[0001] METHOD AND SYSTEM FOR CONSERVI NG BATTERYPOWER
OF MESH PO NTS IN A MESH NETWORK [ 0002] FI ELD OF

wO DMERIIIEN [ 0003] The present invention is rel BCEUS1006/608590
wi rel ess mesh network which includes a plurality of
battery-powered nesh points (MPs). Mrre particularly,
the present invention is related to a nethod and
system for conserving the battery power of the (MPSs)
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mode than in a receive mode. However, the receive mode is the overall
determining factor for long-term power-consumption in WLAN devices because
distributed coordination function (DCF) or enhanced distributed channel access
(EDCA)-based WLAN devices need to listen to all incoming packets, regardless of
the destination of the incoming packets. During the receive mode operation,
WLAN devices monitor signal presence on a channel. If a signal is detected, the
WLAN devices try to decode a preamble and a header of a receiving data packet.
If the destination address of the packet matches the address of the device, the
devices decode the packet. Otherwise, the packet is discarded.

[0007] In some situations, the WLAN must deploy battery-powered MPs

and mesh access points (MAPs), such as for military and/or emergency situations.
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and mesh access points (MAPs), such as for mlitary
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[0011] A more detailed understanding of the invention may be had from the
following description, given by way of example and to be understood in
conjunction with the accompanying drawings wherein:

[0012] Figure 1 shows a wireless mesh network in accordance with the

present invention;

[0013] Figure 2 is a flow diagram of a process for saving battery power of
MPs using a centralized controller in the mesh network of Figure 1,

[0014] Figure 3 is a flow diagram of an alternate process for saving battery
power of MPs in the mesh network of Figure 1 without the use of a centralized
controller;

[0015] Figure 4 is a block diagram of an exemplary centralized controller

used in the wireless mesh network of Figure 1; and
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controller; [0015] Figure 4 is a block diagram of an
exenplary centralized controller used in the wrel ess
wore®b/oymsaor k of Figure 1; and[ 0016] Fi gure 5 PGI/ES2006/008590
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on outgoing links. The mesh APs 104 are also MPs with an interface to provide a
radio access to the WTRUs 108 to provide WLAN services in a certain geographic
area. The WTRUs 108 communicate with another WI'RU in the mesh network or
a backbone network 110, (such as the Internet), via the mesh APs 104 and the
mesh portal 106.

[0022] The WTRUs 108 are typically unaware of the presence of the mesh
network 100. The mesh APs 104 forward the traffic generated by the WTRUs
108 to another mesh AP 104 or the mesh portal 106 by relaying the traffic via
intermittent MPs 102. The mesh portal 106 provides connectivity to the
backbone network 110 for the mesh network 100. Thus, the mesh portal 106 acts
as an MP with a special interface to the backbone network 110.



network 100. The nmesh APs 104 forward the traffic
generated by the WIRUs 108 to anot her nesh AP 104 or
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and the battery power level indications are preferably sent by means of layer 2
(L2) or layer 3 (L.3) signaling messages, such that the centralized controller 120
recognizes the requirements of the MPs 102 for battery power savings.

[0026] The information is preferably included in a capability field in
medium access control (MAC) layer messages, such as association, authentication
or probe request messages. Alternatively, the information may be included in an
information element (IE) of the L2 or L3 signaling messages that may be

included in any data, control or management messages which are exchanged on-

demand or periodically.



and the battery power |evel indications are preferably
sent by neans of layer 2 (L2) or layer 3 (L3)

WG e@nadiley nessages, such that the centrali zedPCT/US2006/008590
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operate with multiple radios. In such case, the MPs 102 are able to transmit and
receive on more than one frequency channel at the same time. For example, the
MP 102 may use a dual-radio with IEEE 802.11g radio and additional IEEE
802.11a radio for backhaul, or the MP 102 may use one IEEE 802.11g radio for a
basic service set (BSS) and two additional IEEE 802.11a radios for backhaul.
[0030] The power save function is implemented by selectively turning on
and off at least one frequency channel during the power save mode. The MPs 102 ‘
n;;;iy have separate modems for each frequency channel or some parts of the
modems may be shared for multiple frequency channels. In either case, by

turning off all or part of the modem, the battery power can be saved. In a non-
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parameters. [0029] The power save parameters may be
configured to control the frequency channels on which
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200 - 1000 ms, and finally, a third one of the MPs 102 receives from 100 ms - 200

ms, and sleeps from 0 - 100 ms and 200 ms - 1000 ms. This process is repeated

each second, (i.e., 1000 ms).

[0033] The centralized controller 120 may set the algorithms for deciding
on routing paths and connectivity through the mesh network in accordance with
power-saving needs of the MPs. The centralized controller 120 assigns a routing
path and data packet forwarding patterns through the mesh network 100 in a
way that the number of MPs in a power save mode involved in the routing path is

minimized. The MPs not included in the routing path may go into a doze state
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[0032] In a preferred enbodi ment, each of the MPs 102
is allocated an individual service tine period. Thus,
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periods to individual MPs 102 while coordinating the
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pat h considering the battery power |evel indication
taffiim t he MPs 102. [0034] The centralized controller
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own based on observation of the radio environment, perceived traffic flows,
anticipated requirements, battery power level, or the like. The MPs 102 are
completely autonomous and entering into the power save mode is under the
decision of each individual MP 102.

[0036] Referring to Figures 3 and 5, an MP 102 includes a monitoring unit
502 and a power save controller 504. The monitoring unit 502 of each MP 102
monitors at least one of radio environment, traffic flowing through the MP 102,
(i.e., the amount and/or nature, (e.g., real time vs. non-real time), of the traffic),

and a level of remaining battery power of the MP 102, keeps track of traffic

history and anticipates near-term traffic flows (step 302).

.



certain allocated transmt opportunity. This schene
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mesedncluded in the roytingpath s winipyzedy T ho Fgdle rnmlsh@nporarﬂy

At L B PR g e

sane thine tth enaxaohize wInge b A gD, trahﬁnttr@[pbr’runaud t he

DL PR LA PSS SR 108 8 o

cB8hS¥, Bsuch as operating frequency channel scheduled service period interval,

a routing path and aggregation of traffic data), or may simply announce the
operational changes.

[0041] It should be noted that although the present invention is described
with reference to L2 and/or L3 signaling, it can be implemented with any ISO
layer of signaling. For example, a protocol such as CAPWAP RFC would be
signaled over UDP/IP, (i.e., at LL5). Furthermore, signaling over SNMP or at the
application layer using a proprietary management software or firmware may be
implemented.

