum transmit power
and adjustment step size settings that the MP supports; a minimum and
maximum receive power and adjustment step size settings, sensitivity levels and
CCA thresholds settings that the MP supports; the modes that the MP supports;
the operational bandwidth that the MP supports; and the number of bands and

sub-bands that the MP is capable of operating on simultaneously.
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sub- bands the nmesh point currently operates in;
m ni mum i nstant aneous and maxi numtransmt power
wW@bkdoomed9xset ti ngs; m ni num i nstantaneous and PERUN06/012905
recei ve power allowed settings; mninmm instantaneous
angs, MU GERoIY SRR 58] BURSh 384 MSbaAL b iowed
timers or tine-out values; neasurement intervals an
powaokiting dhformatiinl droae ther MBsby anid leastponarof dfdaslessting,

val ues far any of the_.above.plus assocj.ated life-tine
muldjSaelfad sttt g T E SOt 8t RRS6L Gk B G
al | oned power setting information is signaled for at

| east one of: the entire nesh network, a_particular
nmelh | iThe seshapdint of pdaim 3¢ athepeinhthroglowad power setting

. 1ol 0 T

imfofl B0 P AR o Tl BRI SRl (RO AORE RO

framienf ormation is signaled as one of an absolute val ue, a
rel ative value, or a conbination thereof. 49. The nesh
poi nt of claim36 wherein the processor establishes a

pegef. - t Theefesh epdtht QF Sdkhitn B8 WaRReihhthdVR1IBWE] gt dresetting
network MP. 50. The nesh point of claim36 wherein the

inforgpafamn isoncliled injasMesh A IATION, p& MashaA USRI BICATION
frapR€t Ween the MP and another network MP. 51. The nesh
poi nt of claim36 wherein the MP periodically receives
updat ed al | owed power setting information from other

F/gﬁ] e 2 @e;rg’%(ﬁﬁ?gqt}rﬁg g’if n‘iﬁt%i% Lﬁ%Je m%%f %ﬁ%ﬁé}p"ﬁﬁ ?;(Q:PPVY% setting

infolMEStide 8l thdbeded iheaskpd plrpyree Reﬁﬁhk! B8Smulti-hop Mesh
percei ved signal -to-noise ratio (SNR), link nmargin
ALLOWVERSPOPEER Nirapfeer ence power and channel busy

times. 53. The nesh point of claim36 wherein the
al | oned power setting information is sent to
s ulss e Bret imesh opainth @f MPsim 536 wheeeinetiie powed ofowdrasetting

ST N AT —
regul £38¥ deARIPfthe mesh point currently operates in; frequency bands and
sub-bands the mesh point currently operates in; minimum, instantaneous and
maximum transmit power allowed settings; minimum, instantaneous and
maximum receive power allowed settings; minimum, instantaneous and
maximum CCA threshold allowed settings; validity timers or time-out values;
measurement intervals and configuration; silence periods; and temporary offset

values for any of the above plus associated life-time values.

47. The mesh point of claim 36 wherein the allowed power setting
information is signaled for at least one of: the entire mesh network, a particular
mesh link or path, a particular mesh node and a particular radio interface of a

mesh node.
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| ayer 2 signaling franmes or information elenments
(IEs), layer 3 or above signaling packets or IEs. 55.
wab@eremb2 poi nt of claim 36 wherein the transnmPeT/Us106/012905

and receiving nessages between MPs are inplenented by

at ol ea f di .- | ipk l,tihop fr :

Sihal hg ke ol B R b Akt ep efiine
inforafatmhaismsPmaldibagi ond b axabasigee ghluegss agbivect ke or a

MPs .i s,.inpl emented by | ayer 2 hardware/ software in
combﬁ’%%"il‘ﬁﬂﬁhfr‘gg%tgscontrol (MAC) or station managenent

entity (SME), above |ayer 2 software or conbination

thereof. 57. The, WEShﬂ]ngi nt of claim 36 wherein the
VES. ar Ehe uppgrroind ebplaimusGiimreinethé pyecesenr establishes a

ent| ] ] t t k. a S report
veer §Fpeb A0S0 bBasATHIRP A B IRl T ) s
The nmesh point of claimb57 wherein the configuration

settin and .reportaple.stafistics set in and repgoyted
Vet &Eastfle%}heomt_ b elims ot TheTgRy Bhe BRoteasady eqiphigties a

masttPlae refMEonShi KiltivRen IRSHAISS REStHRE RetvpiRMB, MAC or
SME to above protocol entities; and primtives

exchanged between SME, MAC, PHY and ot her protocol

et ti [ . .59, T ' froCl ak m. .
: \/\Arﬂ5 e1 rei ?ﬁ? hrge%lo Ilné; u&a‘i@%ﬁ Sgg\% F?l%g}é %%c Edéees O?tl %ﬁé’aﬁcewes
updaderbalddwed povassditiagtinfonmeatibn frome ethee MRsl CCA val ue

setting and ranges; adm ssible node settings;
adm ssi bl e band and sub-band settings; nmesh transmt

PoRer TRBLhAh HdRELF ERAh U 1ewRBrdh bl MPQQ«}@?&%@% ng of
identifiers for the PM tiner values for TPC, an

measuraments fropweeisbharige NBawegarding at lrasi/one 66 poviee settings,
. . . . reno a |
percOLgBhL LA RO 1 5 RO S AL Erence
poweraandwibdhinel busyhiémesf si nult aneous channel s of the MP
and nei ghbor MPs; and channel statistics. 61. In a
mesh network of nesh points, a nmesh point (M)

CEIPT | FhBUmesh RHIRHEBE RaifiPBE! GHEREN LiDeSENGWAL RRWRE setting
mast er request i nformation
information is sent to subsequently joining MPs.

