WO 2006/031834 PCT/US2005/032605 [0001] METHOD AND

APPARATUS FOR DETERMINING AND MANAGING CONGESTION IN

A WIRELESS COMMUNICATIONS SYSTEM [00021 FIELD OF THE i
WRAPESPHEIN [0003] The present invention is related to the A&I& BERIPAIZEE®

communications. More specifically, the present invention relates to

Wireless Local Area Network (WLAN) systems that use a Carrier S&rﬁa
[WiiMEﬂ@B%l@%%BﬁM@H&%@i&%@E%gﬁéﬂ% !
proviESHESTI GO Db fe ARG Y. i her
enhances network management by providing novel medium access
(gswatrol (MAC) measurenpgRSDIOWIFEIESBNOBENILAIBations. [0004]
BACKOROLND OF THEINVENTION 09051Wielgss comnUicaliotese
{% ms are WelPKROWn if the are. Genera y, such systems comprise
cenmminidtion MetiorpssifiieRxtrahsrpiesend faveniionirelates to Wireless

1Gemmunicaion sianagbeivesneach aiberuReReaingeURRASHEMYDRNE
system, communication stations téplcally are one of %\//0 types: base

AsesseivoBisionefrtdnase iR NEMTA LR PRPHEY SRSV RTIT RIS R BT

ddnitsn {0006] Fhe teemhase statigasasiisetddereithincutdmritas isnebork
limited to, a base station, Node B,.site controller, a o}'&g{; %%Qﬂ +
S e e G ORI L
wikelebsacnasstocativetwork with which the base station is associated.
[0007] The term WTRU as used herein includes, but is not limited to, a
user equipment, mobile station, fixed or mobile subscriber unit, pager, or
[8A04lother type of deBRERSIHBIENT? SPeraffg VA Niteéss environment.
MEERUs inojugderparsenahreraitlicationse vioes wiltasyphome shvidet.
hones, and Internet ready phones that have.network conngctions, o
BREBI AU TR E R TAT P CHAT p e HR I e
DRAs @R rolehoskcaonpoiers with gl dxswrioterachiodbeavdspanding
Ntk capabiitiess i Risdhataladieahieg! canameniiee aatdar.
Y8CAtGH are re erreyé to ds mobile units. Generically, base stations are
aipes\yTRgtations or wireless transmit/receive units (WTRUs), which include

mobile units.

[00086] The term base station as used herein includes, but is not limited
to, a base station, Node B, site controller, access point or other interfacing
device in & wireless environment that provides WTRUs with wireless access 1o
a network with which the base station is associated.

(0007} The term WTRU as used herein includes, but is not limited to, a
user equipment, mobile station, fixed or mobile subscriber unit, pager, or any
other type of device capable of operating in a wireless environment. WIRUs
include personal communication devices, such as phones, video phones, and
Internet ready phones that have network connections. In addition, WIRUg
include portable personal computing devices, such as PDAs and notebook
computers with wireless modems that have similar network capabilities.
WTRUSs that are portable or can otherwise change location are referred to as

mobile units. Generically, base stations are also WIRUs.
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-1 WO 2006/031834 PCT/1JS2005/032605 [0008] Typically, a network of
base stations is provided where each base station is capable of
conducting concurrent wireless communications with appr%%;{%g%

2006/93 : (45/032605
W(?ono’f[l)gfuré WTRUs. Some WTRUS are configured to conduct wiréless

communications directly between each other, i.e., without being relayed

h a network yia a base station. This is commonly called peer-
DR e B e AR AR B B PR A C g psegach bese
strhinunicatpablt ofhenMiERbs Homayritsalf birdesfigurechasieattbns with
tﬂqﬁ]{! A% %&% Sl j fRUgcan .fﬁ&figure for use in multiple
ne wogrks wiﬁlp%o_t nggwor. a{njgl pe%éﬁ%-%eeer cgn?ﬁ?un?ggi#gﬁgfp o cag&ud
BApRIBTt csTpOTmN At AastypEcst iitbEseny wach, eliiet] A virstédwtdchping

2603, € BNAFK VY b o FRR-BECRITIOWRSHED CORAUG! WHRIRSSy called peer-
ommunications with WTRUs equipped with WLAN modems that are also

BREES ORI S B PR B muntEatishsawith Shmilary Egbippagd o
Wil @ty refifly WA ARTRUdema agriesbEibg otdtrated imtanddmyction as
Yadiional gammyaicalng. and car, g—%{gg B e T B ACHA R RS

a) 8 nte works with
example, cellular phones, person fal assistants, and laptop

a
berhpLBretiransehegrHgiperr s oRE BRisRSenpAaRa hiddsms. [0010] A

peondar localeaRetuark-erRvl apeasat withene.ardmere AN Pastyork

stations, typically called access points (APS), is built according to_the

2548 PN T Sicth R FOR AR aRaRipE SRDmYReRtS aAtR SRS
dodiypels SHIGWIVIDARNG rdodsrhasedipran fisphidstiute, wheietn pber-to-peer
system.is._subdivided intq cells. Each rises a Basic¢,Seryice Set
B L e A R R S e
ARSrPYAERWSewtith dntogerennliiraditined tcoasstaicningS TAS) dmtpeting
crpiex! ofSAZAdiMRIRmS. _%wmﬂ@m&ﬁ%\g&emmﬁpm};ﬁ%ﬁ%&ﬂ
conducted in accordance with the IEEE 802.11 standard that defines the
ARSiSteRtRBe Rt AR SRIPEISE S 3¢ Brids Wi withvere. paomera WLAN
wirgless.LAN (WLAN) may be formed by a single BSS, with a single AP,

'TB‘%%? a por'Egl ItJ%pau ei%trlig)c%tliogrggs;l%@w ?ks)élﬂv%y(\)/g;\tlzgﬁt with one or more
WLAN base stations, typically called access points (APs), is built according to
the IEEX 802.11 family of standards. An example 802.11 Local Area Network
{LAN), as shown in Fig. 1, is based on an architecture, wherein the system is
subdivided into cells. Each cell comprises a Basic Service Set (BSS), which
comprises at least one AP for communicating with one or more WIT'RUs which
are generally referred fo as stations (8TAs) in the context of 802.11 systems.
Communication between an AP and STAs is conducted in accordance with the
IEEE 802.11 standard that defines the air interface between a wireless STA
and a wired network.

(0011} A wireless LAN (WLAN) may be formed by a single BSS, with a
single AP, having a portal to a distribution system (DS). However,
installations are typically composed of several cells, and APs are connected

through a backbone, referred to as a DS,

9.



installations are typically composed of several cells, and APs are
connected through a backbone, referred to as a DS. -2 WO 2006/031834
PCfi/US2005/032605 [0012] A mobile ad-hoc network (MANET) is also.
W4 r‘nﬂmsﬁfgure 1. A MANTET is a self-configuring network of Mg =2
routers (and associated hosts) connected by wireless links-the union of

which form an arbitrary topology._ The routers are free to move, randgml
[09A& organifeBeBHsa Egcﬁﬁiiﬁ’&ﬁﬁ/gw'mé%%]ﬁﬁﬂ%%Fé’le%ﬁ%%grogxy
MAESEChRNY Sclpisifianthy edittals ya obile Rarteiwand mayptrd isoktsh

standa efasr%'}gn, rmay,. econneﬁedﬁ[o tr}e Iar%lelrélwt%rx%%t. (()JO% An
RSB AT WEANP AT E TS AirErent caNs. thaif respective APS
ThaddheRSys SeentasasingledELF 802 dicantveorkamitiseyafdyrBntoras

t}%% Et)fltg_ ré&%%\g()%ﬁsv'&%é%&ts( E}%ﬁ)/}%ﬁgl%ﬂ O bl D EIWRK SR IGAYe4ieEaBly.

frier-Sense Multiple Access / Collision Avoidance (CSMAICA) protacol
Suskexchehge iR Aot iife|a SURSeliRe FreBIas THIreT A9 SHRRERAFN

tﬁ@fm%g% thissframework, STAs desiring to transmit must contend for
access to the wireless medi cantentjon mechanism involves ., .
[Wating for ’rﬁ@&ﬁ?ﬁ?f’cgg?gm%%é 515%1 et r}%nﬁf)e?al%kgrg ?rﬁ:g S, their
ré@,;ﬁ@ﬁ;ﬁqlhjgm asetbé Dﬂes‘mpsrem:_ni&seqj Spghe IRENIEA2) Befetavork and is
ansmiting a.data pockes The. Uneiidakomprads pacaesaihechange
Ahd transmit Its packet increases as the number of stations and data
ureltfi€ merenSensTnddrliohcresuchclispaidmoidinee (UPIREHANBTRIEY
+193R-86eesS AR Mes WRILcHBSHIRtaleRalle due ST BTatie SEIONS
competing for the same medium. [0014], Du%to the na.tture oftthe nd for
DESIHTECI pHBtD SORAREEEN NG B AR SERS 478 NS
aebed ,f,it iﬁ_ﬂwii&wéﬁ @&d@xﬂe’ﬁr@nﬁmﬂt@nammﬁsimmaé@ng for
tﬁépeé'c?{&%”i??%%%%[“%‘i@ "E%%tsf@é&fuﬂ% §>%Qﬂ%f55@a&h BUEDAMEDRIE%: of
system IS not & simple task, as one choice ot metrics could indicate

redry pstomipedl dnibehetamdarid wiforst fropssyitie fideerracksht cahe
g sedtadndicatecongastion iends: callisionsrata:channs] widligatians
tl}.xg.’rtgggg;eotfhﬁati? gng]eaczif{gnglalt?;ablil?gfﬁ%t%hcreases, Congestion in such a
system can occur when the time to gain access to the medium becomes
intolerable due to too many stations competing for the same medium.

(0014} Due to the nature of the CSMA/CA protocol, and considering that
most transmissions are best effort, it is quite difficult to determine when a
system is classified as experiencing congestion. Determining congestion in
such an complex system is not a simple task, as one choice of metries could
indicate congestion while another metric will not.

[0015] Several metrics that can be used to indicate congestion include:
collision rate, channel utilization, i.e., the time that the medium is busy, ete.
However, these metrics, taken individually do not necessarily give a true
picture of the congestion. For example, the channel utilization metric does not
give an accurate picture of the congestion situation. One station can be alone

on a channel and transmitting all the time. In this case the chanmel
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However, these metrics, taken individually do not necessarily give a true

picture of the congestion. For example, the channel utilization metric does

not give an accurate picture of the congestion situation. One station can

be alone on a channel and transmitting all the time. In this case the

.channel -3 utilization metric would be high. It may seem like the system
utilgating mtBe wapkbhe &fgéuapraﬁfnﬁe%mﬁwo%etﬁaﬁmr&%m@ dtatiapable of
supfonieyenyihaonew: fatformnehertaacesss chevehafiagleit eatlshstire to access

experienc throu Vi f th CA._mechapis
L e e e SR R iavca

meghanisi.igirifactesngeseddvhen pereualiy shiseddutopetalisriavo stations. A
systantendingfestbesaanaeahannalat:ngivee: tNaARd LXRRERNEING SBNCEBne

delays due.to the lon er time each station Ic,to ait for caess to the
channel’at a given Vme exHerlencm rsevere delavs du omr%g{ time each
medium, &s well as the higher number of collisions. fO n another

statei bat, tehend fotnvesitly Himitedivatwork el anaemgnt fundiondligl)isions.
[ocRafticularlydn systems.cpeepliantwith theERE 8Qild andRE BlRabdkent

standards. The inventors have recognized that there are certain limitations

fun el s RS B B IRE1 SRR G RS e ey P Byt Y2 11K

sta.t}derdmn@)et dﬂmmmrldmmr}aq@rmem, Thereisalse aceged foindmtions to the
usdREAYEH MEihed Al Ak IRYRAREeL BRI MRNBISMEN AR of petwork

considering the limitations of using channe ogg% measurements. This
mappEEBtinvaRTolt BISViIBESE HRBACABIMaNTD MR FHiNagerrBIY M BRistarptwork
mavatieitetlkid G0RiddriandiE BBl df standaraimirtheneotextQiirements.
Thf/RE0E! IR NIRRT UMM AR SRR AR ABCPIAANGS e
with a first aspectof the present mvenﬂon,fheregls provided a method for
80%dé s EECHES IgbistapapyistHethsegitertohibesieg 1 qpeies ailvgradervice
load indicator, the service load indicator including a plurality of octets,

h octet corresponding to a ﬂ%%ﬁ ategory (AC), wherein a value of
[0032 h octet indicates one of: ags ale t%éresentation of an average access

[0HERy for tHe somebpondiil catsyamnysdhal the seevice forcthecahespeondingled

a rRAGEESSAIROGHY.IS dnavaliahler o thakan-avsiageanchss Aalavdar & vice
corresponding category is not available; and advertising the service load

[ ] 19 ‘
loagh ditaiYo WirefSES trattathithdicaite M e TR DL Hithin a Siticsadhgstet
cooédhendiFg tf0Q1 7k acegrdanse withcackesontiaspeatiobthe presant one of:

a SSYENHOR NRLAIR AraYided.a0 ACESTRRNLAR) CRMBSIFIRN A RQEESSOL: «
configured to generate a service
service 1or the corresponding access category is unavailable; or that an average access

delay for the corresponding category is not available; and advertising the service load
indicator to wireless transmit/receive units (WTRUSs) within a service range of the AP.

[0017b] In accordance with a second aspect of the present invention, there is
provided an access point (AP) comprising: a processor configured to generaie a service
load indicator, the service load indicator including a plurality of octets, each octet
corresponding to an access category (AC)., wherein a value of each octet indicates one of:

a scaled representation of an average access delay for the corresponding category; that a



load indicator, the service load indicator including a plurality of octets,

each octet corresponding to an access category (AC), wherein a value of

each octet indicates one of: a scaled representation of an average access

delay for the corresponding category; that a 4 service for the

corresponding access category is unavailable; gr that an average access
Sery&talPidPtheP BRI CARUE) s MoTAVAHIAIE; Anda FARRIRREaccess
‘delgprifiguite ddaregalvetiigedherpeyvicado ad dnaitatanto ANERIdstwithimé gured to
aa RV 300R. O1dhe RIS PRSI S MDAl Aspekor the

&
present invention, there is_provided a method for use in"a wireless _
{00t Afis mit/relde A UHRIEATRE), AhB e BBEFt cOMPitSIAT SFEE SRR Qs iiER is
prde@edindigatesdther sewviee oadrineicatanineltdiag a pluraltyRUgCHats method
each octet corresponding tq an acr?es_s ;:%eegory gAC? vgher in.a value ,of
COMPrisIing: receiving 'a service load Imdicator S ce (}& mdicator mclidimg a
ERH Getetindicatés one of: & scafe represen?a\flon of an average acces

plugtditiy Fopaises, corFespoheiny tuteboeyiotharerservitedfor tht(dorréspondirguc

of @é‘c%eé“é&@%ﬁ%%i%n@ Qﬁ?{@il@@@d %;ﬁ'%@ér@ﬁi@iﬁ?ﬁ&? AREESS felay Ji@fashﬁ)r the
corre{;,é)ondm categoyy is not availgble; and select(ér?jg an access point
' |

COTRBUithEWHIER 6 cohidhict a ke st cIMmMTESRH B Gis tnateeory 1s
unseridblloadtindicatev 0@t 7d]cesadetrd dncelhwithoar foprthimspestefithes not
avRISRENLIDVeRioR, there iéchEQVEﬁ‘Qt WHLIGSE rARRIUSCRINGENE wireless
(WTRU) configured to receive channel management information the
CORAYRIGAESIPHEMER HFetENET RaRARliFatPTo receive a service load
[ognhdi¢ator, the s@m@idazl:@:advmdisammmchstﬁéng afpiheaﬁty@ﬁoete’anmchhere is
prRFIEL GorrgRRond @%}&%ﬁﬂ&%‘e&?%ﬁﬁt%ﬁ@%?w@g%@ 3value; ol eatfine

octet |nd|c_ates one of: a sca repres_e_ntatl an-average access
magagsiest thEoEnréshondiny IdHte GoRPTREELR SSEpiitEcfoFtRELBREESPORERHG &
serafigEsaCHAEANY, IhbRaNadahied aidhabamaveiage pREERS CERILIOIIRE octet

corresponding category is not available; and a processar configuredto
o AL B LA AN 1 chS S L A0 Tl Sonc of
a scomtimemication Gasédro thiegssarvice doar indidatorr (G008 Embidinmentat a

ser@fdhePigseRi-nyRRlAN Rrovde a06thad fan dstasmininehand aduadisingess
estion in a wireless local area netvyo@( (WLFAN) system. -If-l?