[0042] Embodiments



certain level or the battery power |evel reaching a
certain level), the power save controller 504 of the
w@20obiogauBar MP 102 triggers a power save node BET/E82006/008590
i nform ng nei ghboring MPs of the triggering of the
power save node (step 306). [0039] During the power
[6@45? nodel. Ihembbh AORvdrRRAQIBRES IR ofWJtEex??B%Fe% mesh
W t spect

for power savings as stated hereinabove
popte (MBs) pad acgepbralized controldenyp methodyr emiserting éhe battery
.frequency channel to save
ptbﬁng 8@?%82933’8{)}{\%%?&@%25{5&%6%{ may enter into a doze
state in (a¢tor Mscedgmaliny inff@nsetion assopiatddwithiiotserding MP

agreed by t MPs, 102, which. specifies timng to go
bRREE ot b Be Spatalited SnEallsT B Bo mi MES02 rmy ©
det er m nepy {1 MPY bi AGdPBERd i ShSEEPat{ad) pbber lwlysésoﬁfated

MPs in a power save node included in the routing pat
viith thejfespoctiye MRe tovike cempratizpd comtwollem dri tp peenMPs; and
I ncom ng ' f and_send regat e
dat a pac k(gf'%x%g Eg%zdaér?g tlfblll%ég @rpﬁs%%ﬁi“?&gﬁggﬁﬁurﬁgon of
tlge mesh nemkiur?sabm’:]haﬂifgﬁh%in% i&%ﬂ%aﬁﬂiﬁ'oﬁ@brﬁb@ﬁd?@MP battery
negoti at.e nei or . for the operationa
Pewghaﬁi?h? gﬁ?ﬁ%‘i’f‘y&&o"%ﬁg%ﬁl YtiRfuency channel
[cRipdul ed. SR irfeChdiEsf @SbddinshY #'f rifief B 3Gnpal h and

aggregation of traffic data), or 1?ra_y nply afnounce
t he oper 48] Gietentiadined sontpater Hctivating eoweb saviog danction in
D, e present invention is described wth

aﬂ&%‘giﬁgllrﬁ%:e tghﬁggand/or L3 signaling, it can be

[Q045] enment3dl'é tetlaodyoflchithbddiyent fouﬁh@zﬂaiﬂlp}ﬁsingﬂr

exanpl e, g r ot %gr/%h, sgch as1 CAPWAP RFC woul d be .

si gnal ed (e e qsppetise epntgo ,leré-‘POT_dS‘_j“?‘tm% F]?%MPr‘FdPé’Pel_“ate ina
PO Nalvig e uPHUF@leRimi @RRIgetRjILoN | ayer Usi ng

a proprietary mana%errent software "or firnmware may be

[Q0461 ementde dlhe motdpi of ambdiimeerts @besin the dentwlized bontroller
[ j i of battery.-powered nesh

BB Lo SIPRGo BB berlariil kbR a T ot oG

[(0ef7] cons é& VIgmetimdad eindoftinpawel whéreimehI\Ratralized controller

met had conpri si ng:
resniesom a mggn i)gll'tglgconnected to a backbone network.

[0048] 6. The method of embodiment 5 wherein the backbone network is
the Internet.
[0049] 7. The method of embodiment 1 wherein the centralized controller

configures the mesh network to minimize the number of MPs that do not have a
power saving function activated.

[0050] 8. The method of embodiment 2 wherein the activated power saving
function is deactivated on a periodic basis such that the MP can listen for mesh
beacons to determine whether the centralized controller or a peer MP desires to
assign the MP to a routing path.

[0051] 9. The method of embodiment 1 further comprising:



(a) the MPs signaling information associated with

conserving MP battery power to the centralized
w@owbogiBer or to peer MPs; (b) the MPs provi dP@IyUS2006/008590

i ndi cations of battery power |evels associated with

the respective MPs to the centralized controller or to

peer MPs; (d@'&@ 1t ohB@f ¢ROME éléﬁﬂlﬁé‘) %ﬁégﬁh%g{}x\l,\%éidxgﬁed &Vith

opti m zi the configuration o ase
CoRsarTiE rattery PoyweD tmmtbﬁr Mgt ircthesmesh netwdPkbat t ery

9994 2010 D8RR RIS PR i

to tlee otder MP indidates rahrmtdnded @oﬁrbr/ gdHng ag%ﬁhg\l\eg S ?Il_\é i ng
tion east n e of the M e
00800 or L Bhemitiind & Spimeris ?Weélilﬂgemfcmnactm signaled
6 €N bilet 260 11&@@&68‘1{/[?9&%8@97%%5 RAdiL gﬂn{h%rqnnn egﬁa'{;f&no perate

i n a power saving node during predete tinme
54l ods. 10ley methmde ofieemberlinfensnbodiheesin thevhmf@inmtion

| ds
<SR 2R LA RAa 0 e BPRRP SR e o
sgtﬂrce,rrbopbwmm;avb menbﬂmy, tahpow@ntéal héat) rl QVigs features

d kb
ity eied P ahg T a e b i nar Dol S AR 5 wher ei
[0055] backbmeThet metHod 9f t AbddibRneel - whaf 48] tlge ihfimation

met hod_of enbodi ment 1 wherein the central

agwpsiated with eopserving MEP balderyetwards wamﬂmadaynnﬂ fi2er ldyer 3
rg? alffe. MPs that do not have a power saving function

actl%t [ 0050] 8. The nethod of enbodi nent 2

[QG5EE ei n t]hie Hlod i methed bﬁvﬁﬁbé‘tﬁiﬂeﬁﬁ fuptbian tise NF}nformatlon
can

d on a i c basis such that the
PG D SRR BB RReSY BV & WEMIudpiLeYsapehiity Bold ina
nfeditith Alct R QoL MPACPheitlerad PEEr MP desires to assign
MP to a routing path.

t he
[0057] 15. The method of embodiment 1 wherein the information

associated with conserving MP battery power is sent in response to a request
from the centralized controller.

[0058] 16. The method of embodiment 1 wherein the information
associated with conserving MP battery power is sent from the MPs to the
centralized controller on a periodic basis.

[0059] 17. The method of embodiment 1 wherein at least one of the MPs is
configured to operate on two frequency channel s but conserves battery power by
turning off at least one frequency channel to save battery power.