54. The mesh point of claim 36 wherein signaling messages and
information exchanged between MPs is implemented by means of at least one of
layer 2 signaling frames or information elements (IEs), layer 3 or above signaling

packets or IEs.
55. The mesh point of claim 36 wherein the transmitting and receiving
messages between MPs are implemented by at least one of a direct-link, a multi-

hop frame signaling and via a wired backhaul.

56. The mesh point of claim 36 wherein the exchange of messages

between MPs is implemented by layer 2 hardware/software in medium access
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el ement to neighboring MPs to indicate that a power
master (PM selection for the nesh network is required
w@nwetion4pECcei ve power master response i nfor mat PONUS2006/012905

elements fromthe network MPs and to select a PM
contrGEAACH R Ptify FRIRALION SRAFIONID shBte RYRr & kivare or
combiredpartherdafif or mati on el enents. 62. The nesh point of

claim6l wherein a first MP to belong to the nesh

network is selected as the PM 63. The nmesh point of

cbai mBie whedleigoidk REVCIRM S36 avRéleasl thaCMPY MRe asulff¥ét to
MP j oi ns by neg%tl ation anong the_existing MPs and the

configiggtion selmgsmek bisarendsy songpllingdbmmesh ptwerk and dhepPs
I S i : | ayer 3

rep Oﬂtg?gdé%gfa&élta BH%%%S§€%? Egélé&c@ég% gétl{é}ir'gnal i ng received
as part of an initial set-up procedure. 65. The mesh

poipnt Qf clajmé6l rein.a predetermned MR is ...
P8 ioe: Dhe b ot B dufn BrarPhEIs v Byililntinh Settings and
reporb&le @tatidtfes s&hen AR Tepotdd bofatabadtoelofiREBAdRs iR §hysical
rocessor selects its MP as a nesh portal for the nesh

P .
layeriBHgr MAG A\ SMEkssignaling mesmges hetieerctnver 81 MA&t ey AYEE to
abovd gfots&)‘? eMﬁﬁQS;rﬁ{ iﬁi%&&@é}@hgﬂgé/d b%eﬂ%ﬁﬂg R@\@J PHY and
subsequent |y j ol ni ng s to propagate these settlngs
othert protachleentitéeshinreeMibrk MPs. 67. The nmesh point of claim
61 wherein the processor selects an MP with the nost
l'inks to neighbor MPs as the PM 68. The nmesh point of
cbai mBe Whedte ipdirther RIARE 5F0WheRiL! theNesnfigt@afibYsettings
. means. of a random_nunber draw. 69. The nesh point of
includesypiniegst oprople pAmMsrEbIs tsRRIRY regeive ARideGA FRiuPRpthingAnd
rang%s*;‘ BahiQ5n18 fm&tﬂ@s&'t‘igg:?;r a(ﬁﬁisggﬂ){/ggﬁ@ Th8 TBHhRCEdBheQ mesh
foma certaln predéterm ne .
transmit power control (TPC) feature on or off; addresses and identifiers for the

PM; timer values for TPC; and transmit power change command for the MP.

60. The mesh point of claim 57 wherein the reportable statistics include
at least one of current TPC settings, modes, bandwidth, number of simultaneous

channels of the MP and neighbor MPs; and channel statistics.

61. In a mesh network of mesh points, a mesh point (MP) comprising:

a processor configured to send a power master request information
element to neighboring MPs to indicate that a power master (PM) selection for
the mesh network is required and to receive power master response informatidn
elements from the network MPs and to select a PM according to a comparison
procedure that evaluates selection criteria received in the power master response

information elements.
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62. The mesh point of claim 61 wherein a first MP to belong to the mesh
network is selected as the PM.

63. The mesh point of claim 61 wherein a new PM is selected each time

a new MP joins by negotiation among the existing MPs and the new MP.

64. The mesh point of claim 61 wherein the PM is identified by means
of layer 2 or layer 3 broadcast, multicast or dedicated signaling received as part

of an initial set-up procedure.

65. The mesh point of claim 61 wherein a predetermined MP is selected

as the PM and fixed for a predetermined time period.

66. The mesh point of claim 61 wherein the processor selects its MP as
a mesh portal for the mesh network, and sets all transmit power control settings
for the Mesh network accordingly, and mandates all subsequently joining MPs to

propagate these settings to other mesh network MPs.

67. The mesh point of claim 61 wherein the processor selects an MP
with the most links to neighbor MPs as the PM.

68. The mesh point of claim 61 wherein the processor determines the

PM by means of a random number draw.
69. The mesh point of claim 61 wherein the processor determines the

PM as a function of the number of hops from a mesh portal or from a certain

predetermined MP.
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