TRANSM SSI ON CONTROL FOR W RELESS COVMUNI CATI ON
NETWORKS [ 0001] The present application clains
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60/ 778, 745, entitled "TRANSM SSI ON CONTROL FOR A MESH
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to the assignee hereof and incorporated herein by
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cont r of I ng transm ssions by the nodes such that good
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REWBALNUBRYs DEiReLaGgd, some or many of ‘the nodes may
not achieve thelir data requirements, and/or other

del eterious effects may occur. [0005] There is
therefore a need in the art for techniques to
bt ecBackgroupdnt rol transnissions in a mesh
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peias) itedahdéseiand trhfficafor asipe aloded inaths messérkn Temnddes of a mesh
Ilgt{)vo& rrrlnﬁag’rhben grtn\ll\%relf(ices capable of communicating with other devices. These
devices may be laptop computers, handheld devices, cellular phones, terminals, etc.
This flexibility allows a mesh network to be formed and expanded at low cost using
existing devices. A mesh network is also robust against node failures. If a given node
fails, then traffic may simply find another route and bypass the failed node.

[0004] A major challenge in operating a mesh network is controlling transmissions
by the nodes such that good performance may be achieved for all or as many nodes as
possible.  If transmission control is inadequate or ineffective, then the overall
performance of the mesh network may be degraded, some or many of the nodes may not
achieve their data requirements, and/or other deleterious effects may occur.

[0005] There is therefore a need in the art for techniques to effectively control

transmissions in a mesh network.



may be achi eved by ranking stations (or nesh points or
nodes) in the nmesh network. In one design, the rank of
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response frames or some other mechanism.

[0008] In yet another aspect, an access point may broadcast its current load
information in beacon frames to allow neighboring access points to determine channel
occupancy time by the access point. The access point may also make channel
measurements in idle periods when the access point is not sending or receiving traffic
and may estimate the channel occupancy time by neighboring access points based on
the channel measurements.

[0009] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a mesh communication network.



[0010] FIG 1 shows a nesh conmuni cati on
network.[0011] FIG 2 shows channel access and
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process and an apparatus, respectively, for setting
transm ssion paraneters in a Aesh network. [0013]
FIGS. 5 and 6 show a process and an apparat us,

IEREF oGl cRBbE i et M RONIRLRG BRI Scets”

pud2pn anEar atasel, 4 rsBeWer biocedsyand' & af@lr@iu) RiM@tively, for setting
channel occupancy tine, 0015] FIG 9 shows a bl oc
RHSHR DA IBLCESHIA Bi1B38E IRHVvaEkwi r el ess net wor k.

@ﬁ n‘ﬁJLEI% %S%HP T& %\Lv é@cgg:sl a%d %?31 é’f@tu? Jggniéatlvely for setting

ni caton netvvo s an
tragesssimhpaimates in afverded nb@vcﬁs. mesh points 120, 130

140. sh points 120 and 130 may forward traffic
Ea@ﬁ%t hdilOResh P it §'}0‘%h‘r‘l @Oﬁ%%%h%%. oy LPRABIUSr degpgglfvely, for
H&éﬁ}mﬁ %§nne,f«0&c%? dfcﬁﬁe point is a mesh point that

does no forward fic for another nmesh point. In
(P98} al ,Fleat khoreshblook diagramy obtevoestaticas irom warclcannewods s
point (AP). [0017] A station is a device that can
comuni cate with anot her station via a wreless

medi um The terms ) %11%2%) angea}ﬁ?ﬁjﬁghannel are

synonynous and are used I nterc rern

RI0ab) on FTey 1ah6@s Beneswcbﬁﬂlun&mdoﬂﬁytmlﬂﬂw ﬂlasﬁﬁﬁldei a number of
aII of the functionality of termnal, an ac

ederd wikich age ngBwier do g% @FiilbIPPmté 1@99»30@@9. 13feMesh LUE)ntS B0 and 130
g_;fﬁryea?@ 'Ergﬂ%'e Fﬁtef: rneAh ﬁgﬁ[sgg{%lgg%esf?g) g"é%/ @?:)de 8R leaf mesh points.
WI leafl mssh gem is e, ma;hq&mstahal dods got felrwaslsirdtiafidr e(nBE%) meah point.

m:grel ea;s rgdeg%]card a, cordl.ess g)hone etc. |i30018] An
qhgrag Statie P?lﬂfal?laiéﬁ?]aﬁ‘ia%l? AEhCEs PO (A
03] | PUt i @RionelsVh GRS @at REn WohBhBSSud e iy gh(ﬁtﬁér station via a

Stations associated wth that AP. An AP may al so be
waielessjrneéuqm mehe temns ‘Gvincless mecdoum ahnd ‘éqhamhzé” are synonymous and are

ctl o aI i t ase. stat | a e transceiyver
ey oroifad R, 80 e B i FRRE G B ome oral
6t e flhﬂbtibﬁﬁltg %A rﬁﬁhﬁmﬁﬁ‘loﬁ\ﬁ‘ addRsdtefmindl, a 'ﬂ%ﬂi‘le ReutBhH Sa ds@P equipment
and 130 ma e APs, and mesh poi nts 140 may be | eaf

(SH]2)3 |aowbscmb@r GﬁltA@g ANPELiap 0wy dieda 1ty eeiypwer, a cellular phone, a
ARG 341 5 e O S A s vt
fnodeme s, ebmkbdfsk pﬂ&&, etc.