[0060] 18. The method of embodiment 1 wherein at least one of the MPs
enter a doze state to conserve battery power in accordance with the service period
interval.

[0061] 19. The method of embodiment 18 wherein the service period

interval is negotiated between the MP and the centralized controller.

-10-



[0051] 9. The nethod of enbodinment 1 further
conprising: (d) at |east one of the MPs signaling
WO pdoensmEsd on associ ated with conserving MP bat PET/YS2006/008590
power to another MP in the nmesh network. [0052] 10.
The nmet hod of enbodi nent 9 wherein the information
[Goaznal ed zto Olnt Q?%%gﬁétf]@i%ﬁdhdmges ;ﬁﬂx%dlﬁ%b Qiﬂgﬁdtem‘pGWered
savi ng action. e, ne of enbodi pent
mgsbRomptstMPS) s Brethed cgpmngotﬁle 2455 BOGF ONe MPs, the

%Béd‘?&ﬁ {.\iﬁ?%oze/ awake cycle timng information.

n{‘ 4 E e nethod of enbodinent 1 wherein the

i nf or mat i (eheahsd thaldRs deVIlﬂllﬁd}YSIBonnmaﬁéQ flewipg through
ower inc ne of a [ K

eV EreepalF Ry v 13 e 05 R e EPIL £ poBRMP

features (bN@dcﬁWBﬁ@MP@)detéiﬁnhﬁgaﬁldeﬂhﬁt ammraﬁ@mpower saving

savi ng actions. [0055] 13, The method of enbodi nent 1
fypedion; %Sf’%éteidﬁ'?’é'%ﬁ]&? resmeetieeoMiPaeBE with conserving MP
battery

si gnal i nlt‘[;}fa Y%Og%)] §1%§lgh¥% %#0%3?31830&5@%%%@% %n&r(,ﬁ@ MP
batterepowehie neighiyoritg Mﬁ’sasﬂbbenﬁshdle\iwoﬂi conserV| ng MP

S S S S, Wy S i
alBicired Sfitle shrdivrg MR b%t@‘i}epﬂwélhﬁ deit BF N@Ydran(L2) or layer 3

assoc:| ated with conserving MP battery power is sent in
g0 a request fromthe centralized controller.

&?ﬁ 8] 1699 THg. MREARD Of GnBRP to0L vyﬁlﬁ'ﬁﬁi '%h& hﬁ)formatlon
I Nt o

rat i On associ ated with Conservi ng MP bat
apswirted witheounsénvimg Mibaiigy powehis indmudedin z ea:pablhty fieldina

coptroller on a ni c.basis. [0059] 17. The met hod
n6£‘é’?ﬂbaocﬁ?%°r?fltrf1mgﬁa%? ‘"l east one of the MPs is
[6@8H| i gur e2B.t A poRet affiidit heh héta@ule deyipsibagnel s but
conserves battery power by turning off at Ieas one

f r equency @ pawelity of balberynearered meshgrointsdyEty; ansd

"\I'/Ige met hogh) Qfce BRI EStrot MRS &nleRfing BASHatOAS Rfwelr B the

MPs, wherein the MPs signal information associated with conserving MP battery

1\

power and provide indications of battery power levels associated with the
respective MPs to the centralized controller, and the centralized controller
optimizes the configuration of the mesh network based on the signaling
information for conserving MP battery power and the battery power level
indications.

[0066] 24. The mesh network of embodiment 23 wherein the centralized
controller activates a power saving function in at least one of the MPs.

[0067] 25. The mesh network of embodiment 23 wherein the centralized
controller coordinates the MPs to operate in a power saving mode during
predetermined time periods.

[0068] 26. The mesh network of embodiment 23 wherein the centralized

controller commands unused MPs to activate a power saving function.

A11-



enter a doze state to conserve battery power in
accordance with the service period interval. [0061]

wa 06d9m34ret hod of enbodi ment 18 wherein the SEBCWUSHE06/008590
period interval is negotiated between the MP and the
centralized controller.[0062] 20. In a nesh network

[o'{)%' udi ”97.aTﬁL, gﬁ%hi detwdik bdhSsdimRares ea-tHBS boRpiidhs:

s), a netho or conserving the battery power of

t hcej MPs, atrhestnpertialdincwhishi thiersgntraliyed gentrolien isdngggorated
i ndi vi dual.l y.noni t.ori raffic f ' :

theBpe BOFp Beangts neBve Brovidee, vSs shHBMHedehR yits

(WTRTsS Weh BRI IaVigacNBond Bgtwoak fricofhetmesH\Vpertal.

determ ni ng whether to activate a po [
[0p@dIct i on28s Theimed n@\kwqut#é%m@wg{%z v,@ggrggggm( pgckbone

ndilS Vs &{e%%ln%g i nformati on associated with

conservi ng attery power to neighboring MPs in the
[0083h net ®8r Khe[10643hetbrk Fhembrediment 8 whersin thengenpplized

e EF gonfiap Pe ek PR RRE poEfi e p BT i it do

n&t KR! d POved LG fudtiod Betiveelod of enbodi ment 20

wherei n t he inf ti [ d wi j

e o e O TR o0 So5PC LS M U RIS (Pl
p(;re ?11 éﬁmu?ﬂé: BERTi0095 Welltivatadn !aeﬁtgﬁfd*ic b 896 3hci2éhatAhE MBcan
erficie mESh net wor conprising: (a) a plurality of
listeh tferyegiobercens tatshenuing wdhetivPshe centrplizeyl ceptroller desires to
cent

aljzed controll for conserving the battery
amfl} t‘i?ea W}ngﬁéi‘e! n the MPs signal information
[RFSPCi at e . Widmednsatimoribgfdmivdiment2pohereimmdeastont dfthe

i ndi cations of battery power |evel jated with
Mmlmedpa&pm@tlmsw@aﬁqgéﬂlélé?ﬂqsw;%@’i‘%%%E’P‘él\fl*ml,‘ togpgther

L%Ig]?x%ﬁ%%reﬁkhéﬁforﬁon”m | er optim zes the configuration
e nesh netwo

rk based on the signaling infornmation
[G0TH] cons eV iTige WBstvaetverk of embodiaraht 3ieviereinethe ipfwmation
s%g%\z/l?eld to the other MP indicates an intended power saving action.
[0075] 33. The mesh network of embodiment 31 wherein the information
signaled to the other MP includes MP doze/awake cycle timing information.
[0076] 34. The mesh network of embodiment 23 wherein the information
associated with conserving MP battery power includes at least one of a power
source, a power save capability, a power save need, power saving features
implemented by the MP and intended power saving actions.
[0077] 35. The mesh network of embodiment 23 wherein the information
associated with conserving MP battery power is sent by layer 2 (L2) or layer 3
(L3) signaling.
[0078] 36. The mesh network of embodiment 23 wherein the information

associated with conserving MP battery power is included in a capability field in a

medium access control (MAC) header.