Cco y e
Aol TS B RN BB T ERRIGH HISB prdfVider S HrStROEB A Ay i
an cengastiomt WhEn edhgesiidntis datéoted. Eirtbodimentsuoidiigpresedt on the
sel¥ention may,apply to wireless systems that use CSMA/CA. Preferably,

several metrics may be used to i _ ) o
[0018] Embodinients of the present invention provide a method for determining

and advertising congestion in a wireless local area network (WLAN) system. The
embodiments of the present invention also provide a method for managing congestion
when congestion is detected. Embodiments of the present invention may apply io
wireless systems that use CSMA/CA. Preferably, several metrics may be used to
determine congestion including: average duration of backoff procedure, in-Basic Service
Set (in-BSS) deferral rate, out-of-BSS deferral rate, number of associated stations, mean
WTRU channel utilization, and average buffer Medium Access Control (MAC)
occupancy. Actions taken to relieve congestion may preferably include; sorting the set of

WTRUs 1n order of most wasted time
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determine congestion including: average duration of backoff procedure,
in-Basic Service Set (in-BSS) deferral rate, out-of-BSS deferral rate,
number of associated stations, mean WTRU channel utilization, and
average buffer Medium Access Control (MAC) occupancy. Actions taken
to relieve congestion may preferably include; sorting the set of WTRUSs in

sPept it %a@%t%ﬁmeggegﬁé}ﬁcmﬁti%ﬁ%ﬁgﬁﬁm, and disassociating each
watknowledgadéiunaitkhovdeggedpaakitsecand disassociating each WTRU

[oogﬁ'f at a timg Nk %SCSP%%SQ&%@%% "SUENE, LB%&%lMQ%W’T@%%QE Heihod

resent invention also p_rowd an improve method of networ
of peEMAleRfeALEPERichiarisiATthdrcHIsteR RNt dEEEBOYA 1 lapiy! TEEE
80ABHE BRZkbky praterablynthrasgh thedssef e (R RewdAarements. More
measurements. More specifically, the two (2) ne surements.may ..
oSS R v RS s oAb Ancth AGLLG Epoading
megARyraenviced ondingpaéastireblie ier f0B20EnsbveHAIEHTS T the invention

[ooRpjude considerations afimanagement intarmation faseiMiBlf management

. representation of the transmit.queue size that provides.a ntz]w measure of
infoHRAEPA BASA<Tt TOAEPHT YA HH Untir S it ThEd rSff GBHRIRY SFhé new
meesnodinientSTTarthersingluds! congidesatiomssofvetl Boneprsls entétioteofatite The

emBISRMSRI0RY ERATRrOVIdRs. 2 PeWIPSARWE RLINE A SPIHICR Poa D6

used to assist STAs with handoff decisions. Implementation of these i
thatepRRIFES TArNBY ARcadtRAYe BF it Ay dirielo88rileliehitsbrin 2fHiY TAs with
hargiietaiisapplicaplenforaxamplade |ayarcd and Zas appliegetor an AEEBher

802.11k.compliant system, in the. context of arth | frequen ivisian.
o e R e A
an 260d) 8¢stbhiscompliBieryfitaeMbEEiay hal e yerrsr appieanility tysion
mudtRRLSEENOHDS B SaMEL olROZ L] sThe MeiBRIS-RESs adNANBERAUSHO00) systems.
HamRiemented in selectively configured, WIRS ofwarlous forms. [0922] A

Hore detaiEa N S ARG 5 thERRVERHSH may be sS4 HOM the ™
[0Gllbwing déberiptidwdsf the preferrgebeshboudirertsiediversdyoivesiofonfigured
wexanple and,iahg sunderstood in conjunction with the accompanying

drawings. [0023] BRIEF DESCRIPTION OF THE FIGURES [0024] Figure

[0023d an ovefviBtraidgiiifcoralerrutine il 1EEESE% 98 WEARS Rifntgirhe
folboriegpendipgcompenent&red embodiments, given by way of exampie and to be

understood in conjunction with the accompanying drawings.

[0023] BRIEF DESCRIPTION OF THE FIGURES
[0024] Figure 1 is an overview diagram of a conventional IEEE802.11 WLANs

with their corresponding components.



5 WO 2006/031834 PCT/LTS2005/032605 [0025] Figures 2-9 are flow

diagrams illustrating the techniques of the present invention for

determining and managing congestion in wireless communications

W%Q%‘H%ﬁﬁore particularly: [0026] Figures 2 and 2A togetth E/r{ég%)ﬁ?maszms

method for determining congestion using deferral rate (DR) and packet
rror.rate (RER) mejrics and disassociating WTRUs based on.

kA A T L e e

paskets 06T kidure B presinte aanéthoarfegimanagizmgioad shedtirigss

%ﬁ%ﬁi@g@ﬁ{&%@,oﬂ/ﬁ)&?ﬁ&%m% jertised loads of neighboring

nodes. [0028] Figure 4 presents a method for providing an advertised

62¢Plo WTRISEBase PBR Aferigetienpiseanben Byjhekefor diprgining
headeba ey adRE-HRAS i@?i@?a%@'@ﬁ_g&%@@%oﬁop%%lt@ﬂmeé&rﬁﬁﬂﬁd
presentam for respegtively providing a transmit queue size
%’%@ﬁc tt‘r‘ﬁén?i‘%?ﬁ-%é@ tlg?%r(??it %eﬁgtgfﬁ%@gs% Etfertigme o
transmiit' tpisessite(GTQSviedeei hhding nodes. [0030] Figure 8
nts a | b fo, naging a channel ed
o b eyl S o baei Bateh RIS, FA AT o

PR Ahecleadei sarpdearaii adseniised dopdnofnvishRUEngOOBIEs Figure

Poresents appathod sropipyed by-WIRKS (aoselaaing aRedehassdon
{é%g{géastars rovided by neighbaoring nodes. [0032] Figure 10 is a diagram
f

7550 SR RETERST SN RS IancBIfR thersheesitinvisifont 2
(ed3]amit) trenthissinlieiplaspatian, access category service load element

[pgeg in acggidance wilihe plesel INEnHeR ARG EIBNE 1500 fing
commu_nicatlo station con Igu ealn accordaance Wlt% e prege%t
inesménaeos 5B ETRLEDRSOR PR ORGRIP REFERRECFTQS) and

EMBORIMENTS. {0936} Altaoualythe feaiuiasang siements of the
Y

resent invention are described in the preferred embodiments in )
E’gﬁ@m ar comBs iR REessnts, @ method employed by a node for managing &

channel based on evaluation of served and unserved traffic load from WIRUs
and for providing a service load scalar for advertisement to WITRUs.
(0031} Figure 9 presents a method employed by WIRUs for selecting a
node based on load scalars provided by neighboring nodes.
{0032] Figure 10 iz a diagram of a BSS load element format in
accordance with the present invention,

- [0033] Figure 11 is a diagram of an access category service load element
format in accordance with the present invention.
[0034] Figure 12 is a communication station configured in accordance

with the present invention.

[0035] DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0036] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, each

feature or element can bé used alone (without the other features and elements
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feature or element can be used alone (without the other features and
elements -6 WO 2006/031834 PCT/US2005/032605 of the preferred

embaodiments) or in various combinations with or without o t s
Wgﬁgogfg%%ﬁts of the present invention. [0037] One aspect ogaﬁég gpﬁr}e&érjeﬁrf 608
invention introduces two different approaches to determine the loading

metric of channel congestion; first, a Basic Seryvice, Set (BS9)-based load
of rHegriprefTeati BRI L AR, Bh YRECR FBFMARATT "X%?é e"é%%léf}l%a
Otggﬁmh%@?ggdlgﬁ%mwﬁmbmﬁﬁ mmetrickidmdicating the load shared
amongst different APs. [0038] BSS-hased | ' rigsethal
mg%?irmine ioh R?Qadcéfko RPERG Channe %%g%;%ggﬁﬁége%o%refer%d
apSSdiaseth detbrstiicsharbadibBs S:efaieres) PheanebtrRREsTH A cRE e for

plate metric, [00381dhe Deferral Ratg (OR) s MeasHserpemidiay on the

represents the percentage of time that the receiver of the AP.is carrier .

lorstrEindisidonab PenaprErassoeanelhaesd AYARdREIESs TGRS Aas)

_ Sy con
inwhilethe:APihas SRe.PEMaTgsPadketsiioARMSMIt (i.e. its queue is not

empty). In other, words, DR represents the amount,ofi {
10958hds defgﬁﬁfaaﬁﬁ‘gzﬁﬁéi%entp%csoﬁrgr ﬁ%ﬂﬁf n%s&g[({)%%g}% h%%rlf\ g()saéi
cdidieisal Ratelrepresentgatiepertbntiye pfedateeth BOHears Brefiies
£ 15 FREISLIOGkPAODIOAN LB P SRRckeht.e-apaekat, originaling from
one of Its associated WTRUSs) whi

e the AP has one or more packets to
(@it InPacPoloed, Beser IBS DR FREFERERRE™he AhdBRTOF Hihd™e
pihatihg-AR serRdsideieningis@umiransMiBsisnshtealskeohéicf iGlear

associated WTRUs aken control.of the medium (164 i itti
ity AOTHEPRD S GRS AT LD T e of e
oBUHeRt poddiplacechinmisystent amaewhennblersishy nde @ iber ARt B
another.node in the same BSS. measuing they IMGSPeR daleringan t
rﬁ%%@r%%%%% Kiow tm-BSS def%rral metri%ndicates thgﬁhe load for tllz:e0
oBi88 WdWN Boligh in- BSS deferral rate indicates that there are many

[68@@]5 transilingmkdnBeferral Rate represents the percentage of time that
the receiver of the AP is carrier locked onto an in-BSS packet (ie. a packet
originating from one of its associated WTRUs) while the AP has one or more
packets to transmit. In other words, the in-BSS DR represents the amount of
time that the AP spends deferring its own transmissions because one of its
associated WIRUs has taken control of the medium (le. is transmitting a
packet).

[0041] The in-BSS deferral rate is indicative of the level of the current
load placed in a system, and when there is a need to transmit to another node
in the same BSS, measuring the time spent deferring a transmission. A low
in-BSS deferral metric indicates that the load for the BSS is low. A high in-
RSS deferral rate indicates that there are many nodes transmitting at the
same time and that there is thus a significant load.

[0042] In a case where there are only two nodes in the system with a

significant amount of data to transmit, the deferral rate could be high and if
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same time and that there is thus a significant load. [0042] In a case where
there are only two nodes in the system with a significant amount of data

to transmit, the deferral rate could be high and if -7 WO 20
w0 s

05/032605 used alone will indicated congestion. owe?/g:“’jfmm5

since th(_ere are only two nodes in the system this is not considered a
congestion situation. To address this situatiqn, th?};resent irlveintion ses

uiAd PARRST B iaficAteirIeRES AR ON FO T nE HEra AT T8 RRetid 100
inl e Recket BreriRaiet (RoRjidsdi e resiggedifoe niindeoof Taileddress this
transmissions (i.e. packet.transmissions ' S :
S‘?é‘@%}i?/%’ A0 lfﬁ(sée%ta Ywe&lr%ngréru Sef)%ar?s?%ﬁ%é%gﬁg%& e gl?ar%ge%i%%goa
tigodefeimalicatiomefrike collision rate in the system when conservative data

[dgi@,fm issiofatesate psed RERE (argey HheRunhe o tRodesiia sysiaed,
the higher the probability of collision. The yse, of botg#ge in-BSS deferral
RETREITRS A6 (HECBERTHATSTURIHER AR Do RORIEH T
t40@8k0fo) /MBIE]{IM eitheameititedseddoetividUEHy. [IER4idettie ipresenod
_invention, own,in Figure 2, in-BSS deferral '

EHEHENER A e R R R

teuenagsibovere predefidediberlotzer tieaEnpesvhaedri) sty sieps e
hg%&ge%héeg%%gﬁﬂméy-&%ﬁgmg eg,of heigmpticaareused nrigaal-dbe

urrenc congestion at steps S5 and S6. More specifically, when |n-

et o IR DR SAE BT <P B RAE L Gh RS, 020 of
a?f@ﬁfﬂ%ﬁ%ﬁﬂe%@ﬁ@?@@d the:nERIRetric exceeds a second predefined

reshold, determined at step S6, over a given period (e,g. ;
{944khis is ?}h e e é%lrl?gl%%tig‘% .%b%“ﬁ]lﬁéﬁ%ére%’r lﬁlgtg c‘ﬁ%%%%%%
risteletectddoaisBEBmibeicriteriscapesty forhekbuviecds ebrrRRny GRgrSS
Agahniaues (oL AeleURIRY £qpIeasHian s iesenbinvenlian e fae
ollowing actions; first, the AP at step S7, sorts all WTRUs in the Basic

Sewice But EHSSpRRIIEY ofhe ARBIERE of BT HRIFCTRgIE! to sisnal
fstransmitWastegbmneiis prefesabIpslataiBmedisracgedandsy, when in-

BSS deferral rate (DR) metric exceeds a first predefined threshold, determined
at step 86, and the PER metric exceeds a secoend predefined threshold,
determined at step S6, over a given period (e.g., 30 seconds), then this is an
indication of congestion.