[0018] An AP is a station that can provide access to distribution services via the
wireless medium for stations associated with that AP. An AP may also be called, and
may contain some or all of the functionality of, a base station, a base transceiver station
(BTS), a Node B, an evolved Node B (eNode B), etc. In the example shown in FIG. 1,
mesh points 120 and 130 may be APs, and mesh points 140 may be leaf stations and/or
APs. APs 120a and 120b may be connected directly to a backhaul network 110, which
may be a wired infrastructure acting as the backbone for mesh network 100.
Deployment and operating costs may be reduced by having only a subset of the APs
connected directly to backhaul network 110. APs 130 may communicate with one

another and/or with APs 120 in order to exchange traffic via backhaul network 110.

Leaf stations 140 may communicate with APs 120 and/or 130.



Depl oynent and operating costs may be reduced by
having only a subset of the APs connected directly to
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anot her and/or with APs 120 in order to exchange
traffic via backhaul network #10. Leaf stations 140
may conmmuni cate with APs 120 and/or 130. [0019] I n mesh
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[0022] A station may communicate with another station for one or more flows. A
flow may be a higher layer data stream (e.g., a TCP or UDP stream) that may be sent
via a link between two stations. A flow may carry any type of traffic such as voice,
video, packet data, etc. A flow may be for a particular traffic class and may have
certain requirements on data rate, latency or delay, etc. A flow may be periodic and
sent at regular interval or non-periodic and sent sporadically, e.g., whenever there is
data to send. For example, a flow for Voice-over-Internet Protocol (VolIP) may send a
data frame every 10 or 20 milliseconds (ms). A station may have one or more flows for

one or more traffic types with a given AP.



flow may be a higher |ayer data stream(e.g., a TCP or
UDP streanm) that may be sent via a |ink between two

wat@uilassst A flow may carry any type of traffiBCHUSINOAB6333S

voi ce, video, packet data, etc. A flow nay be for a
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A high rank value from equation (1) or (2) corresponds to a higher rank, which typically
implies higher required throughput, higher access priorities, etc., as discussed below.

[0026] In FIG. 1, wired APs 120a and 120b may have the highest rank of MaxRank,
MAPs 130a and 130b may have the next highest rank of MaxRank — 1, MAP 130c may
have the next highest rank of MaxRank — 2, and leaf stations or APs 140 may have ranks
of MaxRank — 2, MaxRank — 3, and MaxRank — 4. In general, the hierarchical structure
for a mesh network may have any number of layers, and the mesh points may have any
number of different ranks. Each mesh point may learn its route as well as the number of

mesh points to the nearest wired AP based on the routing algorithm.
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[0029] FIG. 2 shows channel access and transmission by a station with EDCA. The
station may have data to transmit at time T; and may sense the channel to determine
whether the channel is busy or idle. If the channel is idle for a period of time equal to
the AIFS value for that station, then the station may transmit data on the channel

starting at time T,, where T, —T, =2 AIFS. The station may be granted a TXOP of a

particular duration and may occupy the channel until time Ts, which is the end of the
TXOP duration.
[0030] The station may have more data to transmit at time T4 and may sense the

channel to determine whether the channel is busy or idle. In this example, the channel



starting at time T, where T2 - T1 > AIFS . The
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time than a station with a larger CW pip.

[0033] In another aspect, stations in a wireless network (e.g., a mesh network) may
be assigned different transmission parameter values to achieve the data requirements of
cach station. The data requirements of a given station may be given by a guaranteed
rate, QoS requirements, delay requirements, traffic load, etc. Different stations may
carry different amounts of traffic and/or have different QoS requirements. Appropriate
transmission parameter values may be assigned to each station to achieve the data
requirements of that station.

[0034] For the mesh network shown in FIG. 1 with few wired APs, a hicrarchical

architecture may be formed where traffic flows within the mesh network may be
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data requirenents of each station. The data
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waees. poi nt of |ower rank, such as MAP 130c.
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N assignin fansm s
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rate and the peak rate of and/ or de

furbtomadsigoad torh eledle palynt netherdepmdest mghe henoustof ttrafﬁc carried by
eterH1ne t he desired nunber of accesses per second,
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[003Mp M SEHcObcRAGRITEL £heshepllint thAle deRAhRAL tlfénnié’xﬂﬁiﬁw data rate
size. The TXOP duration assigned to a nmesh point

pRhigkebleriyethe repshineentarelaneer gink mash painiclet isdecatsd Ea er from its
H%ﬁgr IBRk Mesh point may have a lower data rate connection to the higher rank mesh

point. To ensure fairness for the forwarded flows, the TXOPs assigned to this lower
rank mesh point may take into account the data rate achievable by the mesh point so that
these flows may be appropriately served.

[0038] Other factors may also be considered in assigning transmission parameter
values to individual mesh points. For example, the reverse direction TXOP grants of a
higher rank mesh point may determine its traffic carrying capability, which may be
considered in assigning transmission parameter values to lower rank mesh points. The
transmission parameter values may be modified as flows and mesh points are added or

removed.



[0037] The location of a nesh point may determ ne the
maxi mum data rate achi evable by the nesh point. A
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0040% In | EEE 802, 1lle, an AP that supports QoS i
b deHiccarged dyrach of Abtse iyl nogsy mpysbadifsenth an one design, a
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messages may be carried in probe request and probe response frames, which may be

similar to those used in IEEE 802.11e. However, the probe response frames may be
extended to contain the transmission parameter values assigned to specific mesh points,
which may then set their transmission parameters to the values assigned by the higher
rank mesh point. Other signaling messages or management action frames may also be
defined to transport these transmission parameter values.