-12-



i ndi cations. [0066] 24. The nesh network of enbodi nment
23 wherein the centralized controller activates a
w@owen9dad/i ng function in at | east one of the MPEUS2006/008590
[0067] 25. The mesh network of enbodi nent 23 wherein
the centralized controller coordinates the MPs to
[oTer at e i3'7(.]I al‘lm[)meﬁh febw ok offembodintent @ 3pyiedtetreths infidmation
time periqds. [0Q68 ...,The mesh, netwqrk of
agspstadechith %Wép@%l\#ﬁ?’ﬁ&te& ROYEY 15, %@t dBTEFRATISE Lo 2 request
f@m@m@ﬁé&m@&m activate a power saving
unction.|[0069] 27. The mesh network of enbodinment 23
[G08O1 her ESrpPliesinash netvwsklef gabpdimdnt 2stwlkdreithihe information
centralized controll hS.lncarporate [ ei
e P Rt ia S bRiel) Rt Jb Hph 2608 e MPs to the

céitafIsFud! doh ey 6n WperipdidMdis) with access to a
backbone network via the n}ash port al

[G48dh net vits KL sy meniBetiv ARl P ezvb%%%xeet?ﬁ‘%vggzo eég'aﬁgﬁ% of the
Mg Mohﬁ?ﬁretd%zo?@%\ﬂ% B twol @&Z@énc% Charihd s@ﬁ@oﬂ@%x?og% Battery

of enbodl ment erein the" centralized contro

powef by tmesng b atrdedst nne fiegkency chaningl tossavh datiign ppwer.

t hat ot have a [ sayin neti on
OfER | ot e o0 Dt Be et bR ottplls 24 Wbt henstomo of the
MHs sitef 8idozd SRtetd donsér®d batteey pewar inthctetidaheowithsthe service

deactivated on a periodic basis such that the MP can
Perigd épter ¥l nesh beacons to deternine whether the

raliz i . i .
[6\6@? £d 'Pl‘i’{%%% h&tw AR 8F &fBodif ﬁﬁ?@ Qﬂﬁfegllf?tﬂ\é%e}ﬁc@penod

routi ng path. ] 31. The meshene wor
imtebodiisengotidedhetrvwsen the NMBasd thaceniralizesd ¢gpdrallegnal s

i rmati ssoci at ed..wi t h conseryi ngVP bat {

[(i)(ig not het* VP EnPThE ﬁ@%\n}]@nﬁ e‘flﬁ%} RV O07 4 P@%‘.""?&r’%e"@ ?roevé@%ery-
pOREVEd HhefH paifiBO VB Tor 3dutihietratiic, bhéh MH eammtisiap:
signaled to the other MP indicates an. inte e& poweE1

savi ng ac@) grmonigerimg uny configured dpmopitep frath¢ flowing through

tREPQPL IR MB eI bR ety oW BEddeiAted with the respective MP;

and

(b) a power save controller, wherein the respective MP determines
whether to activate a power save function controlled by the power save controller
and signal information associated with conserving MP battery power to
neighboring MPs in the mesh network. .
[0085] 43. The MP of embodiment 42 wherein the information associated

with conserving MP battery power is sent by layer 2 (L2) or layer 3 (L3)
signaling.
[0086] 44. The MP of embodiment 42 wherein the information associated

with conserving MP battery power is included in a capability field in a medium

access control (MAC) header.
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signaled to the other MP includes MP doze/ awake cycle
timng information. [0076] 34. The nmesh network of

wepdvetdarent 23 wherein the information associ ap€dUSBEDE008590
conserving MP battery power includes at |east one of a
power source, a power save capability, a power save

[0687, POWEs, BAw ﬁ@v&eaﬂ‘iﬁ&ﬁ BN eRBRGA JJBf)lﬁﬁﬁtﬂ)/%f%%ery-

i nt ended power saving actions. [0077] 35.

PREETRS) Teesh Peipbdilhefer pontingdratts, Qawb MBflmlndtngcan mtegrated

t .conserving MP battery power is sent by
cﬁ?@%?l@&%ﬂ%éﬂgl ayer 3 (L3) signaling. [0078] 36. The

mesh n et vie) la mbnmm:m@lunﬁ eoni2gired 6o sionitoh eraiffié Hewitis thfough
|\/P bat t S .
T AT ——

aadntrol (MAC) header.[0079] 37. The mesh network of
enbodi nent . 23 wherein the informati on associated with
c onser vi rfB PO S @%Woatm@pr,uvgh@m therrespaspive MP detezmines

ohash at:ﬁ@ﬁ@etarkﬁmfe? @B\r/n%fdéx% ;8&&%51\%461)5;& e[pgg{gto lave controller

e mesh net wo
andf signal iinformesioni assediabéd fwith neeseiviigs NEPbbhttery power to

i t,he MPs.to th tral ed
B BbrhE AFEE I BB Btk s To0oa] | 36, - he mesh
[mmswar k of6. enioIll bEakbeBmMne 48ivhérkid ﬁféslhf&ﬁﬁatﬂ)fn $§§€c1ated

is configured to operate on two frequency channel
Wétbo GOnSCEHBE &é’s bpiterse Ppwen ik senly bydlesieng d52) ent layeast (L3)

giihgequency channel to save battery power. [0082]
% T%'e mesh network of enbodi nent 23 wherein at |east

[Q9188] of t M. NP Khofembodinmat dbatleerein drniatirve:tivat dssf)()iated
in.ac nce with.the. service period erva
“’F ‘é’é‘fela’ing SALERRER motahs bt dedipot Rkt dokbn & predium
abdess EAtYOIGBIAC hdder Nt erval is negoti ated between the
MP and the centralized controller. [0084] 42. In a