[0045] Whether or not congestion is detected based on the criteria as set
forth above, or employing other techniques for determining congestion, the
present invention provides the following actions; first, the AP at step 87, sorts
all WT'RLs in the Basic Service Set (BSS) in order of the amount of time spent
trying to retransmit. Wasted time is preferably determined in accordance
with the wasted time algorithm ALGut set forth below. More specifically, a set
or list of WIRUs with unacknowledged packets is created. For each
unacknowledged packet to a WIRUs, the sum of all the wasted time spent
trying to transmit and re-transmit the packet (.e. packet size / packet

transmission rate plus a penalty for each retransmitted packet) is recorded.
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with the wasted time algorithm ALGw set forth below. More specifically, a
set or list of WTRUs with unacknowledged packets is created. For each
Wunz%g%(r}]ol\é\ggdged packgt to a V\_/TRUs, .the sum of aII. the Waié%%g%é—z 032605

pent tryihg to transmit and re-transmit the packet (i.e. packet'size
packet transmission rate plus a penalty for each retransmitted packet) is
recorded. -8 WO 2006/031834 PCT/US2005/032605 The penalty reflects
TP ST RS DA RSO T g ek fise
tiduBdectie dowbling of thiecongdstiprivihd own@at)o eindewallyW). The
Lepresenis.lneaded drlan ity g Tonne tedie RacRLis1sadider
PEFENShIISRioh to the time the pa%ket IS actually transmitted over the
fom exdimem BRI ctpablemn fime chaenichistiHe rafdreRiu dragraatdefo PLsgthRs
WARHRgHMe talransmitting packets foliowiag,foMisionssrbheretsansaibns
time metric is normalized over a selected time, period, [0046) An ex mgle
RRE 4 TB SO W AT tie BT RRARIROT GRS PR
Ritisizeiiomasiesd dxéineisBiled timRFagiodl * Penalty mwckPkts Pkt _ tx
rate lj where: wasted ; tinieg7RU = sum. of | t_tryi :
[q%%imit and r&tan eir%i Gaﬁlélcgﬁn%% Y %e pggﬁé%%%%v%@%p ?‘%‘zgﬁ&i
givirahgmission of | packet #_pktsi _ # of transmissions of | packet, e.g.

1,2, 3,... Pla_size, =sizein bit%o]gkit'é{‘ an‘é%ssion of |" packet

Pkt_ix_rate,, fransmission in /of i smi&<fan of j' t RT%,>
WESTE or@g%ff?%mewwﬁ%e genﬁi CWhrin %fa e, épé%m f:enalty
32 & slot time = 20ps NGt&#Ex will be. 2 X C—V\%ns“ a#ter"ffirst
where:
wasted _timey,, = sum of wasted time spent trying to transmit and
retransmit unacknowledged packets to a WIRU
j = ;" packet
i = i* transmission of ;" packet
#_ phts, = # of transmissions of ;" packet, e.g. 1, 2, 3,...
Pkt _size, = size in bits of /* transmission of j* packet
Pkt _tx_rate, = transmission rate in bps of i* transmission of
™ packet
RTx,, = 27 for i> 1, otherwise 0
Penalty = CW, * slot time, e.g. CW,, = 32 & slot time = 20us
' Note: CW will be 2 x CW, after first
fransmission.

Note that #_phts, corresponds to the number of unacknowledged

transmissions of a given packet. If the packet is eventually successtully

transmitted, #_ plis; corresponds exactly to the number of retransmissions. If
the packet is dropped (i.e. never successfully transmitted), #_phts;

corresponds to (number of retransmissions + 1).

[0047] An example of the wasted _txtime,,, calculation is given below:

.0-



transmission. Note that # _ pkts corresponds to the number of
unacknowledged transmissions of a given packet. If the packet is
eventual%successfully transmitted, # plasj corresponds %H&B%J‘% 605
& Bt tetransmissions. If the packet is dropped (i.e. never
successfully transmitted), #_pktsj corresponds to (number of
retransmissions + 1). [00471 An example of the wasted nesST,
ARSHERatiH RigRBPBEIGH P2EHD" R S S
C(Aﬁsel e HeairansARshiaa ) &hmél&btsdm’sem bl agartisuideSEA tBuringketie
hEQULEE 014N LORTID SIRNS BN oo s, 800 iR Al EI®
pa et has beéns cces nowledge or not and the number
t@a@mmﬁmmsmxs@m@ées%p‘éﬁamme follows:
GGGGGBEBYAEEBHEGHRGIEEEEEBRRYEIEEcwhere: U= rate
increase, U =rate decrease, G = acknowledged or "good" frame, B =
“ih%%knowledged or "bad" frame The 1st B is the sixth packet and there
were B dsansmpiesians of this sixth (6th) packet, i.e.BBBUBBB. #_pkts6 =
6 Pkt S|ze|(%e 12000 bits Pkt_tx_rate,6 = {11.0, 11.0, 11.0, 5.5, 5.5, 5.51
Mbps RTXi enaﬁy {0.0, 640.0, 1280.0, 2560.0, 5120.0, 10240.01
us The=7thkBiwibdeed tr feakBtioamehere were three transmissions of this
17th ﬁacﬁgg = OEELA & pksrlz3 bkt _ size,.,? = 8000 bits

Pkt_tx_rateil7 = (11.0, 11.0, 11.0) Mbps RTx"* Penalty = { 0.0, 640.0,
’l}t%tf_t@_ igdhe sixt acket and there were six transmissions of this sixth

(6th) packet, i.e. BBBUBBB.
# _phkis, =6

Pkt _size, = 12000 bits
Pit _tx_rate, = {11.0, 110, 1L.0, 5.5, 5.5, 5.5} Mbps
RTx,,* Penalty =1{0.0, 640.0, 1280.0, 2560.0, 5120.0, 10240. 0} us

The 7th B is the 17th packet and there were three transmissions of this 17®
packet, i.e. NBBBY.

#_pkis, =3

Plr _size,, = 8000 bits

Pkt _tc_rate,, = {11.0, 11.0, 11.0} Mbps

RT%,,* Penalty ={ 0.0, 640.0, 1280.0} us
Therefore:
wasted _txtimeg,, = (12000/11e6)+ (12000/11e6 + 640.0) + (12000/11e6 + 1280.0) +
(12000/5.5¢6 + 2560.0) -+ (12000/5.5¢6 + 5120.0) + (12000/5.5¢6 + 10240.0) +
(8000/11¢6) + (8000/11e6 + 640.0) + (8000/11e6 + 1280.0) = 33.76 ms
[0048] Preferably, the WTRUs are sorted from greatest to smallest
times at step S7-4. The program then advances to step S8. At step S8 (Figure
2), each STA from the sorted list is disassociated greatest time first, until the

congestion is relieved.
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Therefore: wasted _txtinzeSD.A = (12000/11e6) + (12000/1 le6 + 640.0) +
(12000/11e6 + 1280.0) + (12000/5.5e6 + 2560.0) + (12000/5.5€6 +
5120.0) + (12000/5.5e6 + 10240.0) + (8000/1 1 e6) + (800Q/l .1 €6 +

VWE458) % 80bo/11e6+ 1280.0) = 33.76 ms [0048] Preferably, the WHRUZ®
are sorted from greatest to smallest times at step 57-4. The program then

advances to step S8. At step S8 (Figure 2), each %—EA from the sorted list
[984fsassocite PreeRb R TRREH A LGB PHdeE JRp o‘?‘??sg’]eﬁ dRetEes

iNMENRRN 8198 1H34 N6 USRS AR26AR IR sTteapea SETTTHAe thiotime
also provjdes for_the u other metrigs including; BSS-ha d

URREOHBE, NSO P b SR P AR e RIS (e

fAR aenéive’s ail el nowibdy earintsaABK Sh¢digmemgaiemeaisn) iatel

atodtp?et packet aths Medium.A65aSs GARLIPLAMAS:, ahe the,auerage
uffer MAC occupancy (based on the size of the buffer). [OOSO% Tf%e .
(TGS, inv@hﬁﬁ%@ﬂwﬂa\m@é&’%ﬁﬁ%ﬁ#ﬁﬁ@@%é thal daresHato

AQad:af the neighboring AR ibassessingthe:sysiem sheeegktombeosth to

any load shedding (i.e, disassociation) or.load balanging. exampl
p%%Wﬁ i g g?%d?’s%‘?fjféfb%ﬁ of ea%tlcs}‘%L of fhagxﬁgg ﬁﬁorff)r?g %C;fa]gcgllgo h?%(%
casmplieciedladsteps BgardSiUhardasbfpadd ofithsaigaberiies APS Ht

teps. Sl a S iRy i ed (st 4). SINeeLtIR MBS
a\?\?&%%é\?eg %‘%%%?%éﬁg%?ge%geﬁ%gé{ Elgew ere, i.e., LI, 15 and L3

Al s4IFbrnh R3tbp SN BY2 dendl sheading is dolantstien Theh s e wer
S2pKevioVREAshRisae eads: (et et taecl 8doad j$.easd ienab

and L2, the AP ta WRTU, h t st 1 7.
OSSP BERoT HOBING 155 SHORE WIS 2t Adebeh o
16AR) eancetisyddkeds (oag R15BVe IHiheibRABorngsArRs; then P drdnid, the
AP0, foLSamRianVien R AR dad/siahsampared to the estimated
loa eighbor P

of Its ing APs, then the AP advertises a high load

RFonsive Bra adarstisinatondins topits Bbatigng (FETH Ungh ffeeap s
ig19vacomRated 10 sesimaies kaginfiimpeighbors AheAhadritisas
a low load résponsive_to C . . .
example. When an AP load is high compared to the estimated load of its
neighboring APs, then the AP advertises a high load respongive to a
determination at step S15A (Figure 3). When the AP Joad is low compared to
the estimated load of its neighbors, the AP advertises a low load responsive to
a determination at step S15B.

[0052] Another method of the present invention is to use metrics that
determine medium (i.e., channel) load. This metric enables the WIRU to
choose the least loaded AP, Medium load metrics are used in cases when the
In-BSS channel load is not effective, such as the case when a BSS with an In-
BSS channel load could simply be deferring to a neighboring BSS, and
therefore, although the load of the AP is low, the medium load is high. In this

case, the advertised load should be representative of the medium load. In this

case, an AP only advertises a low load when it is able to support the new
WTRU.
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a determination at step S15B. [0052] Another method of the present
invention is to use metrics that determine medium (i.e., channel) load.

Wghz'{? Fpﬁgtg&enables the WTRU to choose the least Ioaded&P /M%%'%?z 605
Bad tetrics are used in cases when the In-BSS channel 16ad’IS Aot

effective, such as the case when a BSS with an In- BSS channel load

could simply be deferring to a neighparing. BSS, and therefor hough
G8%0ad or neRBIE B 154 GenARGATAE G oM TR et The

aceeRiseadaes sheyiDbectpiresdantativenss thie: rbedioff hradednrth ghat is

SRR 10 TR0 PP TATS 0L DA bosy %%%%"é?ﬁﬁ%%‘t

Aﬁvesl\émrm@mm@aﬁﬂh’élmemamdoa@rﬁﬂﬁétsa\?hﬁag%eémlcﬁ?ﬁ@g®
LeauHiLad 4o.axegLtg;the ha arogedurethalis,delermined in. Ehebegms

manner shown in Figure 4 for downlink transmissions at an AP, M

GRS AT S R, P A S ARE Ay TR
Homdhedime.a peckebiseeagy fekartapisatn {he. béginssGEMVEA to

ﬁ&ncgn en%%ri) to the time the packet starts transmission over the
§'§Btefimined at steps S18-S23, and advertising AvgD to
[VORAIUs, at Etesisa4f [0eSthTasiskerpfdvie tulientsrithsiioationneadesd

ﬁ‘%gé%{&&%@ edesk 10,2556, the DKM RRC MR W 'a&@qgt%mi@@sed

window size Is increased whenever an acknowledgement is not recelvgLllFf
 WerRarRS e SMGTISAESTTARS pelcesvae Batedninse iR R0l
£ifher bayeenRedepot thaisame &ak @ftﬁ&feﬁeﬁh&ﬁ&s@@umgﬁbame

countdown o off roced e, the untdown i spe
v (DU BB A DESRCHA g, the
@ﬁﬂnﬁmmfbmpm@dewﬁmm‘dthe rrabéspactsm@l tivehsabusyivmdnch

Q&éned'%ﬂ‘e § §%¥ Q%%%QH?&?Q%E&H?M@%%&Q&%J ARPLE covers

nelg orlng This metric taken alone provides a % ood indication_of

the curgeshion W perdewedolightydeaterh dne BSYTBLE @5ike BFIGES
SimRY Msing the dimedbatthe meekmdEdRusbfehaRRelditiizalidnhdfation

of the congestion as perceived by this node in the BSS. One could consider
simply using the time that the medium is busy (channel utilization) as a
metric. However, in an example where only one WIRU is associated with the
Access Point (AP) and is transmitting or receiving large amounts of data, the
channel utilization metric will not give a good indication of the congestion.
Channel utilization will indicate a high congestion when in fact the system is
only supporting one user. A second user (WTRU) added to this AP could
easily be supported. In the single user example, the new proposed Avg. D
metric (i.e. the average duration to execute the backoff procedure) would
correctly indicate low congestion.

[0055] The AvgD metric is a preferred measure since a short duration
required for the backoff procedure indicates a lightly loaded medium, where a
long duration indicates a heavily loaded medium. As an exarmple, consider the

current IREE 802.11b standard. The minimum value for a contention window
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metric. However, in an example where only one WTRU is associated with
the Access Point (AP) and is transmitting or receiving large amounts of
data, the channel utilization metric will not give a good indication of the

W@o%?a@gfi]gﬁ‘f Channel utilization will indicate a high congestff)o%lr(ﬁtsi%zﬂr?:’l”rq32603
fact the system is only supporting one user. A second user (WTRU)

added to this AP could easily be supported, In the single user exaré?le,__
(GRD reB Brahosed ARFIDUTRR ARG BgHRavEIEe WiPSH Y 8Xattis te

2%@9%&&.er&) wfwldgf@i@miﬁdnﬁmteglcﬁm%mesﬁmmaﬂh e
V metric IS a preferred mea e e a shno uration require
EIRELEALRB 16 RaEE TR A e LAy ISR e ™

lum, where a

cluradismirdiic atesashepnilyukyacked imediins Ascaspex anTplea ton sidB reave
current JEEE 80 3;[91:3:1[3 Miginiakvalye for a contention

Ao ’i’l@%ggjgbk)%%?}%% BCT[US2005/032605 (CW) is 32x20 psec

(00841 psecThadereoRfaliamine ViR TSS9 3lonsing ceeasyismepts  the

cHiRuevaTibe.dusation reqiked dmgxecute the backoff may be greater
than the maximum size of the CW, cau%gﬁ, the %u:i,ﬁenstifm of tp%
1 curren able

s cobREHY dRIEED 8B HERTG SPERTS)AHER Bra

}igxllr?crease mydura%lon Wﬁ?a
giveeamindigationtindtathdtiotolheeaCiiBy inrthaamedisur0e56] Thethe

reasons for A ' urements in the context of th
or &z&cfar%f IR=ir {Nan%ww?ﬁ? xt of the

invention INclude: [ayer has much information, which is

snoNeurieftlyraaitelitnsiprevedatbhnderientaomiattab a8 tvie) Bz
MEASHIEMGINS,D the ﬁ@g@@g&h@fgf@%w AN HEE 80 2dd ke Mesided

information items provided by the present invention, which are useful to
upﬁé?lﬁﬁyﬂ?g,%?%eﬁ’él&ﬁ?eé%ﬂy available although they can be provided
withimtheszope ph8aRAliked EENBOR dittihaddddnfifledschanell loading

ut\i}iéz]r?tion CU}rtas a useful loading information item. [0057] The present
inVERtIBAIES YéChgnizes that there is need for WTRU uplink loading
ipd6ration Zhd ARsenwiteviodiing #forneatorzSofet there is need for

WTRU uplink loading information and AP service loading information. Some

of the limitations of CU information include:

e Loading information is useful for handoff decisions in the WIRU and AP,

e CU information of a potential target AP is useful to WIRU when assessing
handoff opticns.

e (U is the sum of uplink served load {(all WITRUs to AP} and downlink
served load (AP to all WTRUs), also known as channel utilization.

e Traffic load, however, consists of two parts: served traffic load and
unserved (queued) traffic load.