[0042] The transmission parameters may be set in various manners. For clarity,
several specific designs of setting the transmission parameters are described below.
These designs assume that priority is determined by rank, so that a higher ranking mesh

point has higher priority. The rank of a mesh point may be determined by the number
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priorities. For clarity, the setting of transm ssion

par ane fic category is described

be|oM/&§$@ §in€&E§&3e s’ may be repeated for each Eq (3)
supported traffic category [0044] In one design, nesh

%ﬁéﬂ%t SRS 61 BSRLNEL ATV kG dIRL AT IS dypased on

eir ran mes p0|nt Wit arger A val ue may
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i al si née rank nesh
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accessing the
AIFS[i]. For example, AIFS[i—1] may be given as AIFS[i—1]=17-AIFS[i], where

n 1s a scaling factor that is equal to or greater than one. Other functions may also be
used to obtain AIFS[i—1] from AIFS[i].

[0046] In one design, the same minimum and maximum contention window values
are used for all mesh points, and the TXOP durations are assigned based on the data
requirements of the mesh points. This design may allow some mesh points to have
higher throughput than others. However, this design may introduce longer delays if a
given mesh point is assigned a large TXOP and other mesh points need to wait till the

end of the TXOP in order to access the channel.
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may be given as: AIFS [i - 1] = AIFS[i] +d , Eq (3)

where AIFS [i] is the AIFS vallue for a mesh point of
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of It hewijjnber lwfersionadssf the randassesntaidn twiatded pkdich may be
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been R 3 [0048] A set of higher and | ower

bo‘@?d@\’@ﬁf thy gnet 8Suddobn T miiRlufH B REoR W InBw, which may be

determined based on the highest delay tolerance of a flow.

[0049] The minimum contention window of a flow may be set using equation (4)

and may be constrained to be within the lower bound CW.'! and the higher bound

CW." A flow with the highest delay tolerance may have its minimum contention

min

window set to CWI' . A flow with a smaller delay tolerance may have its minimum

min

contention window set lower than CW 1",

[0050] In one design, the TXOP duration is assigned to meet the traffic load carried
by each mesh point. The average delay for channel access by a given mesh point, as
given by the contention process, may be denoted as D. This average channel access
delay may be dependent on the AIFS value and the minimum and maximum contention

window values assigned to the mesh point. A TXOP limit, which is the largest TXOP



wi ndow may be defined as follows: 1. CWJ - a | ower
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collisions for transm ssion, and 2. CW1 - a higher
bound on the mi ni mum contenti®h w ndow, which may be
determ ned based on the highest delay tol erance of a
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specification (TSPEC) for the nesh point. This TXOP

limt may be giwen as: TXOPI mt =, Eq (5 where g is
a guargahn .application, and L is a frame Eq(6)
size for phgpﬁppﬁiqﬁligp. [ 0051] The guaranteed rate g

may be derivedofr n1T§ EC paraneters if they are known

or may be derived based on the peak and nean rate

requi renents of the application. Using token bucket
phegnéd represengsheclgy évpawgelédepraseémg Doy TA® @Y pRTesPstsdmgan rate, o
186 FeseEﬁ’ts %6gst \sq@ee 8 d ge%persgf?tg gtt‘rgr %?l. ai’(hekgg ﬁgr%mteférs may be given in the
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These paraneters may be given in_the TSPEC. o
[0052] The mesh point may have a cumulative flow that is composed of individual

flows having potentially different frame sizes and/or different guaranteed rates. In this
case, the frame sizes of the individual flows may be weighted based on the contributions
of these flows to obtain an average frame size L for the cumulative flow. The average

frame size L may be determined as follows:

ng L,
_ &
ng
P

L Eq (7)

where g 1s a guaranteed rate for flow k£ and Ly is a frame size for flow £.

[0053] The TXOP duration may thus be assigned to the mesh point based on the
amount of traffic and the QoS requirements of the mesh point. The TXOP limit may be
determined, e.g., as shown in equations (5) through (7). The TXOP duration may be
equal to the TXOP limit to ensure that the guaranteed rate g can be achieved with the

average channel access delay D and the frame size L. The TXOP duration may be



[0052] The nesh point may have a cunul ative flow that
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FIG 3 shows a design of a process 300 for setting

8 Fandtileast e wansanestay parameter for the at least one station of lower rank may
be set by the first station (block 316).

[0058] The rank of each station may be determined based on the number of hops
from that station to a designated station (e.g., a wired AP) in the mesh network. The
rank of each station may also be determined based on other factors, as noted above. The
at least one station may communicate directly with the first station and may be one rank
lower than the first station.

[0059] The at least one transmission parameter may comprise an AIFS, a minimum
contention window, a maximum contention window, a TXOP duration, or any
combination thereof. The first station may assign at least one transmission parameter
value to each station based on data requirements of that station and/or other factors, e.g.,

based on the rank of the station, the QoS requirements of the station, the amount of



in a mesh communi cati on network. The rank of a first
station in the mesh comuni cati on network may be
waledoenedsped (bl ock 312). At | east one station PET/US28T/063338
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[6E] acHiléyabl ok & héesignaof o, apearetns et0fi fercséttng transmission
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Yy send e a eas one ransm ssi par aneter val ue
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ot her mechanjsm . The first station may assjgn the sa

B2 gmednsy fontdeptifyingitdeisb Angsfrtivreeidpwehrank shanghe figst gtation in the
t t 1.0 esfAr S |0 .
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parsaristi@r pdranctehior dlic dtéast omeneatiinatfilower réhlt @nodatlé ¥E)y Modules
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at least station to set the at | edst one transm ssion

H962het dilG. drshole aadesignadta pmecss t5AP ifomnsetti@O@aisniys@n parameters

desi atus, 400 for settin

h f .
b & TRt EORMacanE 0P R SR R TR BAresh network At

RaitvsickrandRRaioat pasardiISr VA16d fFQS |ReSR ffsnAQIid pariBigr may be
the rank of a first station in the nesh conmuni cati on

protaned ko ceabdef @ laasppne watiar i dic vaelass ¢opmpnigatigneresyork (block
? @ S &tqre]as?fong ?%gm{sggg ptaﬁ%tér%h[ei for Leadit Qt%ﬁc?t{]n{ag be selected
based on the rank of the station, the QoS requirements of the station, the amount of
traffic carried by the station, the data rate achievable by the station, the reverse direction
grants to the at least one station, etc. The at least one transmission parameter value
assigned to each station may be sent to that station, e.g., via probe response frames,
access parameter update signaling messages, or other management action frames, or as
part of data frames, or via some other mechanism (block 514).