[909RE ef H48ilant mrsbnetatons ircluging] aphiralify of battery-powered
ngéhtp%&ﬂ@wsdamb S Ted MrsdonbQRidPBhE0S LEGLL IiRe MP

each MP conprisin
comprising:

a monitoring unit, the monitoring unit configured for monitoring the
power requirements and the remaining battery power of the MP; and

a power save controller, the power save controller configured for
triggering a power save mode if the power requirements exceed a predetermined
threshold.
[0091] 49. The MP of embodiment 48 wherein the predetermined threshold
is based on the remaining battery power.
[0092] 50. The MP of embodiment 48 wherein the power requirements
include at least one of radio environment, and traffic flowing through the MP.
[0093] 51. The MP of embodiment 48 wherein the monitoring unit is
further configured for storing the traffic history and anticipating near term

traffic flows.
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(a) a nonitoring unit configured to nonitor traffic

flowi ng through the respective MP and a | evel of
wh2aobe993power associated with the respective MI/US2V06/008590

(b) a power save controller, wherein the respective M

determ nes whether to activate a power save function
oot r ol | gd. Mhet @ EomBbodiaeat Ganvhaleie thapewsr geplirements

i nformati on associ ated wi t&icf nserving MP battery

insbwderthe anfisingerb reatgteRmstra Stesh network. [0085]
(g5 The gg. & CRRROGH SRBLdiften iR RhBreil) SribBEShEBI pdEr save

associ at W th conserving MP battery power 1S sent by
mody énclid¢d Aytifying ayighbgring M Ps ofjtld tmggerimpoebihesppwertiave

MP of enbodi ment 42 wherein the information associ ated
mpe conserving MP battery power is included in a

[003BRDI | | sy, TRl GIP rofaerbediniondC5®sshaefi rthe ¥MAGptifies the
header.[0087] 45. In a power efficient sh n((f,tvvork 3
neighbeting YRsrof bag trigappinge sap PR Sgue H%Oéggwpgl} ipga null-data

ting traffic, each MP including an integrated
Circuit (1C conprising: (a) a nonitoring unit )
[006fT | gur &6. tBiradViPtof pribodimiéng 48| vowireip thiepowgh saveecontroller is

E ?ﬁ ' I l~0f b -
: eq%hﬁ\éﬁgggsg%@?wgte,@?ﬁ\gg %t eﬁg%e%%@%%\é?gn\}g By &Ccie%tt&‘ ﬂsten
tEBdchRs.l er, wherein the respective MP determ nes

whet her to activate a power save functjo ntroll ed
(09981 he pdflerTheald efsmbadipent an W@F@Hé}ﬂe M densiivaes at the

[ | conserving MP battery power to
eﬁ%?gﬁﬁ%’?ﬁ%ﬁ%@. n the mesh network. [0088] 46. The IC

[@f99% mb odi F¥e rithe4d Pwif embidinidnd 4i8rv loeraiax therpowes szvexaoatroller is

fl\(l\lnlli_?égr o %18%1%1 E)g a?:{i)gz?t?é% ﬁ;%w\\éﬁ&f %maisb%ﬁlﬁgcy t]%%r%l%smit.

[0t NErk1tksugEclentirds antfdémBh st the geeiaait édvention are
described in the preferred embodiments in particular combinations, each feature
or element can be used alone without the other features and elements of the
preferred embodiments or in various combinations with or without other features

and elements of the present invention.

£ #* e
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wi th conserving MP battery power is included in a

capability field in a nedium access control (MAC)
waeeamd@o913f 0090] 48. In a nesh network incl udi ngC&US2006/008590

plurality of battery-powered nesh points (MPs), an MP

configured for conservi n%!r%ﬁMsery power, the M

conprising: a nonitoring Ft5~ the nonitoring unit

aptd guigdy {or monitoring the power requirements and

the renaining battery power of the MP, and a power

savel. confin @l mesh netveorbinednding\a phwalitsor] kattergrromguedemesh

f, ' ' de | .
voigls MR ExRel e o BB Ertihskbed BF BRURhing thpgptior
p(?vﬁer &Eﬁ%@é‘, tﬁ@‘ﬁf&dﬂhm&{nﬁﬁﬁsm@erei n tge Fr edet er ni ned
resno IS pased on e . renalnjn er 0
[ 0092) thegMPY RignRPng POIEHBBHPREROCIBHEPGOR TR E I Rdattery
pow &M thET ﬁ‘ag%%i e (?Il’eg lof gohedpef radio

envi ronment, tra 'owi ng through the MP. )
[ 0098} tHEIMPEpronRing indivabidhsrefhatia yweses levelhassociated with

noni torjn nit .is further confgur f oLl Ag the
oL D g B ar ST RIHEES sedf T RPAT

f 1 ovg) [1ROQ4krdiZed EoEtrbRe106r BiFRanitimiaingSthevdoafigirtidueof the

power requirenents include the anticipated near tf,rm
meshfratwork baged omdbs igygling jafopmagiondap sepseerps MP battery

' | ggﬁl Yetdisaysgnmode incl udes
pé@%%#%é’%%i g orie%é&%Ps 01§ tcﬁle§ triggering of the
power save node. [0096] 54. The MP of enbodi nent 53

wherein the MP.natifjes e nei ghbori.ng MPs of the

tri g%eri r;lg‘eo‘?lem? 068%&“ )tsgvgh%%enpor%/sm indi ng a

nul | (et Eeehnt@Bed E&ABdllerRotivdiitg Mpowkr eaxhinglfureehion &Bat least
wherein t he power save controller is further

openaf theMBe. t o activate the MP at a predeternined tine
in order to listen

3. The method of claim 1 further comprising:
(d) the centralized controller coordinating the MPs to operate in a power

saving mode during predetermined time periods.

4, The method of claim 1 wherein the centralized controller commands

unused MPs to activate a power saving function.

5. The method of claim 1 wherein the centralized controller resides in a

mesh portal connected to a backbone network.