¢ CU presently does not provide dynamic, unserved, queued traffic load
information.

[0058] The network has no current way to acecess unserved uplink traffic

demand {queued traffic lcad).

[0059] The merits of WIRU uplink traffic loading measurements

(UTLM) in network management include:
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of the limitations of CU information include: Loading information is useful
for handoff decisions in the WTRU and AP. CU information of a potential
target AP is useful to WTRU when assessing handoff opti is the

WO 3018 ihk served load (all WTRUs to AP) and downlinkolﬂsief&%%f}%'gl}g5 005
(AP to all WTRUS), also known as channel utilization. Traffic load,
however, consists of two parts: served traffic load and unserved (queued)

* traffiugbabiamel reddnligatorecrord ietite AgraiRRadReRed, queued

« raffig,l0ad.dnformation - [R0RAbThennetwgrohas e sbelentwayteaccess
unserved uplink traffic demand qu%&JSed tra}gf_ic load). [0059] The merits of

u

* WH RS SRR TR e ARt PR LU FRIR ShES ™ in network
» MERRgsRERfHak deafls JAr A006/@31:88341P CF4IS 2005602685 AR to

high channel.load indicate E}]ﬂ ffic. clpse imy. If unserved
tragﬁfgedﬂeprﬁlé%ﬁ%% Forwlr/ivmtﬁn?snlgs(%%ﬁa c%é%%el mgnagement. ‘ If unserved

o trattiie devedrie isaRpeetibaschapnshtiemnmuURsERe CadinkEHRI RN Y
is extremely-4seildaspable an AP to better partition uplink and downlink

segments of frame time, APs need to | t h | f [
e 3R P WAL BIOBAIGCCo CRBRURITER (e ot o

WiRbigindisates!aissmigsion delays and potential channel blockage.
The volume of data queued in the MAC ir iSSi v 00
oL HRE B PO LR G T OORDT T e PRI Bood

e present invention
previdesra m%qu@hé&)upi@da@@@ent information base (MAC MIB) element
@sﬁf‘“smw ficlaad,inamelysHransmiQuese size (1QS) r4anssnient

ueue Size (TQS) Is defined as follows; New MIB_Infoérltg,ati?n gontain
intfreeqdiowehasoT oM aliHi Glrzprndider transmit traliic load, namely,

Transmit Queue Size (TQS). Transmit Queue Size (TQS) is defined as follows:
New MIB Information contains three (3) items: Total transmit gueue size
(TQS) consisting of the sum of Contention-free TQS (CFTQS) and Contention
TQS (CFTQS).

[00G1] - TQS contains the current MAC queue size in bytes. TQS can be
included in a MAC MIB 802.11 Counters Table. DotllCounters Table is a
defined data structure in the standard. TQS information may be implemented
by a counter as shown in Fig. 5, the WIRU, at step 525, initializes the TQS
counter to zero upon system start up. The WTRU, at step 526, receives a
frame and, at step S27, queues the frame in the MAC layer. At step 828, the
WTRU increments the TQS counter by the number of bytes in the queued
frame. Aliernatively, accumulation may use a software technique wherein a
count may be stored in a memory and incremented by replacing a present
count (PC) with PC+1, for example, as each byte of the frame is queued.

[0062] The WTRU, at step 529, transmits a frame employing the
physical (PHY) layer when a session is initiated and, at step S30, decrements
the TQS counter by the number of bytes transmitted, either when operating in
the unacknowledged mode or when a frame is acknowledged by an AP after
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(TQS) consisting of the sum of Contention-free TQS (CFTQS) and
Contention TQS (CFTQS). [0061] TQS contains the current MAC queue

ize i es. TQS can be included in a MAC MIB 802.11 I
W%ggﬁ&%%‘érs Table is a defined data structure in the stan %R@g@"%%s
information may be implemented by a counter as shown in Fig. 5, the

WTRU, at step S25, initializes the TQS nter to zero u m start
g R AP Siet GRS I RBbcHhEER T AR AP IED 57 e

ueues
sdhedrmpweiiptheMACHY et AtaiepIiB, dee il RAIInMEM el eesTYS

counter by the number of bytes.in.the Ivelys
R G R T S SR e B A Keiere an
elstorad from merghperiiiéremented by replacing a present count (PC)
QRPC Lot amples SRchiviealhakamedsg e st 06T he
U, at step S29, transmits a frame emp %the hysg@ (PHY).
shayan (rcrramsalsivh JagRmtate AV RALF AR : d%&r%r‘%Pe ’tﬁéd’r%‘ =

Y @ml?s bxsld%eep éﬂéf&aab af byﬁe&ﬁraa?&miﬁed‘m ey GhlsgaropfaatiMGIRU e
unacknowledged mode or when, a frame js I e P. afiel
S S0 SRI19F DTS IO T0 NCEHY Ferebin The

HY tfansmission. The

MiTRtlgatatepeSel therdiibates thé TOSIaERh (FadigiRdrrgRps. is

S 205y MIB slamen: MU slemeaisarediansmitted to
nelglﬁ%orsa needed via an MIB guery performed to retrieve an element
(NG & neigRber Y NItS) [B86SFTHS GorteEBH sl s (CTO%)

deimnismenisd asgshawn, Berexaagple, whkiguepratinereiefiner WHR the
at step S32, injtializes the CTQS gounter to zero a r T
Y BB 07 AU BT 3 T i d AL e P

tstepEddiogueesitsie S Goention fube CORRcmART dyh ar Ry of

e e GTRR COUREE 15 NElemaBiadaN B punBer ohhy gEdihge s
ceived frame. [0064] The WTRU, at step S36, transmits the fram %%ﬁ?
R dwiedgemn pitste mpfdyin dares PERRIRYER Rfren Oheisin %%h@?iﬁ"\

dnacknawledged mage Quwhemherame:hessbeen acknowledged after
[?JOHGEI The contention free transmit oueue gize (CFTQS) 1is
implemented, as shown in Figure 7, by providing a CFTQS counter wherein
the WTRU, at step 589, initializes the CFTQS counter to zero at system
startup.

10066] At step 540, the WIRU MAC layer receives a contention-free
frame and, at step 841, queues the frame in the contention free queue (CFQ).
At step 842, the WITRU increments the CFTQS counter by the number of
bytes in the gueued frame.

[0067] At step $43, the WIRU transmits a contention-free frame using
the PHY layer and, at step S44, decrements the CHTQS counter by the
number of bytes transmitied in the frame in the unacknowledged mode or
when the frame is acknowledged after the PHY layer transmission. Af step
S45 the WTRU communicates the count to neighboring APs.
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transmission and, at step S37, decrements the CTQS counter by the
number of bytes transmitted either in unacknowledged mode or when the

knowledged after a PHY layer transmission. At
W
W communlcates the CTQS count to neighboring APs. W@Qﬁm;
contention free transmit queue size (CFTQS) is |mplemented as shown
|n Figure 7_b vidin S countery wher —
|n|t|aIE% %10}‘]6 E5URLET 16 26 z'e%o at’ sys hﬁ%r%utg e[%@At%(i %
maemem theharERUEMAGRayelr repivdsis, corifernivh-fée f?@meaﬁﬁplet
resétpz etive Wé%ﬁ% Hadframs indhecente %@ﬁ(ﬁﬁ% Quele LaFQr 14 Sten,

TRU increments the CFTQS counte the number Qf bytes in

C%Sq@éade@ﬁm‘é. roeets Arate the W A WIRU (z), for
e%&ﬁ@lio'i‘lﬁ'i@edﬁain&vﬁﬁﬂgrébﬁe&ﬁﬁé Iayeéma ﬁtaﬁﬁp B dodbbrednerith

the CFT unterb er,of b stran itt efra in.the
S ERBTR RBE P RO PR D S e e B

PHY
dsystiiianendissioh. 1Ategtdpa@450méhﬁlm zowiruBitatesdhatcotam &0,

g%%hb%ﬂggsﬁ@gd 12 VQ,e008I03 188 44B G THI S2A02M032005.HARGE] Fig-

ows one manner in which an AP utilizes the MAC MIB information,

\ evatropiin hradipstips sstratiic da mamimas ety aiRtion epd aalpize

tf&ﬁdﬁfc\:’%TMQﬁggs M'@}{i@?@‘ﬁi@”dﬂﬁ(ﬁﬂﬂlﬂﬁe Qﬁﬂ@)krﬁﬁﬂ? OfheTIS ReedRSof
an counts, from and WT

Ces i P R ARIEH PR SAP L AR (AR @ RETHBIAG hemR

usitvedditaffic data such as channel loading which includes both the uplink

@12%9 downh;ﬁ;]hoad 20 '§a§\6%|éjat?& bylgp{evﬁﬁpat sigp S49-ahd. alsighe

utilizes the serve: d Unserved I6ad data to manage the channel,

HhersaXamEibs by@aje@mwtthéthaﬁﬁef%etmaﬁmfé%fﬁé%mﬁon and
gyRimize trffiglogkinge LRI ARTIRYRABE the tapiok APdeonaines. If

segments of frame, based u
t&iﬁ’?l hBe BRER rﬁ%?nf}ﬁr Zgwe%o{]o acgl %egrva?lgdugclzlcne%ya%flgc squt;aal Irc‘p?afjl%sr, t%he

WTRU needs a capability of being able to determine which is the better AP.
By enabling APs to post information concerning their ability to serve their
existing set of WTRUs and their ability to serve additional WTRUSs, channel
usage can be optimized. This information is similar to a downlink traffic
queue measurement for the AP modified by any AP specific mmformation
concerning its anticipated capacity.
[0071] The following addresses AP Service Load:
100721 A new MAC MIB information item is provided to assist WIRUs
in their handoff decisions.
[0073] A quantitative indication on a 255-value scale (represented by 8
binary bits, for example), from “not currently serving any WIRU", to “can’t
handle any new services” with a defined middle point indicating that the
served load is optimal. For example: A
== Not serving any WIRU (idie AP or WTRU is not an AF)
1 through 254 == scalar indication of AP Service Load.

-16-



[0069] The considerations for providing AP service loading
measurements in the context of the invention include the following: [0070]
TRl7J§ ay consider multiple APs as target APs for handqff, |
WO 2006/03183¢ ) ';%E%ﬁéf 32005
ave S|rr11r3|[f1ar channel loading and acceptable signal quality,?)g;g T (L}Jg%ﬂb
needs a capability of being able to determine which is the better AP. By
enabling APs to post information concerning their ability to serve their
existiig SE BRI RUACERS BREiPaTifE T Cerve additional WTRUS,
[O?I']?fpnel uSageLCaphenatimized. Tihi inﬁ@&a" i Similamt TREp——
de-f%?a ¢ Jueue measurement 19 1%*&%’%@1 modifieday 2y /A3 St on to
ofmation concerning its"anticipated capacity. [OOZlJﬁThe following
olsidlitrenseimAR: Stiitratiavder [B0RZTAxIER MACNABS £6Ph B RatEIGTEr
a ﬁg&gd to assist WTRUs in their handoff decisions. [0073] A quantitative
Indication on a 255-value scale (represented by 8_bin its, fqQr
(@iinple), FB~B L ETESEr i ER A WS R0 R Ra ™
THEW SCEUeRS -y th ardefined middle point indicating that the served load

is optimal. F mple:. 0 == Not.sefving any RU (idle AP.o i
[QQ(;? n AP)AlQ%i%?&g af%ﬂg:nzml“s}l%l gr)l;n% ig%%%ﬁ%%#gg(g%\%caégfo%%%%@ ’
MMAROA6031 884 RCTHISHI0B/082 605Blis 5 R anmapiabls sierepozality,
DENoS5IVIces 007 4] Expet spacifisation of hisMIB iteemiar(z), AP(y) and
iImplementation- d%;endant and need not be specified with exa%cti ude; a
Aqitailaa-ReAMTTOn RNOBtaf iSRG Uity n?ﬁ&?b%ﬁ%ﬂ&‘é%r 1BlyEep So4
e‘%ﬁﬁfﬁ&faﬁ? @ﬁiéid%@aﬁtlaa particiNartisetwonks (8 Schesiewd BhSesicblecad

can be jnclyded in MAC dotl1Counters Table { reyl .
1587) AL AP AR AR S o e ot A
saddiostdp S56andideratiofIbf channel loading and acceptable signal

ity, as in Ei ' i
[Q@%(I]) AP(y agr\l')éq)'gelx:'{gw §o2dGRN.TSCq uEal0ad Ad\estigementfiremple,

be based upon served and unserved traffic, as well as other data such ag signal

(7]

quality, and anticipated capacity, based on statistical data, for example. The
AP SL scalar may be created, as shown in step S50A of Figure 8 and
advertised to the neighboring WTRUs, as shown at step S50B.

10078] The above methods are preferably implemented in selectively
configured WTRUs. For example, 8 WIRU can be configured to assist in
channel management in a wireless network by providing a memory device, a
processor and a transmitter. The memory device is preferably configured to
provide a queue of data frames for a medium access control (MAC) layer of the
WTRU. The processor is preferably configured to determine gueue size data
representing unserved, queued traffic demand at the respective WIRU. The
transmitter is preferably configured to communicate the queue size data to
access points (APs) of the wireless network whereby a receiving AP wutilizes
the queue size data to assist in channel management. In particular, the
processor is configured to initialize at zero a count representing gqueued data

size at system startup and to increment the count by a number of bytes in a
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AP(z), respectively shown at steps 551, S52 and S53, and, at step S54
evaluates the received AP advertised loads (SL scalars) and thus is able

to_make a decision based upon comparisons of the AP adyerti 0
Wf)e%oeﬂﬁg%}s%i‘nd, at step S55 selects an AP. [0077] The AP ségfﬁvﬁltcjztcjeg oé\%ﬁ%?ésﬂs

is a scalar value and may, for example, be based upon served and
unserved traffic, as well as other data such as signal qualit
framei AR A ERTy, RMPEH SRR G, 2P EEIBIR. i s of

1sealrRny hefrapiedhapaivewsoiniafisnad of fgteméatie adverbged
to the neighboring WTRUSs, as shqown at.step S50B. [0078] T

B P R DN TR T Lo RRVER e B o PR EEH)
IEperesturiiel WA RITRY sartivedonfigededdonasisist idschanpésrnative, the

IRARGEMENTIN B HLeless D eioLk BYRIRVIding: &L HRRIS YeBy Rs in a

rocessor and a transmitter. The memory device is preferably confi %S!j
fg@%dﬁ’/hfé‘é‘é’é@ﬁ% 5F BRSPS fora %ﬂﬁﬁ%(géf&éaéfsﬁt?&tm%
el glthenW iRl bebhaftacesadids eferatificonfignriesidn determine

e size data repre ing unserved, gueued traffic demand at the, .
&:ﬁictive \%Tﬁ?ﬁﬁrﬁeﬁga%n?mi & %%Igg?grralglf é%%ﬁ%%ge ?é}%ﬂ] IteEeW:‘th
eammioicatel thentpreiensfrecdatades at shesmpefiae APesafatiewiréleds)
fichq WhetehY.adeaRivingiAR itz aadhaiduenR sFR AR ARl d0e-
channel management. In particular, the processor is configured to
aIDEGE 6 SHRAEIB8e AR EFERbUBE IS SR TSR deirithe
anaderinereqment theauntiby amumhbesehbytegiaw-sié WOFTQS) data
2006/031834 PCT/U 2005/0’&]26 f&ame h{en e frame is qugued b
{REIRIGEITTH HOREE o O TG 15y P AT thiotn R Aot T e
pracestar isacenfiguredito deeréfitelit thecoentopating niberveBytavdned
Fae whsiha HATe AIAnailed (aaysicaLRE AR ahibe rac)
In an unacknowledged mode. As an alternative, the processor can

beonfigured to decrement the count by a number of bytes in a frame
voaen @ frameuishteansmittesbika physieal(Rhte: layasefihe WilRtirshen
the frame has_been ack ovy%e,d ed after.a PHY trapnsmission. LOO?Q Inc1
SR (VPR OF e TR TS I PP i BRI GFoain O dueue sise data

Wi
received from WTRUs by the APs and a controller configured to select an AP

for wireless communication based on the received load indicators.