[0063] The at least one transmission parameter may comprise an AIFS indicative of
an idle channel sensing time. The station that is assigning the at least one transmission
parameter value may be associated with a first AIFS value. At least one AIFS value

that is larger than the first AIFS value may be assigned to the at least one station to give
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setting at | east one transm ssion paraneter for the at
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transm ssion paraneter val ue may be associated with a
farradk ofafheatyigasti@ne Alow. e s fagieun onteptpn avingpyy vplic may also be
%ﬁéﬁ@dfoﬁgm dhe,first AIFS value may be assigned to

e at | east one station to givethe at |east one
B0as] on Thevae icapt atzatbdnsimiggionf pasaoassinag comprihBEXO8] duration. The

&%Zﬂ’s(ﬁﬁl}g%qqgffqlrgm n %Soté]?r}l%pg ' ﬁ%q%)%ﬁiaé&gg%?{zﬁrmﬂan& Gecess delay,
gay %!ﬁlih‘éﬂleﬂ\ﬂ.s,ng&%rﬁw R, AcKBXILIU HALS Qﬁ‘tte,eﬁ‘\teirégé AAREME, etc., for
used to deternine a random backoff before accessing

thestatioan bl avoxagd friumamize Gort esiaticorwish nuidivple bwe nmeyybehdstermined
B b Sur BT B P e TR N ROBK BRI Fgu L6 spgpown in

tqiatiostAt i on. The mi ni num contention w ndow val ue may

be constrained to be within a | ower bound and a higher
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Wsghete boundt vay hesthidsimmpmatheter value for at least one transmission

parameter (e.g., AIFS, minimum contention window, maximum contention window,
TXOP duration, etc.) to cach of at least one station in the wireless communication
network (module 612), and means for sending the at least one transmission parameter
value to each of the at least one station (module 614). Modules 612 and 614 may
comprise processors, clectronics devices, hardware devices, electronics components,
logical circuits, memories, etc., or any combination thereof.

[0067] FIG. 7 shows a design of a process 700 for determining channel occupancy
time. Load information for an access point may be determined (block 712) and

broadcast in beacon frames (block 714). The load information may be indicative of an



based on the maxi num del ay requi renents of the at
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gaEpihat 'f%glcg]eﬁlgﬁfwaré 096 (des Fleﬁctr% Qog\@rngo&ﬁ?s' IR RhI ircuits,

process et erm ni ng channel occupancy fti
eadrics fear. ratanp tombinadon thexe$s poi nt may be deternlned

OB i Eelnn SRR SRR SDE Wi JULaTet 950 in a wirclss

aqtamanRLtgf nét%ﬁ( tefge RGERE TR REFIHPIRSMaPDe a wired AP 120,
channel. Channel ‘neasurenents may al so be obtained in
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[0g0r haneltatioR ! £ wamdsit ('bXP@eKa pietkssoll DE2 edRaRBElraffic data from
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Qo%{tl%'i]lgr%tlo@&sgrc §ﬁf cﬂéd?ﬂmg information from a scheduler 924. TX data

processor 912 processes (e.g., encodes, interleaves, modulates, and scrambles) the data
for each recipient station based on a rate selected for that station, processes control data
and scheduling information, and generates output chips. A transmitter (TMTR) 914
processes (e.g., converts to analog, amplifies, filters, and upconverts) the output chips
and generates a modulated signal, which is transmitted via an antenna 916 to the
recipient stations.

[0071] At station 950, an antenna 952 receives the modulated signal from station
900 and provides a received signal. A receiver (RCVR) 954 processes the received
signal and provides samples. A receive (RX) data processor 956 processes (e.g.,

descrambles, demodulates, deinterleaves, and decodes) the samples, provides decoded
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RSB LSRS0S SRR IR s
(FPGAs), processors, controllers, micro-controllers, microprocessors, electronic
devices, other electronic units designed to perform the functions described herein, a
computer, or a combination thereof.

[0075] For a firmware and/or software implementation, the techniques may be
implemented with instructions (e.g., procedures, functions, etc.) that perform the
functions described herein. The firmware and/or software instructions may be stored in
a memory (e.g., memory 922 or 962 in FIG. 9) and executed by a processor (e.g.,
processor 920 or 960). The memory may be implemented within the processor or

external to the processor. The firmware and/or software instructions may also be stored

in other processor-readable medium such as random access memory (RAM), read-only



froma data source 970 and control data from

control |l er/ processor 960. TX data processor 972
wpe@creses the traffic data and control data beSEUSIN7/@63338

rate selected for station 950 and generates out put

chips. A transnitter 974 procHsses the output chips

and generates a nodul ated signal, which is transmtted

via an 952. [0Q72] At statian 90 tenna 916
PeBePOLEONR M e TRIR ] alieS PRBror sy ROWD B stfmete read-
PE§ Sbhyro (PROMS), @ldcanally AerbedRi PRON 3G HPRONEFSEEASH memory,
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| de : - m L1 aft |
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sah¢d ml the aftpo ocks 90 usODB.didc03dR] Various modifications to the disclosure
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E&@flfnrr%} BE SHRIRCB R S aB 2P0 RN ut AECHRY fighS@e sEiIrléor scope of
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AT R L S
LRBRAE! fdRIrds diddlosel @bdep) 900 is a wired AP, then a
comuni cation (Com) unit 924 may support