6. The method of claim 5 wherein the backbone network is the

Internet.
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to beacons. [0098] 56. The MP of enbodi nent 55 wherein
the MP deactivates at the end of a service period.
wpQOBAPp9i3¥. The MP of enbodi nent 48 wherei n t heCp@ser6/008590
save controller is further configured for activating
the MP when the 0 tra sn1t
Al t Hough Thpmethed Eﬁrci%mhin 8’?‘@ eéﬂﬁ}g\‘f genda {71‘?@ ¢ %@gﬁ COI]’ﬁgureS
theMHEH hefv@kCodasakliRethd Autnber Bf BiEY 108 RMhettha® i Hower
in particu ar conbi nati ons, each feature or el enent
savang hectispdctvaied. wi t hout the ot her features and
el ements of the preferred enbodi nents or in various
conbi nations with or without other features and
el ergent s Thk nidtRo@bRALiNE 2 inheecinithe aivitdBpither saving function
clainmed is: 1. n cl udin r.al it
is deagiitated gu BWEP@’&%\%@ ﬁ%ﬁ?ﬁmg{l% L\;ngarﬁlﬁ% fgf‘&éﬁﬁ%
dect?ﬂ: Ln%l %Pétheﬁhmeﬂ%lfzga RSB Iripded a1 dbél@ésytoﬁl@wgh the
0 hod conprising: (a) the Ms
MR reatrdutipg peftbr mat i on associ ated with conservi ngMP
battery power to the centralized controller or to peer
MPs; (b) the MPs providing indications of battery

powey, | edBlesm@hsaof aladd Mdrmdrhempeisp@tive MPs to the
centralized controller or to pegr

cent(falatz least omer of the MPs\pgnaling ri‘qu ’tof‘?e  Gdsdclbed with
cdRBfi gng b ofy h& tIESRtEIWPrK tﬁ@%ﬁ%bcﬂéﬁlbﬁ{

si gnha tlon for conserving MP battery power
and the battery power |evel indications. 2. The nethod

B

Meadic28eaR intefi@edpowessavitigactdrhod of claim 1 further
conprising: (d) the centralized controller
coordinating the MPs to operate in a power

11. The method of claim 9 wherein the information signaled to the other

MP includes MP doze/awake cycle timing information.

12. The method of claim 1 wherein the information associated with
conserving MP battery power includes at least one of a power source, a power
save capability, a power save need, power saving features implemented by the

MP and intended power saving actions.

13. The method of claim 1 wherein the information associated with

conserving MP battery power is sent via layer 2 (L2) or layer 3 (L3) signaling.

14. The method of claim 1 wherein the information associated with

conserving MP battery power is included in a capability field in a medium access
control (MAC) header.
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savi ng node during predetermned tinme periods. 4. The

nmet hod of claim lwherein the centralized controller
w@eormamods4 unused MPs to activate a power savi NnBCT/US2006/008590

function. 5. The nethod of cl ai m 1vvherei n the

Conndf edt £ bR oh S PR B R asssiated with

cohsiriing MP®aeicdy b&kﬁexﬁ@ﬁlﬁiﬁﬁ@eﬂﬁh&‘@fd‘a ﬂeﬁu&:ﬁ?rom the centralized
Internet.7. The nethod of claim lwherein the

ceR'¥eHel- i zed controller configures the mesh network to
mnimze the nunber of MPs that do not have a power
saving function activated. 8. The nethod of claim?2

wher @6.n tHlee avthedivf dlapone IWIaniinn@xef infirind stk &ssociated with

oPREFLIREP eBlen? Ben bt B G tahin sratratied controler

onenparaddig pgkigontrol l er or a peer I\/P desires to assign

t he I\/Ptoaroutln ath. 9. The nmethod of claim1l
furt hér C %@plawhweasat least o of the MPs is configured

' QnsSer v MP .
ti%l?‘?‘é“ﬁéy&%tg*’md;‘?&%%@l‘gm@?ﬁ RENPLS el Dafi AT b tpming oft
aThestrené frequénayl chianmél twhsave battetyepéwéor mat i on si gnal ed

tothe other MP indicates an intended power saving
action. 11. The nethod of claim9 wherein the

i nf o18rat i THe Skgivdl ot Nehoteneht IMRsi G df@ﬁémfps enter a doze
doze/ awake cycl e timng information. 12. The neth od

stata tronsgrve athery mowien i peasrdanreasish d&hesemwnemod interval.
conserving MP battery power includes at | east one of a
power source, a power save capability, a power save
need]9.poviire seethed) of ebtinn @8 wingreinehé eeriive bbHod/Rniidal is

Rover.. s tions. .13 The thod of claim
nﬁg%ageti ?’ﬁ e qhﬁ%ir) r?gfﬁg‘ﬁ certrglized comtyglleR. conser vi ng
MP battery power is sent via layer 2 (L2) or layer 3
( L3) SI gnal i ng.

0. ~ In a mesh network including a plurality of battery-powered mesh
points (MPs), a method for conserving the battery power of the MPs, the method
comprising:

(a) each of the MPs individually monitoring traffic flowing through the
respective MP and a level of battery power associated with the respective MP;

(b) each of the MPs determining whether to activate a power saving
function associated with the respective MP; and

(c) the MP signaling information associated with conserving MP battery

power to neighboring MPs in the mesh network.

21. The method of claim 20 wherein the information associated with

conserving MP battery power is sent by layer 2 (L2) or layer 3 (L.3) signaling.
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14. The nmethod of claim 1l wherein the information
associ ated with conservingM battery power is included

w0 pooa/ogEpabi ity field in a nedium access contPOI/USNB&N)08590
header. 15. The nmethod of claim 1 wherein the

o St e aeheret cm"bd et iRy iffmebRh iR ARt Sith
con@OtAi M batity pbier iEhbiRde@in & taiabilltyviad ei Anidd@um access

I nformati on associated with conserving MP battery
combod KMIAC)deader.r om t he MPs to the centralized

controller on a periodic basis. 17. The nethod of

cl ai m 1wherein at | east one of the MPs is configured

t 003 at & powdrveififiertmesic yebhatrreinmsidmg: conserves

battery power by turning off at.|east frequency
chan(l"})afBL PE)‘H\QE‘SO%%/M??WFRP%SS\%P%EQPI#Héﬁ%%’r? of claim
Iwhepeh Reiralif@bton®R1e?forl fAsREnge Bhébatie &tdftthe MPs,
conserve battery power in accordance with the service

wherdindhe YBe \signal tigformeasioncasseeiatad witks eanegrvipg P pattery
t he senvice.perj | nte j i .