10081} An access point {AP) can be provided configured to provide
channel management in a wireless network for both access points (APs) and
wireless transmit receive units (WTRUs) capable of wireless communications
with the APs over wireless channels. A receiver is configured to receive
unserved traffic demand data received from WTRUs located within a wireless
service range of the AP. The AP preferably has a processor configured to
calculate a service load indicator based on unserved traffic demand data
received from WTRUs. A transmitter is included that is configured to
advertise the service load indicator to WIRUs within the AP wireless service
range whereby WTRUs located within the AP wireless service range of the AP

can use the advertised service load indicator to assist in selection of an AP
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contention and contention free queues of the medium access control
(MAC) layer and the processor is configured to determine contention

Wtrazr(l}ggnoit lggfue- size (CTQS) data representing unserved, q)%efggsdzgr(%fggcz 05
SHShA fof the contention gueue, contention free transmit queue-size ™
(CFTQS) data representing unserved, queued traffic demand for the

contention free queue and total transmit queue-size (TQS d%faae .
WiapFERiShtha KA A R8P ER R En ?o?“ﬁﬁlt?grfg%i Sfgeever

isOpRMes Bfa MadiureRteesscrtral (MAGY laysrici0084] SutiaonTREn

referably,alsq includes a receiver configured to receive fr ice
o Aty SRR DR o A g i Fror e
saAfTde UmByrthead®s vrdiveddnomlthepiRylie d g sdideeiniars rgarding

aireless o igation hasedion Reresciveh lead ndisalorndAARAl e

access polnt (AP) can’be provided configured to provide channel
anagement in a wireless network for both access points (APs) and
[obiseless trapsimisiasainests-HN EREiseapatlesafinieelass unit (WTRU)
communications with the APs(?ver wireless c(?annels. A recejfve i

i GARGAPEA 0 e CATEE RS R AR dormand Hata  aeahad hom Wi RUs
dldoatédyvithisa windlesstd@BRE BhedVoithehap 2 ThecarqresefubiyeHds

dgtg I’OC%%SOI’ CQQ%%U

ol red {0, caloulatesa)sendselqadindigatobasad Asaid
unserved trali%c

mand data received from WTRUSs. A transmitter is

DiRchyded wiaenstEpaigiratto Hajeride HeJERAEsBa HERamrISe als

AWTRSWithinthe AR winglegersorded tregewhalebyRRTRIS loddtdine

_within the AP wireless servige range of the AP_can use the.advertised.
iasinet 1o4d TRATorfo QL8RS e(?l‘éc%lgﬁeof %’ﬁl}&ﬁa%}i’g \7%“5%0%/%%%?4

T 15065032605 vithravsicittdaterfducaawif dlesSVE3Hhin wRRIALbIELY
ALkous eﬁnwA‘tﬁ)l’ d£ﬁ$ \{?@ﬂstﬁ%eﬁ%%b'm%agg@%p {eqeiiaadverised
service load indicators from other APs and the processor is preferc';16l2)¥ll¥RU

coofiyueddtito Uisesteiaity onredivebiyresteairth iICArS rresh dhsr
&%@%ﬁﬁ§%ﬂ%§§mﬁ@0ﬁ9ﬂfg regassingogisassasintifigopaiatbiel/of the

associated WTRUSs from communicatié)ns with the .AP
createst time spent trying to transmit

ata when said average DR and said
average PER are greater than given thresholds.

10083] In such a WTRU, the processor is preferably configured to
average the DR and the PER over a time interval of the order of thirty seconds
and the transceiver is configured to periodically receive and update the
memory with comparative values reflecting wasted time spent tryving to
transmit data for each WTRU operatively associated with the WIRU .

[0084] In such a WTRU, the processor may also be configured to
determine a comparative wasted time value by measuring the time it takes
the WTRU to receive either a successful acknowledge (ACK) or negative
acknowledgment (NACK) responsive to a transmitted data packet, summing

the measured times during a beacon period and normelizing the sum by the

beacon period. The transceiver is then preferably configured to periodically
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[008_2] In another embodiment, a wireless transmit receive unit (WTRU) is
configured to manage congestion in a wireless communication system

efined by a base service set (BBS). The WTRU h

wg 24 (e/931 4 : . ' as a Propesasogs
conﬁéure% to d_etermlne an in-base service set (in-BSS) de%%rrafgﬁg%gﬂ(}[gﬂ}f
and average said DR over a given time interval. Preferably, the processor

is configured to also determine packet error rate (PER) and average said
ErSFRiSAFERRY ARRPIRIARAIY R AR éngoﬁﬁﬁﬁ%ggé% %n\éotﬁ?gggaﬁ?/e

tr¥AkES delieciinehwaBTERIUIME Spent trying to transmit data for each of the
O e A oo R oG et oA B e e

luded ured to disassociate operatively associated
trivER sdreivetia TR OVEBRIm Enereciing anFrRes Rafhd B Sfehick

tog%ﬁﬁﬁ%t%éﬁ@&éec%%ﬁﬁ%\{@a%foﬁl en areateskimesspenhinmiglaaasniy

ata when said average DR and sajd average P e greater than .
G RS OB P PR AR rod et B preresonny”
cdiﬂng!g@d Fﬁ%c@ﬁ&f@%iﬂ&@t@&&aﬁwﬁtheiﬁﬁﬁre\ce‘roahtémémstewmmfemer is
. order irty secands and the transceiver j igured to pefigdigally
RGN L W O BTG Sl i, e i
reveistell tidverspedt inpidgitdicamsmiraatatorre defF WIR Jopetstveny a0

@ Sus% %@f&%"&%‘é‘%ﬂ%@%&i ot0084 LR shRba VAT Bhbhdherproeeasdidnad

so be configured to determine a comparative wasted time value by .
medisaiing e (SO IFBAITRU ek BREF a LlcResitr™”
c?%@@ﬂ%kf@f%e(ﬁ@%bﬂﬁr RegRtivesdcknaryedgment (AESK]respopsivEdosa
_transmitted data packet, summing the measured i g a be

i, QF RS 5‘?18936‘&?1 gﬂ%ﬁﬁ&%he%u%aﬁ%ﬁ%g%%g%%rﬁ f)eesr%gv.%:?#e t%nsceilceornis
[des] preferahlywdnfig i@ drepesustivatsr may\hocpobsyged gaadvertise a

16 TILSRA08/092008 diansmlk eHitin BRPRAEALYEaesBHIcsHaT the
wasted time spent'trying to transmit data to other WTRUS'af[:fOSS] An

R ceboimpAFerEy BseiBeTERf deRE a6 s SR POR 48 RIS » M
1ISQeMeSIAtoRSLATRUSs) dnseiecting: ahaesess potatibl luith of lieh Al is
AR L e M e S S S S M R DL S QU R
configured to determine a communication load of the AP by measuring delay
between a time when a data packet is ready for transmission and a time when
the packet is actually transmitted to a WIRU, averaging said delay over a
_given period, and utilizing the average delay to indicate load.

[0087] In another embodiment, & base station is configured to
disassociate WTRUs from operative association therewith when a congestion
condition is detected in a wireless network. The base station has a processor
configured to determine wasted time (Tw) spent attempting to
transmit/retransmit unacknowledged packets for each associated WIRU and
to normalize wasted time Tw for each associated WIRU over a given time
period. A memory is provided that is configured to gtore a list of associated
WTRUs and their respective normalized wasted times. A {ransceiver is

configured to disassociate WIRUs to relieve said congestion based on their
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providing it with selectively configured components. Preferably, a receiver
is configured to receiving advertised load indicators of other APs. A

roce is included that is configured to compare a com ication |
R D et

with received advertised load indicators from other
determine an adjusted load of the AP based on said comparison. A

transmitter is configured to advertise the aw QP load to WIT| %;Ufw s
rqsRefE P ROTME jreR SR P I RS GRR Pl Briodc A P Rty sa
JGQnpaHngand detesmiaig, aperatioas:onioreerfigunpd ateadd doprhiitt to

trgnsmitter advertises to WTRUs., [0086] Ir ransmitench
S B BT TBE dTO R B O e P v e et RSN Gt
adléteiming sdhtthedbmmsnlestisrasted Braseiamon bReddimmaial toiie
a@{@g\éﬁ{ﬂgﬁﬂ? égg%%&egﬁ?m%gquvertise a high load when the

proces etermines that the communicafion load of the AP is tﬁiggs

[0Q¥8bared tHHRE BieiiscdIBRA St STHEFAPS RIS CIHETSELG &h e
egg?ﬂg@,r%@l&@, deterniResaEammudibatiardaad of:tffe AR bperesisedingnt,
elay between a time when ata packet,is r : {SS|
B REH DAL RSEISEN, LoLon o ok WG Sueiaging oot
. delayroveTie BERhgetiddrand ctilkiing théoamader deldy @ ineRtatrtion
loau 'al;c%)r§ ! J{R}ﬁé‘%@&r enpediment, adasersiationsis caphigired dBows an
ffi8associate WTRUSs from operative association therewith V%%e a .
comoplstioh oriRIBRTS HURIERHIH A eI BT N Balk SEAFT
iRasa;processor configured to determine wasted time (Tw) spent
attempting to_trapnsmiy/refransmit.unacknpwledge ts o h.
BOE L ated VAR LEEREE 3 S0, AL b Al TEhS PoTor o el
MR Veld givhn SmeiopdimthtAehé inonpasnppoddesiom s genttigiinesr

%ﬁa%t%g'%‘a!éé ‘%&gsc%?ﬁ%%%b\égﬁléi‘.@@%ﬁ?f‘éﬁ%?%%h&ﬁt@@rﬁi@ﬂ@ﬁls BSS.

wasted times. A transcelver is configured to disassociate WTRUSs to

e Rsatite comgeshiciineaed sAtREIPI T Gro06RIBR 1435 00 response
PCTAIS2005/033605,yespactive nexaatired wasegdsoesiwiamsyanted,
e L SR aRRAG o a
igeeasing delay associated with retransmissions such

[0080] The Channel Utilization field is defined as the percentage of time
the AP sensed the medium busy, as indicated by either the physical or virtual
carrier sense mechanism. This percentage is represented as a moving average
of ((channel busy time/dot11ChannelUtilizationBeaconIntervals ™
dot11BeaconPeriod * 1024)) *255), where channel busy time is defined to be
the number of microseconds during which the carrier sense mechanism has
indicated a channel busy indication, and
dot11ChannelUtilizationBeaconIntervals  represents  the number  of
consecutive beacon intervals during which the average should be calculated.
The Channel Utilization field shall not be present in beacon or probe response
frames if dotilQoSOptionImplemented, dot11QBSSLoadlmplemented, and
dot11RadioMeasurementEnabled are all true.
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as by being configured to calculate wasted transmission time (Tw) of
WTRUs according to the formula set forth above. [0088] IEEE 802.11e

supports several access categories such as, f ' i
W 29}56/ 336 gor s, for example, .
este orﬁ and background traffic. In one embodiment, thg{%ﬁ%%%ﬁgﬁ&éob

invention preferably utilizes the AP service load per access category. The
BSS Load element contains information on the current stati

(OBSic lovell A BeSITaTobeph TNELBEES: FIGLFS 5 GROWR B e of

- 1eerIe . n-example of
1ethe slementdniaunation figldeinmatesrdakreeshitl theipsesentringeatisple

[0089] The Length field shall be set to the number of.ogtels. i :
e el L el e e e Sl s e e 4P
isiniggesrtbatiingicates ﬂxertSMnﬂ?hﬂaeabﬂesbA’@mn&ﬂ}l%é&cﬁg{@é Atk

this BSS . The Station Gount field shall oqtbe.preseatism harsandliny abe

lor%m mically scale
sponse frames If, purely by way of example

DORtIgusOtihprple nted BRATOB SR BRI AN ERag GhY Toady ot
SotiRadioMeasurepaentEnagehara alhdiers) [0090] THe=Channd| packet

Utilization field is defined as the percentage of time the A
tﬁ%ﬁmﬁﬁfﬁﬁsﬁaﬁg Hifcated®y e %er %eétl?p Voica %%%ﬁjﬁ cag}{r}i%ﬁ%g%%ea
vEeshaispshElispesentay 6.5 replesentechay dakiovimgeacerhge of ms.

channel time/(dotli Hlizagi . .
R R AP s iagan, s ot
The thisnubbekell indiestctimisthn iy IR hobindtdehds fe " the