conmuni cati on between station 900 and a backhau
networ k. [0074] The techni ques descri bed herein may be
i npl emented by various neans. For exanple, these
techni ques may be inplenented in hardware, firnmnare,
software, or a conbination thereof. For a hardware

i npl enentation, the processing units used to perform
the techni ques may be inplenented within one or nore
application specific integrated circuits (ASICs),

di gital signal processors (DSPs), digital signa
processi ng devi ces (DSPDs), programrmabl e |ogic devices
(PLDs), field programmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,

m croprocessors, electronic devices, other electronic
units designed to performthe functions described
herein, a conputer, or a conbination thereof. [0075]
For a firmvare and/ or software inplenmentation, the
techni ques may be inplenmented with instructions (e.g.,
procedures, functions, etc.) that performthe
functions descri bed herein. The firmnare and/ or
software instructions may be stored in a nenory (e.g.,
menory 922 or 962 in FIG 9) and executed by a
processor (e.g.,



processor 920 or 960). The nenory may be i npl enent ed
Wi thin the processor or external to the processor. The

w0 eomaeasel and/ or software instructions may al SBCDES2007/063338

stored in other processor-readabl e nmedi um such as
random access menory (RAM), rkhd-onlynenory (ROM),
non-vol atil e random access nenory (NVRAM ,
progranmmabl e read only neraﬂfék P , electrically
er asabl e PROM ( EEPROM), FLASHnEMbry, conpact disc
' optical data storage device, etc.

ﬁé&@gg‘%@#%’s description of the disclosure is
provi ded to enabl e any person skilled in the art to
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her ei g 188y ohe paRpisbecorifipuedderdewamimtd @AR ofatflt@Utation in a mesh
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e w dest scope consistent w e principles an
paaktct &atthir gtdeadi snd Osténh dfdoeemralcANNS WHAT |S CLAI MED
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conf i §UIcEWY 8015’2?‘&0&{%?1%‘[19@ GRkPIEFCS % i rst station in a
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mesh 2omuithe appaoatunef eleink |, wheteinghs ednkatf dadasthtigns determined
ransm ssi on paraneter for t at, | east. one,station q
bSO SRbenin Boferry HeodBfied ot dreiegried eugtoromy the mesh
B RGasR Mion metwdike apparatus of claim 11, wherein the
rank of each station is determ ned based on nunber of
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nmesh gonmupj ' k T r f ¢l ai
T ungr of nPr SRR hord D 2R R B Parameter
Caprides asleadt oheasiin aetradion aiteAfrlint Kpdcke PATFII € i@ contention
space (AIFS), a mninum contention w ndow, a maxi num
VHKIOBRtG SNSRI a MRS ANEs  dFnepisiopypiRRoytunity (TXOP)
&‘}-{MQ. duration. 4. The apparatus of claim1l, wherein
the at | east one processor is configured to assign at
| east one transm ssion paraneter value to each of the

at least o : : .
2. Hlﬁe apparatus of claim 1, wherein the at least one processor is
configured to assign at least one transmission parameter value to each of the at least one

station based on data requirements of the station.

5. The apparatus of claim 1, wherein the at least one processor is
configured to assign at least one transmission parameter value to each of the at least one
station, and to send the at least one transmission parameter value to each station via a

probe reSponsc mesSsage.

6. The apparatus of claim 1, wherein the at least one processor is
configured to autonomously set the at least one transmission parameter for the at least

one station.



station based on data requirenments of the station. 5.
The apparatus of claim1l, wherein the at |east one
w@e@caesor i s configured to assign at | east onBCT/US2007/063338

transm ssion paraneter value to each of the at | east

one station, and to send the &t |east one transnission
paraneter value to each station via a probe response
nessage. 6., The apparatus. .of clajml, wherein the at .
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with each of the at | east one station to set the at

| east one transm ssion paraneter for the station. 8.
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ke SftaRLa L S lenst ofrelfasmyssiongnEamagten) fahdie apfast one station.

station. 9. The apparatus of claim1l1, wherein the at

| east one station communicates directly with the first

st ati Bn andih¢ spemaus anilainowewhereantht helchitraie ssttimnicommunicates

0. appar.at us conpri si ng: | egst on rocessor
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mesh communi cation network, to identify at |east one
station of higher rank than the first station in the

mesh tGrmuAn@apirens Gempasike: t o sel ect one of the at

| east %t So‘}lg gll‘O%QSS L cohnI I{]l?erdt ! ao%?enIn? esae{an?.tof la%?ttséaQ{lo% in a mesh
transhi ssi on” paranet er r e Tirst station, an 0
t@iRuNRatddn he@stk, abedintENuiilsst onc RAtiaARI &lightalrbitk tHa@Nthe first
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value. 12. A neHQﬁd ﬁgggrising: determ ning a rank of

a fir&MCEO8Y FRIGhod RSt BAMRIRFESS®S on net wor k;
identifying at | east one station of |ower rank than

the first station in the nesh conmuni cati on network;
and 11. The apparatus of claim 10, wherein the at least one processor is

1%, and to receive

configured to perform channel access based on the at least one transmission parameter

value.

12. A method comprising:

determining a rank of a first station in a mesh communication network;

identifying at least one station of lower rank than the first station in the mesh
communication network; and

setting at least one transmission parameter for the at least one station of lower

rank.