o8, T P 0 , B9 AR oBSBRR it e

réxpbarek MIC bl dhe gentrplivedlcontyrolddr, paidt Brey cpumelized eagtoller

points (MPs),_ a netho or conseryin he battery . .
opjamges ofhe genfigseatipp e‘(’:if eh&’aﬁsg’o ﬁ'ﬁW%r?‘n ?Seldg)oneﬁ'b% signaling
1&?1%&@%1 ighd 'cé{ﬁé@%ln?)/Mln Bhitefy Mewet affd €hd baweng power level

t hrough the respective MP and a |l evel of battery power
irsbedingt ed Wi th the respective MP; (b) each of the MPs

determ ning whether to activate a power saving

function associated with the respective MP; and (c)

the & siTHeamiesiy netarknaftdlaim 28 sdmreincdhewientralized controller

conserving MP battery, power to nei ri MPs in the
agikvaten adapiek saving fyngti de tOE’Ieg)?Eﬁ‘?M%ﬁer ein the

i nformati on associated with conservi ngMP battery power

is sent by layer 2 (L2) or | ager 3 (L3) signalijng.22.
The %t hdfheomesh aietwords ofirdaian B3 Frherpins hersentrghized controller

cS6r Prfa{tgst ﬁge Mflshco operate in a power saving mode during predetermined

time periods.

96. The mesh network of claim 23 wherein the centralized controller

commands unused MPs to activate a power saving function.

27. The mesh network of claim 23 further comprising:
a mesh portal in which the centralized controller is incorporated therein,
wherein the mesh network provides wireless transmit/receive units (WTRUSs)

with access to a backbone network via the mesh portal.

98. The mesh network of claim 27 wherein the backbone network is the

Internet.
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conserving MP battery power is included in a

capability field in a nedium access control (MAC)
whemdey13£3. A power efficient nmesh network con@F/USi0ng008590
(a) a plurality of battery-powered nesh points (MPs);

and (b) a centralized controller for conserving the
battery power of the MPs, wherein the MPs signa

i nf opAt | Phe RSEBGIAWEEL BF E1Rik %Sﬁﬁé/ﬂeﬂg tﬁ@c&ﬁﬁl@{eﬁ controller
power and provide indications of batter ower el's

ca%@%#eatth@i mgish metm@‘krtew@mwethwpmher DﬁMde:hat db hatdthve a
ﬁ%@%&@g&%.qhn & ofﬁﬁﬁtrallzed control ler optim zes

the confFPgurati e mesh network based on the
signaling informati on for conserving MP battery power

and the ter oywer .|l evel indications. 24. The nesh
net vvgpk gﬂ‘ P?%h?lﬁg"%%]fﬁéf%mt%e giein B acdivageshpewen seving
fasétiontis e adtivRBe bn $Ervaid w&&é é&'ﬁ t!hat tle Wﬁl 126n Rir Jmesh
the MPs.. 25. The nesh network claim2 ereint

beasAnsdp Aoteaminmwhethes the:@@tmlwad e(stlbll‘déerlﬂé&res:to@%!galthe MP
t5g1§u§ﬁ§%@g§av'ng node during predeterm ned tine

peri ods The nmesh network of claim 23 wherein the
centrallzed controller connands unused MPs to activate

gf th n L The nmesh network of claim
23 fift he G?Fﬁ W@r Hbmhgreinat jepstong of the MPs
sTg@Rld 1@&‘61'11%1&9{&%5&11'Jeﬁrwlﬂ§ cdrieRARL AD Qf]t&gi?o@s}erﬂ to another MP

wherein the nmesh network provides wre

in themesk nebeekve units (WIRUs) with access to a
backbone network via the nesh portal. 28. The nesh
network of claim 27 wherein the backbone network is

the 8ate rTlEH m2éh ndiworkes aif Buorkerein thedhforsatioh &idialed to
tthe ce ﬁ% cont Ilgr conflgures t he mesh network

R otheRME 1? S AlABERISH PRIBET $MAPE @6tiodt have a power
savi ng function activated.

33.  The mesh network of claim 31 wherein the information signaled to

the other MP includes MP doze/awake cycle timing information.

34.  The mesh network of claim 23 wherein the information associated
with conserving MP battery power includes at least one of a power source, a
power save capability, a power save need, power saving features implemented by

the MP and intended power saving actions.
35.  The mesh network of claim 23 wherein the information associated

with conserving MP battery power is sent by layer 2 (12) or layer 3 (L3)
signaling.
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30. The nesh network of claim 24 wherein the activated
power saving function is deactivated on a periodic
whawesdgach that the MP can |isten for nmesh beR€DNS2006/008590
t odet ermi ne whet her the centralized controller desires

t oassign e MP.to,a routin th. 31.. The nesh .
net vvc%' r|6k o?ﬂg F‘%ﬁ%nf’é""%‘%@:‘?}%hgg‘w L9in dhe infprmpgonpesociated
with eahserving MPVatiefy powecisahaddwd iha CoOPRTN ﬁngn medium
battery power toanother MP in the nmesh network. Bfl

apRess ppRiroh @Gy Readerc| ai m 31 wherein the information
signaled to the other MP indicates an intended power
saving action. 33. The nesh network of claim3lwherein

t he BWf or B¢ neshsiegwakeaf claint 2whehen tMPidfoehades addciated

e/ avake timng informtion. 34. The nesh
Vﬁﬁ%ﬁ%r??r%’f“g% Brter, pErest 15 SR P FESRIRSR 18R ARcEEh Rothe
cehtrblica@hsmimilleyg. MP battery power includes at | east one

of a power source, a power save capability, a power
save need, power saving features inplenmented by the MP

and hppte ' {4 35,. The. nesh .
ot virk of AP REREo R AR AR herell d iR mrspuigted
with Wonwls'mgvMRg bmgbapbwely Iisp eaﬁg férbﬁl ﬁlﬁﬂMIbéjh td ahe rceIEtra#ized

2),0r layer. 3. (L3) signaling.36. The nesh network o
ohpitb e Bt venke

i nformati on associated with

conserving MP battery power is included in a
capapility field in a_medi umaccess control (MAC

heade?. 3the mesh metworkeafglaim 33 vdicapim atdeastame of thhdIPs is
b AIERL OfLrafsRl ' LPSNE-RaLL er
BT GBS A Rt SRR KL bbb By power by
texmning affiat dehst one fislgency @Bnnhiy smweibabieiypokenf clai m

23 wherein the informati on associated wth conserving

MP battery power is sent fromthe MPs to the

cent 4@l i ZExb 066K &Rk ofdlafn RS WHRELIA 2B ASisPone of the MPs enter
a doze state to conserve battery power in accordance with the service period

interval.