Agﬁeﬁié%ﬂi%mei%&aa%@ﬁﬁaﬁaeﬂnbaﬁﬂnamﬂgm@m for all transmit

ot

annelUtilizationBeacon|nteyvals represents the num :
m&&%b@%ﬁ?ﬁfé?vﬁ}g%ﬂﬂﬁﬂﬂfgg the %{3\/35’%35%13 e§ u%%ge window,
Srlculatednifha&bannatisilization fisidisivall Hot becpresefelriboarertsp

probe response frames,if dotll tionimpl e

- d least
I&S%i‘f@@ Nl p%}é%?ileﬁfﬁébd %@1% 9§ otgl)lill%adi(%e I\%%}s;urerﬁgﬁeta?;ﬁe%o aer&(;S
200tpzeke2d WO 2006/031834 PCT/11S20051032605 [0091] The AP

rgfsvice Loaghshall he.a sealardpdicalion ebibrdelpivg clements may be
provided in the BSS Load only at QoS enhanced APs (QAPs). The AC Service
Loaé shall be & scalar indication of the Average Access Delay (AAD) at a QAP
for services of the indicated Access Category. A low value shall indicate
shorter access delay than a higher value, The value 0 shall indicate that this
QAP is not curremtly providing services of the indicated AC. The values
between O and 254 shall be a logarithmically scaled representation of the
average medium access delay for transmitted packets in the indicated AC
measured from the time the EDCF packet is ready for transmission (i.e.
begins CSMA/CA access) uniil the actual packet transmission start time. A
value of 1 shall represent a 50 ps delay while a value of 253 shall represent a
5.5 ms delay or any delay greater than 5.5 ms. The value 254 shall indicate
that services at the indicated AC are currently blocked or éuspemded. The
value 255 shall indicate that the AC Service Load is not available.
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level of service loading at an AP. A low value shall indicate more available
service capacity than a higher value. The value 0 shall indicate that this
WAI;G {}lgﬂr%%ﬁurrgntly serving any STA. The values between 9@15’95%?(% /ﬁﬁ%us
€ a logarithmically scaled representation of the average medium access
delay for DCF transmitted packets measured from the time the DCF

packet is ready for transmission (i.e, begins CSMA/CA access ILt
[00Q%0al packBe BARHHAILBITASTATE %?ﬁ%@qﬁg}% PR rgﬁ?gssgefr&:?%%%%
aldelayswilg-akyal ue bahdiskial rePresentBIET measlayedramsieersy a

greater than 5.5 ms. The valye 254 |.indic i1 P-satvice
PrEAEieNTRIRE %367@?%Wé5\‘/1§% Sszasﬁg; a #ﬁw%éicate %hg%%ggﬁ%%@%%rsice
windad iSThot avaitatido Hee AwRrelss Mediasuacessd ddamgeathBenbabihns

o HERRP delay fQrAlLlansmit, PACkE!S PipLRGE aveessaNeshaniseavar
a predetermined time window, such as a thi%secq%gg mgaﬁureemﬁen‘tmt
papdprrhl, Treatiedras PRSP yaFalR Thetfiuit L atksSHe) %

e /-

1ROGRS Qlehatteswheingveragad ovedisttizast 20D packefse [6RKThefet

Access Category (AC) Service Loa rovided.i
S S R R S R G G
nbied gestlahindidatiortoftheinEiggesAté endDEl agreArDY ided (YRP2For™

services of the ingdicat , Atgwivalug shalindicatele of
“Shorter aé]gg%egs%éagg%?t%%ré ggﬁgibe@rqﬁ%%?&me value 0 shall indicg?é@that
Afpleeroaixg not currently providing services of the indicated AC. The

values between 0 and 254 shall be a logarithmically scaled
representation of the average medium access delay for transmitted
packets in the indicated AC _measured from the time the EDCF packet is

ready for transmisg{apdiechegpsyGaA/CA acceagiuntil the actual

packet transmission-start-time--A—valve-of-Hishaltrepresenta 50 is delay

while a value of 253 shaBespBfenit a 5.5 ms delay 8r any delay greater

than 5.5 ms. The valtige 254 shalll:i;lr&dlcate thiat services at the indicated
AC are currently blocke P 8F1588ed. Thel value 255 shallindicate that

the AC Service|Load is not wygilable. -22 WO 2006/331834
PCT/US2005/032665

Voice 3
Reserved 4-255
Tahle 1
6054] Referring now te Figure 12, there is ghown a communication

station 100 configured in accordance with the present invention. It is noted
that the communication station 100 may be an access point (AP), WTRU, or
any other type of device capable of operating in a wireless environment. The
communication station 100 preferably includes a receiver 102 configured to
receive unserved traffic demand data from WTRUs located within a wireless
service range 108 of the communication station 100. The communication.
station 100 also includes a précessor 104, The processor 104 is preferably
coupled to the receiver 102 and is configured to calculate a BSS load element

for each of plurality of access categories. The communication station 100 also

A



[0093] The QAP shall measure and average the medium access delay for
all transmit packets of the indicated AC using EDCF access mechanism

WiV r(‘)(%ﬁggijetermlned time window, such as a continuous Fp{r{“)/u%‘f(ﬁ%%(}%es
measurement window. The accuracy for the average medium access

delay shall be +/- 200 ps or better when averaged over at least 200
~ packets. The AC Service load is preferably formatted as shown.in Figure
S plietatbag (i R
adRgication{ACRsanddhe seleardioctathtontainiagyibe measurd@%ahfie dfe
the AAD for the indic o I fets shoving
CHEgUrRYT Ogngbi%c’élraéit{%é:oe%g Just%gag%egf%grﬁé%%r%%ﬁ\% other Qctg‘%lﬁ
othey denutilizied HipabitatioolrszanEsanesT wedien ) AERELy the

s&@%@egf’ﬂdéfgéf‘&l iBeshiiiah R Backasetsndiioh Videeny MoERi8g them

Reserved 4-255 Table 1%})0%%Referring now to Figure 12, there is
vl ERdAsH tRFeatia® Qaftiv100 configured in accordance with the

[gresent inveptiiithésfioted that the communication station 100 may be

an access point (AP), WT or ot f ' o
{%%qé%ating ina Wir&é%%%%cg%tn%%%%ﬁgﬁ ééér%%%ﬁgr?i%% %ﬁ%%%%%%?gg fes

nptefedalsty instirése reetivek 10MicohifigrEdnhreserse opsdp e samRd
wf'h?éﬂa%g%‘Aﬁ%&%MJBH%AQW@W@WMM%@%Q@Memgca%ﬁ

e communication station 100. The communication station 100 aJso

il eRe a0BROTABOF TOLEST HE PRBEks SCARRTASR G STERIRS RotHiB o e
eseiver o2 and isccapfiguresttossalawiateya BSS load element for each

of plurality of access categqries. The c unicati s@yﬁ 0Q alsQi 9
10987b006/0%1 834 T B A B 5008 oS Zptransm%t%r 1%6?’11?1%%
deaesiniierthoGésireferabip dontiguiieW iR Us within a service range of the

first AP.

[0098] 3. The method of any preceding embodiment further
comprising selecting an AP by the WITRU based on the service load indicator.
[0099] 4, The method of any preceding embodiment wherein the
service load indicator is an indication of average access delay at the first AP,
[00100! 5. The method of embodiment 4, wherein the average access
delay is measured in a predetermined time period.

[00101] 6. The method of embodiment 5, wherein the time period is
thirty (30) seconds.

[00102] 7. The method of any preceding embodiment wherein the
access categories include voice, video, best effort, and/or background traffic.
[00103] 8, The method of any preceding embodiment further
comprising receiving the advertised service load indicator from by a second
AP,

[00104] 9. The method of embodiment 8, further comprising using the
advertised service load indicator in deciding disassociation of WITRUs by the
second AP.
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advertise the BSS load element within a service range 108 of the
communication station 100. The BSS load element may then be received

W%y%ﬂg%%sggmmumcatlon stations (e.g. access pplnts aqd/o&%}é}fﬁ%&%ﬁm 605
within the ~Service range 108 of the communication station ereby

providing them with information regarding the BSS. [0095] Embodiments

[0096] 1. A method for providing channe] mana ent in a wireless
(RBARork for Bptin AR RURRO R RSB EY DE e b R o
AWiplassotians it TRCRiveitin it YIRS R sjadte tbb wistssioad indicator

commupications with each other on wirelass CHARRGls. GAANSIRY by the
fr@%&%éa Iészé?%/]i’@el a8 Hdica (;E? by a |£rst AP for each access categgry.
s¢0@9V 2. The method of embodiment 1 further comprising advertising the

g?ﬂt{ e loaq jndicgipr fQ WTIRLswithira sehdgers@nge Ofgiteidirsichihnel
0098] 3. The method of any preceding embodime tfurtfg%&&om%r,ising

RS EAPRG AP AIOTIG EO\Y TREP L B BTSRRI TS R S RS F0099]

idoi07e methed of iy aecesingahidbdimentiyhereirptiengervicerigadsor
indjcator. is an. indication of.average elay.a irst. 00100]
¢ Ig‘il’ﬁér eﬂw%aé%l?ae%% Sdimen (}E w %ir%%gfhfg avéra%%agascgces%gggl[ay IS

[otaaslred ih% prédetediiined thng penseellifon10EpedimpinsoBETSIRE 2

Smbodiment Bauhereindheaimsnenad isAhiy 150 seanads: [ROIOZRUS
he method of any preceding embodiment wherein the access categories
Withir Ehooice™iAaIesS BESEEFH&nd/or background traffic. [00103] 8. The

eitmd of any premeding esnbadinmeatdiinhesndantiprisiigrbestbingtA& Us
adverfised senicg joad indicator from by 2 3500 AR, 00104 9aTGised
]ﬁ?éfﬁédvb %ﬁo%r#ewnjtr ,%Srt%er comprising using the advertised service
deadentbedtindivatecitings sisabs eclatiaemot\aT R sH{TEisaconepadcid
wireless communication.

[00116] 15. The AP of any preceding embodiment comprising a
receiver configured to receive advertised service load indicators from other
APs,

100111] 16. The AP of any preceding embodiment, wherein the
processor is configured to use the advertised service load indicators received
from other APs to assist in decisions regarding disassociating WIRUs with
the AP.

[00112] 17. A wireless transmit/receive unit (WTRU) configured to
provide channel management in a wireless network according to a method of
any of the preceding embodiments.

[00113] 18. The WTRU of embodiment 17 comprising a receiver for
receiving a service load indicator for each access category from. an AP.

100114} 19. The WTRU of any of embodiments 17-18 comprising a
processer configured to utilize the service load indicator in selection of an AP

with which to conduct a wireless communication.
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WO 2006/031834 PCT/US2005/032605 [00105] 10. The method of any of
embodiments 8-9, wherein the second AP disassociates WTRUSs with the

second AP where the service load indicator from the first IS,
WO 2006/031834 : = . APP,}%I
ompared to a service load indicator determined by the seon %95/032605

[00106] 11. An access point (AP) configured to provide channel
management according to a method of any of the precedi

n .
e e e
nbfReesseloonigUretWsrEaleniaieiansey iopinasiiadicatantiveacipatess

category. [00108] 13. The AP of a receding emhodiment comprising.a
WSS iff@?‘&’b‘ﬁﬁ%ﬁ}%ﬁstg‘r’g %E%gi%e()%%?s%nrvﬁ%e?gg% n |cae%’r’ o %#{F%%%ga
fivdthiorinenARANisel e seryivevidinges [DELOSpIvicd ket ABSSD dagdoriciaanig

P &rgg(%gg?t%rétl %VBQ%{?& é’é’c@&%ﬁt&%ﬁﬁt&q within the AP wireless service

range o n use the advertised service load indicator to assist,in

[@@1d8lion ofZdn AHRithmrtesfio HorfTRed g eSS cIHtFRicARBIR TS e
dBULEQI L5 ENB AP 16f BRY-RiEEE Ging: BER hodimani rivprisingoas retdiren

configured to recegre advertised eZtervicgce oésld indicators from other APs.

SEIBLE TRREC Fh AP Bt Y BrELEHRG ERB8%iment, wherein the processor
[(®Tonfiguregbto uShthensadtedisel] servicef loamtindiveots ré6ehted rsher

SsHAR gesistndeglions Raaeing fisassacialno WIdsls Wilothe:
. f . 2_] . A'wireless transmit/receive unit (WTRU) configured to
cprovivaichidemetatanaler erhintn tikoRmas AR P A ing o B ey
Ofan0y of the preceding embodiments. [00113] 18. The WTRU of
embodiment 17 comprising a receiver for regeivi service load
[OR%d8lor forfdach g&%é@%&f’g %iyﬁsfr%’?’ﬁhoﬂcﬁlfﬁr@l%"]g FRREW RS
joay @mmWelﬁmﬁm&ﬁ@mm&e@or configured to utilize
5[ vice Iopd Inflealonin, seipalion, PLARAR- o W R GRNAYE Bss
ireféss communication.
load element includes a communication station, AP, or WIRU service load
field, wherein said communication station, AP or WIRU service load field is a
scalar indication of a relative level of service loading at the first
communication station.
[00120] 95. - The method of any of embodiments 20-24 wherein the BSS
Ioad element includes a length field whose value is set to a total number of
octets included in all fields of the BSS load element.
001213 26. The method of any of embodiments 20-25 wherein the BSS
load element further includes a station count field, wherein said station count
field is an unsigned integer that indicates a total number of communication
stations associated with a current BSS.
1001223 27.  The method of any of embodiments 20-26 wherein the first
communication station is a quality of service (QoS) enhanced communication
station (QCS) or QoS enhanced AP (QAP).
(00123} 98. The method of embodiment 27 wherein said BSS load

element further includes an access category (AC) service load field, said AC
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-25 WO 2006/031834 PCT/US2005/032605 [00115] 20. A method for
providing channel management in a wireless network to optimize network

ngl%lhz(j%}ég% :? communlcatlon stations capable; Qf erellessA Cﬁ’%@d&?ﬁ'ﬁ@%
ith"each other on wireless channels, comprising a first communication

station providing a basic service set (BSS) load element for each of a

plurality of access categories. [00116] 21. The, method of embodiment 20,
s ed PO U AATRHSID el S A LR By o ik &

r
scSRIMHMICATIoN Statiaseritinaeseiiteyr 4Ag® phthehkr DCBnem@Nchtion

station. [00117].22. The r(%%éhgge%f any of embodiments 20-21, further
seLg iR S P B Muinication station selecting another

[060PAMUNication SEittomatlib\hishhedémenhBRisherpaste MCREEEd984d
ﬁ%e%i%a%%glﬁi 23, Fag methedobanyafembagimens 203 wheseisd

. element includes an element identification field. [00119] 24.
PaREMEBETERany of embodiments 20-23 wherein the BSS. load element

(gfchegles a gommenicatignotalanyAP eoibHRt S80S loherdialthe four
wherein said cammunication station, AR or WIRIhservice load figldys
s Bl RSO Fhefative erV(Leli S SEic Woadlng(? \ﬂ%ﬁ’ & )

service at the first
bsa;gmumbamma@mquomszormmwlgﬁ“yeks#, anBEaiAeAeD
fﬂ%%%gewggrﬁ{ygﬁ&és load element includes a length field whose value

Is set to a total number of octets included jn all fields ofé@e SS |oad low
[@1aR6ent. [08121] Phe TRERARLADATSY ShyPBPEHBSTIR &its 20 28 MheteiR

ARe BSS. kag slementdudharias uesyaisiatiohighenifididyabherein said

station count_field js an unsigned.integer that indi tojal qumper
[QHRunicatitn s F‘On?%%fgcié’%edm th %Ehcﬁ%%ﬁg %é%éﬁoglgz—%’]ﬂ. Tk%r
cBIetREhef anvhef embodimeits 26: 265nteedithtn@tirstubdinlfa tcatiohs D
station.is a quality of service g, cHpmUiGatiomstatignteld
R g AR FaRRs R RGO meianse
when the QCS or QAP is not providing services for an indicated access

category,

[00128] 83, The method of any preceding embodiment, further
comprising measuring and/or averaging a medium access delay (MAD) value
for all transmit packets of an indicated access category.

[00129} 34 The method of embodiment 33 wherein said MAD value is
measured and/or averaged using an EDCF access mechanism over a
continuous window of time, wherein an averaged MAD has a predetermined
accuracy range and is based on a minimum number of transmit packet delay
measurements.

[00130] 35. The method of embodiment 34 wherein said window of
time is a thirty (30) second measurement window, wherein the predetermined
accuracy range is two-hundred (200) s, and/or wherein said MAD average is
based on at least two-hundred transmit packet delay measurements.