13. The method of claim 12, wherein the setting the at least one transmission
parameter comprises
assigning at least one transmission parameter value to each of the at least one

station based on data requirements of the station.



setting at |east one transm ssion paraneter for the at
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transm ssi on paraneter conprises assigning at |east

one transmi ssion paraneter vatlue to each of the at
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t he nESinse MmdeiP@aningna Herkvfka fHpidstadeihdn faomaesht ganpgunication
ﬁ$8t one transm ssion paraneter for the at | east

one station of |ower rank. 15. The apparatus of claim

14, wheus for iduntifiganat feast aetddtiog dffiewat rankabdn thiefirst station in

transi ssi on. par anet er cogprlses nmeans for assigning
the mes §Pmﬁﬁ@“ﬁpgﬂ§ﬁﬁ@§$§ﬁ paramet er val ue to each of

the aﬁlehl%ai%} s&ﬂﬁg §{ ﬁﬁét%e %ﬁﬁﬁm%n %Qltaﬂle?é?qyﬂ fh%r{tﬂga?[ (Qfe station

the station. A processor-readabl e nedi um i ncl udi ng
phisweusinkons stored t hereon, conprising: instructions
for determning a rank of a first station in a nmesh
comuni cation network; instructions for identifying at

| east jone $h@bpparatef of Qe 14 3iterdiRane sl fof §dttisd Mela@Mbast one
in the mesh conmuni cation netmork and i nstructions

frmsnswmwgara@tet eysprisshe transm ssion paraneter for

the af eal?satso‘f a 51$n1 %{ eg%nt q%e tra%srmssm% paran:ll'e7ter \'Ioa‘lrl]ue to each of the at
appar atus’ co one process

Rastiong ufaioh bescd o8 c@fa RBuit@asits ¢Mie ktaadem ssi on
paranmeter value for at |east one transm ssion
parameter to each of at |east one station in a

wirel ggs cgl L GAQRanE! fﬁg&lﬁm m?&lﬁg SHERAuHREs Atored thereon,

| east one tr nsm ssi on paraneter va
comprising:

instructions for determining a rank of a first station in a mesh communication
network;

instructions for identifying at least one station of lower rank than the first station
in the mesh communication network; and

instructions for setting at least one transmission parameter for the at least one

station of lower rank.

17.  An apparatus comprising:

at least one processor configured to assign at least one transmission parameter
value for at least one transmission parameter to cach of at least one station in a wireless
communication network, and to send the at least one transmission parameter value to
cach of the at least one station; and

a memory coupled to the at least one processor.

18. The apparatus of claim 17, wherein the at least one processor is
configured to determine a rank of each station and to assign the at least one transmission

parameter value to each station based on the rank of the station.



each of the at |east one station; and a nmenory coupl ed
to the at | east one processor. 18. The apparatus of
wW@Lb@7m3BIL wherein the at | east one processor PGI/US2007/063338

configured to determne a rank of each station and to

assign the at |east one trans#i ssion paraneter val ue

to each station based on the rank of the station. 19.

The apparatus of claim 17, wherein the at |east one

processor is configured to assign the at |east one

transm.ssi Phc pppamrises \Ghlite 170 veRredin Sthat dtorrafiased mocessor is

quality of service (QS) requirenents of the station..

omfigpred tamesieathesat deast prg fsnpmissighepasactehgalug t eaghstation based
r [: I the at | east one

?@gﬁﬁﬁ?éﬁ%%ﬁc%gigﬁg?é¥g%gﬁggkﬁggégé ‘station based on

anount of traffic carried by the station. 21. The

apparatus of claim 17, whereip the at |east one .
proceZ@or FE@ GPRPIRgr 80 dMmaddi JHICEHR thE $telfatt gpg processor is

Eéﬁéﬁf@dst%'a‘gﬁﬁlﬁ’ HAMBLRT oY RrMRndiQid arfb@f {0 RASRH s@fion based
data rate achievable by the station. 22. The apparat us

of ambwaitrof raffiodverel by thestatipn] east one processor is
configured to assign the at |east one transm ssion
paraneter value to each station based on reverse

di rechion gr@ndppatatist b Biml @2StwIRRAEn Sthat 4tOkast28ne Hcessor is
apparatus of claim 17, wherein the at |east one '
eqrHizarddste aesig dicadtdeast orvitpsIEEstONapRIANGCt Yaue tnedchistation based
fr e ES)..Lndi.cati ve of an idle channe
g%%%?ﬁ%ggﬁﬁggﬁkﬂxh?ﬁégg%%aratus of claim 23, wherein

the at | east one processor is configured to assign the

at | east one station with at | east one AIFS val ue that )
i s | atger TharfPRaRiusspl Aa1Q V34 Fdcron thpeatalsastr AR Pregsssor is

. ‘ ¢ . ‘ art ‘
S LA O, B L BROOPLL i saon b
wh esversn dirbetioat grhiga st thomelchstans siassn.on par anet er

conprises a m ni num contenti on wi ndow used to

determ ne a random backoff before accessing a channel.

26. The appgs alpysrafls 6F Adn237, WiREEh ththg &lasd 88Sttransmission
one processor is configured to select a mninmm '
payammetst i compwiserd o arbitiatior ontee disimes spetc o\ IB8 s endioaiiva of an idle

channel sensing time.

24. The apparatus of claim 23, wherein the at least one processor is
configured to assign the at least one station with at least one AIFS value that is larger
than a first AIFS value for the apparatus to give the at least one station lower probability

of accessing a channel.

25. The apparatus of claim 17, wherein the at least one transmission
parameter comprises a minimum contention window used to determine a random

backoff before accessing a channel.