41.  The mesh network of claim 40 wherein the service period interval is

negotiated between the MP and the centralized controller.

42.  In a power efficient mesh network, a plurality of battery-powered
mesh points (MPs) for routing traffic, each MP comprising:

(a) a monitoring unit configured to monitor traffic flowing through the
respective MP and a level of battery power associated with the respective MP;
and

(b) a power save controller, wherein the respective MP determines whether

to activate a power save function controlled by the power save controller and
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39. The nmesh network of claim 23 wherein at |east one

of the MPs is configured to operate on two frequency
w@eb@angd13s but conserves battery power by turnP@ryusiohe/008590

at | east one frequency channel to save battery power.

4 nesh _net wor k. of .claim 23 rein at |east one .

shibap R Rn Ao k) Sareo R eviiie MSeliara Bower Bryeichboring

By themacle aetledike With the service period interval.

41. The nmesh network of claim40 wherein the service

period interval is negotiated between the MP and the

centygliz t L.er. . a f{dcient . .

et ueck, oo PO, 4 Syt B Siloufioblo SRbARE with

conpre yinigdYIPrimgtery gowenis sent bgdayerNR(1e) op ldy@ir 391.3] siznaling.

nmonitoring unit configured to nonitor traffic flow ng

t hrough the respective MP and a | evel of battery power

~assogitat eThVMP éfhelaffSPrGiier8inVRie #@rblioR HARYWBLted with
save controller, wherein_ the respective MP determ nes

coprsrrige MB babtery nawerds inslededsingecapabidity Galddnmmedivedaccess

cOYrbNQIRCYBEaRRVE controller andsignal information
assocl ated wth conserving MP battery power

tonei ghboring MPs in the mesh network. 43. The M of
claim42 erein the.information assaociated wth
cons&rvi ng qvpo‘gng? lﬁ?nﬁ%ga’}%wg’élﬁta rglyr? Vé?fvl\gé‘“(elfﬂoﬂﬁred
niaafegoidts((VDs) ForaltingOirafit, eddeMPPirRiudihga® iﬁgegﬁ@ﬁaﬁ%iféuit
%Se i nformati on associated with conserving MP battery

(6o wemprisingic| uded in a capability field in a medium

acce 0l . efficient

rear et a o R opEREen of dnodi Pt Ho g riEh the
respiecitive MWPad hdevel afibatigry pewéd assoeiatdl WRhi thelrdshaetiva MP;
aingt egrated circuit (1C conprising: (a) a nonitoring

unit configured to nonitor traffic flow ng through the

r esp@g hips®eMshitdniroll&Y Shefdin B3 fe8hdetRe WBD d&esBH At ther
with the respective M
to activate a power save function controlled by the power save controller and
signal information associated with conserving MP battery power to neighboring

MPs in the mesh network.

46. The IC of claim 45 wherein the information associated with

conserving MP battery power is sent by layer 2 (L2) or layer 3 (L3) signaling.
47. The IC of claim 45 wherein the information associated with
conserving MP battery power is included in a capability field in a medium access

control (MAQ) header.

48.  In a mesh network including a plurality of battery-powered mesh

points (MPs), an MP configured for conserving battery power, the MP comprising:
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and (b) a power save controller, wherein the

respecti velMP determ nes whether to activate a power
w@awe/09usct i on controll ed by the power save coPtT/051006/008590

and signal information associated with conserving M

battery power to nei ghbor.in S L.n t nesh, net wor k.
46, arainb i e RSP OEH DRSS RO B e e pover

Te ﬁﬁ'@ﬁiegfse dnWithd ré‘nﬁﬁﬁﬁﬁ% bReN OB Tile MMEInd S sent by
ayer (L2) or la (

%:r L3) signaling. 47. The IC of .
cl aiarposBrwhee eintralies, thebowepsavesonigelern canBgugrder triggering

conservi ng NP bat t e [ Sl | ined threshold.
a Bepep p Frtg roy ey R et bR e p iy thresho
header. 48. In a nmesh network including a plurality of
battery-power ed sh points, (MPs), .an MP figured

f or @ons% il\ﬁg OB%I&A% ‘ﬁﬂ%@’rn, W%eﬁgemﬁo Bi .Oic?ls based
oTB fe%éiﬁﬁxgvlﬂitferytﬂ?a%eimni toring unit configuredfor
nonitoring the power requirenents and the renaining
battery power of the MP; and a power save controller,
the power,s ntr r ' A9 S6dihdhieast
poult s a et ot itk B v AR B eq B erhen BT i b eas
oY Qe sfvirthnidite ahd behffidBowitpethbvbugif thel MiPm 48

wherein the predeterm ned threshold is based on the
remai ni ng battery power. 50. TheMP of claim48 wherein

the povermyeap '@MBaks 486/MIgiAkhé GAshitORRg Alnit a8 further
environment, and traffic flow ng through the MP. 51.

cortfiuld foc strimigthedraffie historytand ansisinadingnpagerm trattic flows.
further configured for storing the traffic history and
anticipating near termtraffic flows. 52. The MP of
cl aizp.51 MheHE 6f diien powdiereinothier povent eqitiveinedts iehude the
anticipated near termtraffic flows. 53. The MP of
a@ﬁ&@ﬁ?@@%é?@ﬁ“ﬁ*%@ﬁi ng a power save node includes
notifying nei ghboring MPs of the triggering of the
power save node. 54. The MP of clajm53 wherein the M
not i 53.es FhreMPaif glatior4&ighevein @iggering a power save mode includes

notifying neighboring MPs of the triggering of the power save mode.

54. The MP of claim 53 wherein the MP notifies the neighboring MPs of

the triggering of the power save mode by sending a null-data frame.

55. The MP of claim 48 wherein the power save controller is further
configured to activate the MP at a predetermined time in order to listen to

beacons.

56. The MP of claim 55 wherein the MP deactivates at the end of a

service period.
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the triggering of the power save node by sending a

nul | -data frane. 55. The MP of claim48 wherein the
w@owen9dawve controller is further configured tPCT/US2006/008590

activate the MP at a predetermned tinme in order to

listen to beacons e WP of claimb55

VP 88act Poadls SBEIA RS Hiepn 458 EOYFE SR PR BEbLEY 1s Figher

ARNEIANIP WG, RRIP 1SAUeafERRb tAtdsalit.i S

COQF?gﬁgﬁkgg 'thredefor activating the MP when the M

has traffic to transmt.
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