[00181] 3G. The method of any of embodiments 28-35 wherein an AAD

value within a predetermined range of values in one of the four sub-fields is a
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[00123] 28. The method of embodiment 27 wherein said BSS load
element further includes an access category (AC) service load field, said

AC -26 WO 2006/031834 ~ PCT/US2005/032605 servicellg%%f
Wi 20007

iel{gl '
SMAtEdHs four sub-fields, one each for providing a scalarin %&? |50}r81%%%

an average-access-delay (AAD) at the QCS or QAP for services of one of

the access categories. [001241 29. The method of ﬁg&gd'me{wt 28 ., tod
logarempi talvaecaler,icariss A g s Shlu 8d SFeite |£%¥d Sfement -

elemen

péﬁﬁéﬁﬂ ?1%@31@&1&@6& mplesm eategoryaranitetarcis: g MLHAD 1RE1g 30 e Thwed
met of any. of embodiments 28-29 wherein_the four. fiel
R RS ToP Sk A DA T o ARD o b e

, an AAD for background
p¢AlD B@YHieldy arepsdbittedvideo (AADVI) field, and/or an AAD for voice

(GGARVO) fied. [08]26].3% Ehemathpdialany 6 ambedimaents 283 of
wherein a low AAD value indicates a shorter_.access fﬁé%{ than a higher

VAN (aReEVFoD122rP 89 AHE R tHEW SRR o eS8 diAaAts 28-31, further
[GPmPrisingsettingian Adbvalue fana ifstaiboéifoetisuBFieldsitbeanidAD

value of the -field.that is adjacent.and ta the.r. f said f |
R o O 2 B bl o Lo o A el ey 2 desets
Gifegoryt [001RBES3eFheentothodrsticatphrecetingteasp dinte FayUrEber
%?r}l%i ing &&ggg' and/or averaging a medium access delay (MAD)
Nalue ? %n m&gp

or all trans ackets of an indicated access_categdory. 00129 3§.
[a%Sthethoddf erdsdmadindsd wrBrireRiPMABSTERSIE Hig %Wé’all‘e

20/ps1avesages @sing an EDCF access mechanism over a continuous
window of time, Wﬁ?rein veraged MAD has a predetermined. .
[g%%%cy ra‘%n ea ?srﬁsgeogi on 8% iﬁ%{l% OnL]JrIﬁ%%rso trqnsmli%eallgkoeﬁher
detayemansdireAT2nts ufB0EP0§B85! Ths metodagkdrbddiment 34 wherein

r@?%‘_{ indowy, of tirg IS AHIDE3D)ySEcanT MeasHEessen windew, sherein

e predetermined
value of one (1) represents an average MAD of fifty (50) ps.

[00137] 42.  The method of any of embodiments 28-41 wherein an AAD
value of two-hundred and fifty-three (253) represents an average MAD of five
and one-half {5.5) us or greater.

{00138) 43. The method of any of embodiments 28-42 wherein an AAD
value of two-hundred and fifty-four (264) indicates that services at an
indicated access category are currently blocked.

[00139] 44. The method of any of embodiments 28-43 wherein an AAD
value of two-hundred and fifty-five (255) indicates that an AC service load is
not available,

[00140] 45.  The method of any preceding embodiment wherein the
BSS load element further includes a channel utilization field.

[00141] 468. The method of embodiment 45 wherein said channel
utilization field defines a percentage of time the first communication station

sensed a transmit mediuvm as being busy, as indicated by a carrier sense

mechanism.
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accUracy_ range is two-hundred (200) ps, and/or wherein said MAD
average is based on at least two-hundred transmit packet delay

measurements. [001311 36. The method of any of embodiments 28-,_1/35
)

W\?)ﬁ%or%?ﬁ 5% AAD value within a predetermined range of vallied -0he o

Ithe four sub-fields is a -27 WO 2006/031834 PCT/US2005/032605
ogarithmically scaled representation_of an average MAD for trans |tted
[0§HRets in‘dn indibaErtrwk el BRRATRE ﬁ]ﬁa‘@g%@‘é‘m menp
tiltgée@syhfgg%{{gg\,@lg@e an EDCF packet is ready for transm|SS|on untll a
ime the EDCF packet i Ily, transmit 0132 f
108H48bdimetit-36 5@\ ﬁ!&é ‘%’ﬁﬁ%’e% Saﬁljzgs‘%sg rgt]'\?v%atgn Zé}gn g{lg,gggg

is Wﬂﬁﬁ@md@w{fw m@smeqem@@}te&ﬁmeﬁhemémﬁwglpg of a
2RIRRUIENIS 25 SToulicielna PredeteliinRd AB: Ve R Atk lkhoa]
Bur SUb- |nd|cates that a QCS or QAP is not providing services to

pm%@a@ﬁ@@@@%@@%@?%%??ﬁgher priority access category.

%@%@MF%@ he mha%%iogw&ommﬁtaﬂwmmmam peeddtamhinetid
value is zer 135] 4 th f i
s IR LA NS A VA Le R A and

[Sva es re resent aI’IOUS
raveNagEATSities. (DIL3EviBT Hey methodust cfy 2o b asmsliniination-

28-40, Where valu epts..
ARG LR s s o ot

(1QBérein an AAD value of two-hundred and fifty-three (253) represents an
Ryersge MAP of five andieedialip.o) Rabodieates [(D188h8rdhethe

method of any of embodimen wherein an AAD valu
CWBH‘?M?BF@&% RW%F@%%%&?&\%S 2 tha é%ér%f?e’é%‘ir%%e“%f’éi Sareyme
u&ﬁ@ﬁ%gca@i@w%aéemhmmﬂmhadlc[zﬂeieeqhammhbuﬁ:emdwﬁﬁ@hy of
iments 28-43 wherein.an lueof Anpsundeegha fi
@E indica gs thag31 anr%\é%é]grw?#gag{i nggavallable SOARREHT e
channel-utilization-beacon-interval parameter is defined as a number of

603

consecutive beacon intervals during which an average may be calculated.
[00147] 52, The method of any of embodiments 48-51 wherein the
channel utitization field is included in the BSS load element when at least one
of a QoS-Option-Implemented parameter and a PBSS-Load-Implemented
parameter is false.

[00148] 53 A method of determining a medium access delay (MAD)
timing for single access to a communication station, the method comprising
determining a first fime at which a data packet is ready for transmission.
[00149] 54. The method of embodiment 58 wherein said first time is a
time at which a Carrier-Sense Multiple Access / Collision Avoidance
(CSMA/CA) protocol is initiated.

[00150] 55. 'The method of any of embodiments 53-54 comprising
determining a second time at which a transmission request is made to a

physical (PHY) layer transmission process.
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[00140] 45. The method of any preceding embodiment wherein the BSS
load element further includes a channel utilization field. [00141] 46. The
method of embodiment 45 wherein said channel utilization fi in
Wgezﬁc?_gﬁf'é%% of time the first communication station sensed %&%:gjr%%mgftﬁ?ﬁﬁ
medium as being busy, as indicated by a carrier sense mechanism. -28
WO 2006/031834 PCT/US2005/032605 [00142] 47. The method of , .
(9B dimeR46 Wheraretheddcamugd of HPRETRSE R offhg 2 FOPRFES S
dé@é}%ﬁﬂd : ‘%@J’ﬁﬁ&&%&@l ghafiambadiment4Tissherety teetnovihganiedags.
is defined using at least gne parameter selected.from th 0.GAl ggi@g
[Qﬁiéglzhann@rfsbus%]élf)tg'f’ﬁgﬁﬁng c %r?r’%’ﬂ%ﬁ%ea |§n%§éé%%ﬁ(§%3§val
czﬁiatﬂﬂtrmgr,aan_ﬂémka: béxanmmtssi@d parbhnselerofiodgethagt THeW@IHSI 6f
J38Y. CTQI{C% fgt%jelf%}leﬁ{g %%Ozllﬁ whereinssaidumevingaverage is defined as a
prod uct‘o a channel-busy-time parameter and two-hundred fifty-five,
[Q0553! divided: by 3&9{0@?«_@9‘& PEmRNtutRAtYREEacBR- e fORPrsing
RRIAMEIET s ahsacerpeiosngnsk enaithousanthévanty-faurtihid2dne and
. 00145] 50. The method of any of embodiments 48-49 wherein the
ﬁgﬁﬁ%ﬁﬁ’ﬁsy-time parameter is defined as a number of microseconds
(doriy whiciga cafhiersetisel méchagisefi kashintivatdd &3Hdnrehbyssing

indication. [00 . t y . Of 1 = i
TR P oL B A B e i e
awkponisdeatvaberdoa frrerdhistataigRificHER%verage may be

[@vehgﬁfﬂi% i@gl4ﬂ1?2ﬁm§$m%g1adg;ofo@r?ﬁé&aﬂmmsms%&ﬁarem the

rein the channel utilization fjeld is inclu in the, BSS | element

P! BRSO o Qo POt blce A Bar o G s o

RBSRToaktmpiamented parameter is false. [00148] 53. A method of
ining g medjum acces ) timying, f i

@g rtﬁgré%nicatei’?))h sta igﬁl?%%gng%e%%%%%n%%sﬁlgmﬁg Horth Iﬁna%%spt&ﬁet

retransmisgions,

{00157] 1. The method of embodiment 60 comprising determining &
first time at which a data packet enters a medium access control (MAC)
queue.

[006158] 62. The method of any of embodiments 60-61 comprising
determining a second time at which the data packet is at a head of the MAC
gueue.

100159} 63. The method of any of embodiments 60-62 comprising
calculating a MAC queuing delay as a difference between the second time and
the first time. .

[00160] 64. The method of any of embodiments 60-63 comprising
determining a first retransmission timing as a difference between a first
transmission start time and a first transmission end time.

{00161} 85. The method of embodiment 64 wherein said first

transmission start time indicates a commencement of a first transmission of
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determining a first time at which a data packet is ready for transmission.
[00149] 54. The method of embodiment 53 wherein said first time is a
Wtime at which a Carrier-Sense Multiple Access / Collision 8'1% o8 .
protocol is initiated. [00150] 55. The method of any o% 3/032603
embodiments 53-54 comprising determining a second time at which a

GO\ O LS B IS5 S80R 63 S17 B FRE ©

sﬂ:emeg@mﬁmgmm@ﬂimem@@i@actnmﬁsgim@muwﬂegamm-time
ch sajd tra ission request is.a 0QHoZ n}ig%
{%«1} d of yopg%bga?r%é%ts%fg c%(r?w%%é?rﬁiggﬁ (:gnm%ulatiﬁg a?(]%))acketmg

diramarinission srvdraCkeiowistiEoe e oig g s AitimerenbetBurher fard
ssaconddime.and thehird meciR0taakSRelhemetd of any of
embodiments 53-57 comprising calculating atortﬁéac%ess,timin as a

[RfftERNCe BBtweehithesiRPEmE afdt P e, [BTEH 5875 Socond
tfﬁﬁﬁ%ﬂ%ﬁxﬁ%yaﬁ emfoclimeiiscsd Hiceminfsing]l ealtilatingtheeNDind
.timing by subtracting the packet transmissjon. ar.

SRR R O B RoE 150 T BTG T e B Sy aud
mﬁdbmﬁmﬂntsmmrehﬁtﬁénﬁénéiﬁ%ﬁﬁ)rﬁré&%@?ﬁi@%r@té&gg pRrapd

%%%ﬂgg%%%%ﬁ%@?@é&%%&%a(%ﬁﬁé@i$§h@ﬁ%§fé@|g@n{&9&561 60. A

determining a MAD timing for data pagcket retr issions. ,
(QI547] 61. Fho nBHROREH B bR RE BB RRA G ST Phr R B /R
&Eﬂﬁ'xﬁiﬂ[ﬂ%‘igxﬁi NataRackehehiors simegium acéfisomrtiotvAC)en Nth
queue, [00158] 62, The met f any of embaodi ts 60-61 comprising
FROSTATG g‘%’é?c ﬁﬁgaeaal}?\?gh%ﬁnt#euasal% Sg((gkq;]%%'at a head of the

MAGsQueud?. The method of embodiment 68 wherein said Nth

transmission start time commences after a deferral and back-off period and
indicates a commencement of a Nth transmission of the data packet and said
Nth transmission end time indicates a receipt of a transmission
acknowledgement,

[00166] 70. The method of any of embodiments 60-89 comprising
caleulating a total retransmission timing as a sum of the first, second, and
Nth retransmission timings.

[00167] 71.  The method of any of embodiments 60-70 comprising
determining a finished time, said finished time indicating a time at which the
acknowledgement is received.

00168] 79.  The method of any of embodiments 60-71 comprising
caleulating a MAD timing for the data packet as a difference between the
fnished time and the first time, less the MAC queuing delay, less the total
retransmission timing, all divided by N.

[00189] 73.  The method of any of embodiments 20-52 wherein the firs
communication station is an access point (AP) and wherein the features of the

BSS load element are configured for use in and/or by an AP.
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[00159] 63. The method of any of embodiments 60-62 comprising
calculating a MAC queuing delay as a difference between the second time

Wande the figfgt time. [00160] 64. The method of any of embodg)i ;099(3?%0%
gt ﬁg?ﬁg determining a first retransmission timing as a difference” )

between a first transmission start time and a first transmission end time.

[00161] 65. The method of emhodiment 64 wherein said first_transmissien
[OEPtime indicatdd [ &%ﬁ% aﬁﬁg ?gg%r?\ﬁé%loﬁ%?r%%?b%l%&@
{1R0ABTHB3M Pediub 2068 R6O0AMe data packet and said first

issiqn end.time indicate, ' ishfiegt I$SBIORrst
i s o e R
conetivodcetianysaitembs iMERR band sdtHRsig Tertarinfniga Becdrad
JSHARSISHIAR JimiarasAdifiesanegbetween a second transmission
start time and a second transmission ndg e. LO(%l gg T}rl1e meta[}g)dogf
[hPBdimerffs6 whsréred Qgéﬁﬁaﬂfet%?i {’Tr%i?%lcl)lnss A tme commences
1pétenR dafemalapstpackcafiope indabior Tyhc@tEBHE.commencement of a

d trangmissign of the data.packet-and, said second Fangmissi@nthe
@ﬁf#‘ne in ic‘atessiqéecé?l%%%%r‘?ﬁoag io? second transmission without
creceivirigedidrasisiissionaddhowledgement. [00164] 68. The method of

a9 embadiments 60:67,60mprisingodetspainnc:an btvekansenissicn
timing as a difference between an Nth transmission start time and a Nth

wpmavTissBAReTiatinhds OLE5169. The method of embodiment 68
(ohersin saidd\th Aransmissiesw@Entdiavtosononfenced adfte perdidferchhang!
back-off period and indicates a commencement of a:Nth transmyissian k.
PR R REPARTE 1Y aﬁ%’hot?;angnxﬁg%sl?gfsre%d Ii[r‘i%)nge indicates a receipt of
transmission acknowledgement. [00166] 70. The method of any of

mbRdiments, 60-69, comprising.¢Rlcuiatng srteiabsalransTsvenieing a
as a sum of the first, second, and Nth &ettr?&q?sﬁrclq%%l%g}!y@g% eom other
receiver configured to receive unserve
communication stations located within a wireless service range of said
communication station.

1001771 81. The communication station of any of embodiments 79-80
comprising a processor configured to caleulate a BSS load element for each of
a plurality of access categories.

[00178] 89. The communication station of any of embodiments 79-81
comprising a transmitter configured to advertise the BSS load element to the
other communication stations within a service range of said communication
station.

(001791 83. The communication station of any of embodiments 79-82
wherein the receiver is configured to receive advertised BSS load elements
from other communication stations.