26. The apparatus of claim 25, wherein the at least one processor is
configured to select a minimum contention window value for each station based on a

guaranteed rate for at least one flow sent by the station.



guaranteed rate for at |east one flow sent by the
station.27. The apparatus of claim25, wherein the at

WO e@gtiozsne processor is configured to sel ect aPeI/DE200T063338

contention wi ndow val ue for each station based on

del ay requirements of at |eas?3 one flow sent by the

station. 28. The apparatus of claim25, wherein the at

| east one processor is configured to determ ne a | ower

bound and a hi gher bound for the m nimum contention

w ndonv f or TB@CdébpSﬂaﬂisi 6N clamd 250 wirt@Ettha 41 RakUBhe processor is

cont ention wi ndow val ue for each station to be within

ediguesdeto soheft i gifEMUBDL geRentfodr widews valbe dor. capd statipa based on
i east one

BAR7EhHEmBls B B o M Sl e ol Pk er "Bound

for the m ni mum contenti on w ndow for each station

based i mum del ay_r qU| rerre ts of at ast one
fI ow ent EE © taReaIEtust P%ﬁalena t & équéctheaat CAStQR§ Processor is

r%% ' t@'liei’@nﬂ%vﬁ Wlek BodRA an%@acﬁléﬁér%hﬁﬁ‘ £8:Qnd ﬁllllllﬁﬁl%l contentlon

or equal to the higher bound for the station.
Wheioavpﬁuraatlmstacbn cdngli ton REect ameinenumtdesteation @asdovo Nelue for each

roces fi ured to deternine a, lower bound for
S e S o R b Rer e oL e heaBlt | on b
on maxi rum t ol erabl e nunber of collisions for

transm ssions sent by the station, and to select a '
ni ni mZa?n coiﬁherﬂpmﬁatuﬂ/i nfj@\l@lmaaée vihsreie abh fsf,t @%tonn@ Proeessor is

g?qllfa ure %ﬂeteg'rﬁi e%ﬁ thlr&a Fountgie r ?tfe mlnuglgrn %eentlon \?/]ﬁldow for each

us o rern

bteast b@e& oRMALESIOT ddlsy eRufrt@uiitedf bolcag! @etflay BIMibyuht station,
contenti on wi ndow val ue for each of at | east one flow

%%to B ACHISMER GIBHEB AV IBACYY VAIUGHEF cpusiatiqrofo bhkess than or
%ﬁl%g%%dng dy\qhggﬁyyondel ay requirenents of the

ow, an X1 mum ay requirenents for the at | east
one flow 32. The apparatus of claim 17, vvherel n the

| east transm ss araneter .conpri
rTaXI m%@ ﬂg%rﬂpip?ﬁart% ﬂti(?% 'E'S g PFICEdR eHe eﬁ“r’rﬁ&? rRifgessor s
EATRRRIRCKREniReS 95 8erd5hBa SoP theBmiidiRCtondrtiod Reindow for cach

apparatus of claim17, wherein the at | east one
stpaors bdssd |oonnqa<amame110€rrald©nmmb@e@ qotlasmensi fos framsmissions sent by the

ortunit TXOR). duration. 34. The ar at f
RG50Sl St S Pl igre 5 BBEESHN Sefon t be cqual o
sogkhtatihes tHedowet Biindtrhethd ¥eRoslur at i on for each
station based on del ay requirenents of

31. The apparatus of claim 25, wherein the at least one processor is
configured to select a minimum contention window value for each of at least one flow
sent by each station based on a higher bound for the minimum contention window,
delay requirements of the flow, and maximum delay requirements for the at least one

flow.

32. The apparatus of claim 17, wherein the at least one transmission
parameter comprises a maximum contention window used to determine a maximum

random backoff before accessing a channel.



at | east one flow sent by the station. 35. The
apparatus of claim 33, wherein the at |east one

wpe@caeesor is configured to select the TXOP dur@Er/Us2w07/063338
for each station based on an average channel access
del ay, a guaranteed rate, and4n average frane size
for the station. 36. The apparatus of claim 35,
whereih the, at | east ope,processqr i.s configured tq .
deterfine the BOERRBeSE CAfa 47, SHeETE B8 ot R g pransmission
pathineRel eorhpWs taASAIdsioN oppoteingH I ERORY @tagen.of frame
sizes for the nultiple flows. 37. The apparatus of
claim 33, wherein the at | east one processor is
confi gured d I: 0 h -
rati o balid BERAE, b HaldZar SIER L 4t B gpc grocsssor is
Séhfighrate Bokdctctha TN QR daraties Sorgiatingtaddn baad onakely requirements of
transm ssi on parapeter value for at |east one
@Hﬁﬁ%ﬁ?%g?Wﬁm§3WéH§ﬁ%?m%o each of at |east one station
in a wreless communication network; and sending the
at | east one transm ssion paraneter value to each of
t he aB5.| eashe apparstuat PO laiB9 33.Théhenen htbd @f leabtabng IBocessor is

wher ei n t he assi gnj he.at .l east one transm ssion

AV il Do bR LS tor GARh 3R DARO LT ieee channel
LARQSIHIBS h QRaRAedTREE and 8h Herh & RARHsSE RritRNst@ased on

at | east one of a rank of the station, quality of

service (QoS) requirenments of the station, anmount of

traffic caryied by, the-statiqn, and. r.a -
achi eviol o By PREVEbLTT vdS: +BRITRE Aol grsqpggeessor s
vhiERidl fohktamsicgiht Agefape fidinel seRsfor @Reatioh avigmnaRipdd flows based
par anet er val ue cqnpri sesassigni ng at |east one of an

ap Bvereltsdny crage of firmg mizes fridee PAItPS) fl9%s.ue, a mi ni mum
contention w ndow val ue, a maxi num contenti on w ndow

val ue, and transm ssion opportunity (TXOP) duration to

each 37.ati Ohe apparaAs applaimt 33, edrepsin sthagat reestnend qrocessor is

Y PRI T A e LR

heaskiopne station in a wrel ess conmmuni cation network;
and

38. A method comprising:

assigning at least one transmission parameter value for at least one transmission
parameter to each of at least one station in a wireless communication network; and

sending the at least one transmission parameter value to each of the at least one

station.

39.  The method of claim 38, wherein the assigning the at least one
transmission parameter value comprises

assigning the at least one transmission parameter value to each station based on
at least one of a rank of the station, quality of service (QoS) requirements of the station,

amount of traffic carried by the station, and data rate achievable by the station.

40. The method of claim 38, wherein the assigning the at least one

transmission parameter value comprises



means for sending the at | east one transm ssion
paraneter value to each of the at |east one station.

wa2007/Thsonppar at us of claim4l, wherein the neRCEUSIINT/063338

assigning the at |east one transm ssion paraneter

val ue conprises nmeans for assigning the at |east one

transm ssi on paraneter val ue to each statlon based on

at | east one ati.on ual ity o

servi C&'{'Qsf rleea&b PP%rPefo s agtf“rf“ﬁ 396 T e En(IAIS?) value, a
hlidhduint coatehtiedl windbwe vsluat laoﬁlaxﬁﬂlﬁndaitﬂeﬂt@hewmdow value, and
achi evabl e by the station. 43. The apparatus of claim
fransnyprieneonpor ity ebRQP T dratiesiogaringfatioe at | east one
transm ssi on paraneter val ue conprises neans for

assigning at |l east one of an arbitration inter frane
space4(.Al F&h appdrags campiisingum cont enti on wi ndow val ue,

a nHX|nun1§Pntent|on wﬁndOM/value, and transm ssi o

oppor BgARY 0T EHSEBNE dhIeT O HRNsEURIPTS PARMEIST VAl far at least one
RERRGSSIH gﬁl%ﬁg%*i)l t6 Rl #Mti 18k Whle Natl St ¥GHikQRS communication

stored thereon, conprising: instructions for assigning
a¢twodashd one transm ssi on paraneter value for at |east

O et BRaRToR S BE B bk RS RSsCh afikeefe? Vg I each of the at

iAstondGiatighs for sending the at | east one transm ssion
par anet er value to each of the at |east one
station.45. The processor-readabl e medi um of claim 44,

wher ehf t h%héc' %gpaQa ué 8? Elrall'rlﬁ t41 |h§r% 2 rr'}?ean? e a551gn1ng the at least

i nstructions gning at east one

andirirsatidsh palﬂdrﬁeftelf‘fa&ﬁ@ccﬁlﬂﬁﬁes (AIFS) value, a mninmm
contenti on wi ndow val ue, a nmaxi num contenti on w ndow

val ueMeaikfor pHEMSEP @hi%ﬂwﬁﬁ@ﬁwwel‘m@ap@&m Vakue do cah station
GAGH of LRUdQ onAGF é!%k%?@ﬁ% Qttagg% g{&gﬁtﬁ,‘e ls%& cea{gdsﬁf}é(%ummems of

one processor cont I gure
thor stativnacowast pbimfficacaritd bprthadcash, alk ditaadte achievable by the
|nfornat|on in beacon frames, the load information

Haii9fy i ndicative of an amount of tinme the access point
occupi es a channel; and

43. The apparatus of claim 41, wherein the means for assigning the at least
one transmission parameter value comprises

means for assigning at least one of an arbitration inter frame space (AIFS) value,
a minimum contention window value, a maximum contention window value, and

transmission opportunity (TXOP) duration to each station.

44. A processor-readable medium including instructions stored thereon,
comprising:

instructions for assigning at least one transmission parameter value for at least
one transmission parameter to each of at least one station in a wireless communication
network; and

instructions for sending the at least one transmission parameter value to each of

the at least one station.



a menory coupled to the at | east one processor. 47.

The apparatus of claim46, wherein the at |east one
w@e@eaesor i s configured to obtain channel neaRCF/E/®NT/E63338

in idle periods when the access point is not sending

or receiving data, and to esti@mate channel occupancy

ti me by nei ghboring access points based on the channe

measupenents, 48. The apparatus of glai.m 47, erei
The:ato1 cadte oo dseR Thcthuft pBu MUl & REER' P, scoona
pRanaRh seeaswrieents to obtain a nore accurate

estimate of the channel occupancy tine by the

nei ghBsieiipna deteassigpimig it scasuane of apearhibgtien iier same space (AIFS)
98{1@&% i c%ﬁ{jenpgﬁ gﬁﬁaaow Qeﬁu(%,.%rmgﬂm% C?o%%en?@h%nd&l) Qalue, and
broddcasting the ['oad 1 nformat’ion 1 n beacon Tranes,
triesnligsach oppoetuniay (TXODedwrgtiom@i caali stagorof an anount of

time the access point occupies a channel. 50. The

met hod of claim49, further conprising: obtaining

channgé‘negﬁq@gggﬁ&%oﬁpﬁgg%e periods when the access

poi nt Is not nding or receiving data; and estinmating
channel least campamogessarnenbiguredi tghlstarinmy  wed es®rmpationt for an access
Boaifc’lte gln(? r‘go tb?oeadggs?ntﬂee lloa?%%our%lea%rqthsl'beacon frames, the load information
being indicative of an amount of time the access point occupies a channel; and

a memory coupled to the at least one processor.

47. The apparatus of claim 46, wherein the at least one processor is
configured to obtain channel measurements in idle periods when the access point is not
sending or receiving data, and to estimate channel occupancy time by neighboring

access points based on the channel measurements.

48. The apparatus of claim 47, wherein the at least one processor is
configured to filter the channel measurements to obtain a more accurate estimate of the

channel occupancy time by the neighboring access points.

49. A method comprising:
determining load information for an access point; and
broadcasting the load information in beacon frames, the load information being

indicative of an amount of time the access point occupies a channel.

50.  The method of claim 49, further comprising:

obtaining channel measurements in idle periods when the access point is not
sending or receiving data; and

estimating channel occupancy time by neighboring access points based on the

channel measurements.