100180] 84. The communication station of any of embodiments 78-83

wherein the processor is further configured to utilize the received BSS load
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[00167] 71. The method of any of embodiments 60-70 comprising

determining a finished time, said finished time indicating a time at which

the acknowledgement is received. [00168] 72. The metho% % f .
We RS diE s 60-71 comprising calculating a MAD timing o‘? ﬁ:g%}%g}szma

packet as a difference between the finished time and the first time, less

the MAC queuing delay, less the total retransmission timing, %.Ilgig/idgdn%y
elerientEabany sthes commmpiatian Brimbh 5y ﬁﬁ%’ﬁ?sc%%%/}%ﬁrei IR SHRE S

1SR galigR.siation dzasi@ccess point (AP) and wherein the features of

the BSS logd element are configured for.use in and/ar by:an-AR - =3E¥0)
S v A A SO B
véimbadinghte 258 valimretadinndé aheddther communication stations is

A5 [0014) Tonthemalbad lanyolamicdibenisaiStanermiodia
ws’?t communication station is a WTRU and wherein the features of the
BYSomaEBIeHHeREEE S TG M tor use by a WTRU. [00172] 76. The

athed of agy, of embedimentscatdb sittsaintmysobitembidénents 79-86
communicatig%sta%?ns in and/or Q.QaStV\é1 i@x% {QQ&@ 77. The method of
BheF BB QiR A BET2Wherdin th :

érein the communication statio_n is an AP.
[000524] 78. She niBihodotanyiciimbvainems sav7el wrhedimpats 79-87

sommunicaton salion (s ANTRUA0LEELAS Acammunication station
con)ﬁgure%yto provide channel management accordlng%to any of the 4
9LBBLS of 8fbodintermBiessigh dorslonE OS] e, SR rune medium

commuRicatipnostatignohambotinentificempisifgamecafenbodiments
- configured to receive unserved traffic demand data from other
EBThAificEtioh stations located within a wireless service range of said
QEMsEInicatin stafioncdfBazE]cation seatiomof avdudinoh forrorasip grid

g%%h@c%@én@%ﬁ%%n is an AP.

[00187] 91. The communication station of embodiment 89 wherein said
communication station is a WTRLU.

100188} 92. The communication station of any of embodiments 90-81
comprising a processor configured to determine medium access delay
according to any of the methods and/or features of embodiments 53-72 and 77-
78.

00189] 93. A method of determining an average MAD timing
evaluated over a predetermined period of duration comprising defining a
period of duration.

[00180] 94. The method of embodiment 93 comprising determining a
total packet transmission duration by summing a packet transmission fime
and a time spent waiting for and/or receiving an acknowledgement for a
quantity of packet transmissions occurring during said period of duration.
[00191} 95. The method of any of embodiments 93-94 wherein packet

transmissions include packet retransmissions.
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comprising a processor configured to calculate a BSS load element for
each of a plurality of access categories. [00178] 82. The communication

station of any of embodiments 79-81 comprising a transmiff nfiqured _
W RUEHER the BSS load element to the other communica}gt%rﬁ%s%%%?]bg%ﬂb

within a service range of said communication station. [00179] 83. The
communication station of any of embodiments 79-82 wherein the recejver

(99 ¥ Hfigurebro réBesvarsthadiisb PBE PloSTREIGHRSRE bk drfepPrsne
AePWRGAtO R SatieRs 0888 8d gl e colitm Ulicatigilwtaiiion of aryest
embodiments 79-83 wherein the processor is further configured to utilize
“BESEved BSS load -32 WO 2006/031834 PCT/US2005/032605
[edasRints fréf otHBrecomtiodiceficmytatonmbvwdisststisoffmuhiaipntotal
e%a I%%%aﬁ%ﬂﬂ@ﬁlggug I5AsRQGANeR g&ﬁ’&ﬁ@ A8 ]cllﬁ%lg Q&ich transmit
C unication’station of any of embodiments 79-84 wherein said

SR Oh Gt TR RIS FeTs K400 886, The communication of any of

[[@ggli%%gin;né%79-%mﬁé§msaw &@mmn;@@ﬁwm idsdationnis 36 Wibikprising
.87. The communication station qf any of embodiments 79-86__ .
SBHBRA 61 16 T TR RS PR BT St
Jihecommunichsiothstatioh ohasniferabodefent 7198 7Troundheipemgdop!
{he.oiner commynisatianalations is a WTRU. [00185] 89. A

communication station con igured to determine medium access delay

R638/dIng tPany Fise MEMSdSHRIHr 9 tTRbedIERB od TNt BBIFNS
Aehids $8 QR BEIRO. JReFAURUMHDIABHP B SEAIRE AL SRBOBANLBbtain

wherein said communication station is an AP. [00187] 91. The
B ATRLARE MO SIIBR- of embodiment 89 wherein said communication

Blatiosl is a WIRUTI0 18892, $heangmuh usmidadibmstdsiofSed Angpafprising
Sé’%é’r%glj:ﬁnzﬁgtﬁ %giglltransmit—queue-deferral time for the plurality of access
categories, wherein said transmit-queue-deferral time includes periods of time
during which the access categories deferred their respective transmissions to
higher priority gueues.

[00197] 101. The method of embodiment 100 comprising subtracting
said total transmit-queue-deferral time from the total difference before said
total difference is divided by the quantity of packet transmissions fo oblain
the average MAD timing.

[00198] 102. A communication station configured to determine MAD
timing according to any of the methods and/or features of embodiments 93-
101.

[00199] 103. The communication station of embodiment 102 comprising
& Processor.

100200} 104. The communication station of any of embodiments 102-103
wherein said communication station is an AP,

{00201] 105. The communication station of any of embodiments 102-103

wherein said communication station is 2 WITRU.
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comprising a processor configured to determine medium access delay
according to any of the methods and/or features of embodiments 53-72
and 77- 78. [00189] 93. A method of determining an averagPe MAD timing _
WaAAEE Bver a predetermined period of duration comprism%'gjesﬁ%?ﬁgsa 03
period of duration. [00190] 94. The method of embodiment 93 comprising
determining a total packet transmission duration by summing a pac L
[092A8missid®8imer aﬁ@@w%ﬁ%ﬁ?%%ﬁﬂﬁ@mﬁ%g&ra@é the
Reknawladgement fora Rabin ahpaskebiransmissioding odeinisg chubiey

said period of duration. [00 Q%SJ 985 d'I'.he me}}kfl(gg of an d%]; egﬁlat?]gggments
capapaiEih RS PhRAE R AR RISEISRS TRATIS packt Tetrarsmissions. -33

[A0DR006/031834TRE FALSAA05/08266B]00 162 pob ot neente U BharfjTof
embodiments 93-95 comp[is] etermining a total empty-transmit-queue

s |r%180%rméu% ﬁ?ﬁﬁ% So% %}E(:;?gésg ﬁc]%%ggories. [00193] 97. The method ogan , of
(b8 dimenrte®6 WhieretmraamicahasystatiinrlERbRdmEn Rl ggherem

sQﬁf&Q Mﬁqgﬁ%%%%ﬁ%%@%:wm?n C(;w(?ues of the tE;lcélz_ess ctatego(éigis
remain empty. | 0 . The method of any of e iments 93-96. 4
[ Hpkising Vﬁhéﬁé@fﬁﬁlﬁ?@%ﬁ ngféetntr%%%%r{ﬁésaﬁgqﬁ u?gtrllo%??ieetotqﬂlae
vaRRdreRsstii-utuetmebadidienthdtotil hansmirsioeddxtioratitifirg
.frgm the periqd of .duratjo ield-a fotal diffprence, [00151 D% HiRrein
! %%]%o of%%%/ 3?3%1@oclrar‘1e%$tssy5§l3-97_ comprising diviQm%nthe total
voiiffersrbe byt the oty sppaekHiaTeRtancHORs Spsb e BgleTge
MAD timing. [00196]400. The methed of any of embodiments 93-99
comprising determining a total transmit-queue-deferral time for the

plurality of access categories, wherein said transmit-queue-deferral time

includes periods of time during which the access categories deferred their
respective transmissions to
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higher priority queues. [00197] 101. The method of embodiment 100
comprising subtracting said total transmit-queue-deferral time from the
total difference before said total difference is divided by the quantity of
packet transmissions to obtain the average MAD timing. [00198] 102. A
communication station configured to determine MAD timing according to
any of the methods and/or features of embodiments 93- 101. [00199] 103.
The communication station of empadinsent 102 comprising a processor.
[00200] 104. The communication station of any of embodiments 102-103
wherein said communication station is an AP. [00201] 105. The
communisedion stetianohanycedsaipinodingnis ﬁ%a@aomnem@ said
comm__unicationlsta%él WTRU. -34 WO 12 %6/ T;‘ 33 g v of
BETRYES GoBT03S 60500 Bi‘fi 3 REOHmaRAcH "as‘%aﬁ“‘%%” O Gupg Yy ©
octets, paffioomeanyofdhendingthods andéer teaipres deSeribédriinanwelithef each octet
indicat ergr&cgg%ng claims and/or comprising any of the features described in any
of the preceding claims. [00203] 107. The communication station of
embodirremdl@éredeatginn sdishcomaganisatioActtationtis anrmpop@{iﬁ@ctqttegory;
108. The commpaieatign é&ﬁ@%’&%ﬁ odimernt Ig]oﬁ’f%"{?%\%ﬂa
communication station is a WTR 0205] Whi is mventlo as been
particutB#yas sovpeamacaeses| BDIWC@T@W&%%%‘FDE@ not available; and
embadimenissdtill heynderstoad by dhesa st e AfPatMaIOUSithin 2
changes in form and details may be made therein without departing from
service fRB%Ek the invention as described hereinabove. -35 CLAIMS 1. A
method for use in an access point (AP), the method comprising:
enerating a service load indicator, the service load indicator includin
}urahn}rl& method of claim | wherein the average access delay is measure durmcr a

predetermined time period.

3. The method of claim 2 wherein the predetermined time period is thirty (30)
seconds.
4, The method of claim 1 wherein the access categories include voice, video, best

effort, and background traffic.

5, The method of claim 1 wherein a value less than 253 in an octet indicates a scaled

representation of an average access delay for the corresponding category.

6. The method of claim 1 wherein a value of 253 in an octet indicates an average

access delay greater than a threshold for the corresponding category.

7. The method of claim | wherein a value of 234 in an octet indicates that a service

for the corresponding access category is unavailable.



octets, each octet corresponding to an access category (AC), wherein a

value of each octet indicates one of: a scaled representation of an

average access delay for the corresponding category; that a service for

the corresponding access category is unavailable; or that an average

access delay for the corresponding category is not available; and

advertising the service load indicator to wireless transmit/receive units

QVTRUs):Withinba service rangeeefithe Affie2 oT e Ingthadoofetl@itidates that an

wherein the average access . delay is measured cLu i]ng a predetermined
aVerage e sSaifi %_r ’fﬁ?ecﬂ’f@ﬁ?é’é' PR WIS HE Bradetermined time

period is thirty (30) seconds. 4. The method of claim | wherein the access

ategories include.vo'%y?videof.best effort, and background traffic. 5. The

ethodix IRGE i th<ere FAValle fess than 253 in an octet indicates a

scalectssepreséntaton oaneverageracedssdialdicdorthbecsmraspdndingdicator
. .category,.6. The method, of clai ' 53.i :
et ARy B, wheren o
value o€enrbsporidingeesteguryl'7. The method of claim | wherein a value of 254

in an octet indli 3 ry r [ .

A e b e T S e S

octet irftirs&tew tratfan havererperbas SGErFHSLIE EorRSPERIIY

category Js,not availaRle 9 4AnAec esS RANARI EQARKSING: R IFPARHION and

configured to generate a service load indicator, the service load indicator .

incRaag EepieRBiigr ottt VRiEh dtetwoiiedpBndMica aiadkdEds within a
serviceGalRAYDLKAKP, Wherein a value of each octet indicates one of., a scaled

representation of an average access delay for the corresponding

category; that a service for the corresponding access category is

unavailahle Agr that amaverageaacess detaydarcthescostgspondiagired during a

category is not ayailable; and a transmitter configured to advertise the
predeteraiAtd 45 PRtfiator to WTRUS within a service range of the AP,

11.  The AP of claim 10 wherein the time period 1s thirty (30) seconds.

12, The AP of claim 9 wherein the access categories include voice, video, best effort,

and background traffic.

13. The AP of claim 9 wherein a vaiue less than 253 in an octet indicates a scaled

representation of an average access delay for the corresponding category.

14,  The AP of claim 9 wherein a value of 253 in an octet indicates an average access

delay greater than a threshold for the corresponding category.

15. The AP of claim 9 wherein a value of 254 in an octet indicates that a service for

the corresponding access category is unavailable.
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10. The AP of claim 9 wherein the average access delay is measured

during a predetermined time period. 11. The AP of claim 10 wherein the

time period is thirty (30) seconds. 12. The AP of claim 9 wherein the

access categories include voice, video, best effort, and background

traffic. 13. The AP of claim 9 wherein a value less than 253 in an octet
indicates a scaled representation of an average access delay for the
¢@rrespaRAding,FalRaary. MerdiRe:ARISS sldRsdWhe iR aldeOh2P 3 dverage

an octet indicates an average access delay greater than a threshold for
access (R ErdspsnERRy paiahEHrees PRt BFYG&Im 9 wherein a value of 254
in an octet indicates that a service for the corresponding access category
is_ unavailable. 37 16. The AP of claim 9 wherein a.value of in_an octet
I icatis AT WoliEeaco U T T EoH isgoAiy LAtbghy i thod
comprifi@gavailable. 17. A method for use in a wireless transmit/receive unit
iWT.RU%, the methgd dc%‘rfrjnprisin L receivin as rvice Itoad intdié;a'%‘oréi the i of
EricBqohdMdiCatstindidhg a %?u?gﬁfi/cof BEets, E5eh CEdy s & pluraiy o
octets, eackespanding:tocmdiagcesacategaor\c{AE) whetdinvdsaiueaof dachbcteth octet
i dicatin%ir?eaé%s one of. a scaled representation of an average access delay for
the corresponding category; that a service for the corresponding access
categonrysis!ethanpaiisdietion thiatredvaveragecacdelsy duldhyefortheonding category;
conespppding calegory s ntaalapie:and Selrring anAtess point
(AP) with which to conduct a wireless'communication based on the
servicethobehinditeroacesss Hekinieribel orsrmding e it alcvedigble; and
cafeanes %&@%m@m%ﬂl Resty efesh AR Pagkaraunhiialicadh based on
The method of claim 17 wherein a value less than 253 in an octet
the serfigideae dngdicséeiled representation of an average access delay for the
corresponding category. 20. The method of claim 17 wherein a value of
253 in an octet indicates an average access delay greater than a

thfeshol 4P THeL Ofre BNy EXtBY R 2AS TS THESHEI DO EraRiqsy Video, best
effort, Wiles@iRovialg:ef:254 in an octet indicates that a service

19, The method of claim 17 wherein a value less than 253 in an octet Indicates a

scaled representation of an average access delay for thé corresponding category.

20. The method of claim 17 wherein a value of 233 in an octet indicates an average

access delay greater than a threshold for the corresponding category.

21. The method of claim 17 wherein a value of 254 in an octet indicates that a service

for the corresponding access category is unavailable.

22, The method of claim 17 wherein a value of 235 in an octet indicates that an

average access delay for the corresponding category is not available.



for the corresponding access category is unavailable. 22. The method of
claim 17 wherein a value of 255 in an octet indicates that an average
access delay for the corresponding category is not available. 38. 23. A
wireless transmit/receive unit (WTRU) configured to receive channel
management information the WTRU comprising: a receiver configured to
receive a service load indicator, the service load indicator including a

pluralityyof optalss et QRIBLCORESRRNAMIT IO AN aRIRSSLAIRIORLEAS) channel
wherein a value of each octet indicates one of: a scaled representation of

manageient SHoypaleels RIAHSPIHY EB%esponding category: that a service
foritheicarrespundidgacerss calegencis waavailadier oftHbakancaVRIERD & dicator

. .access delay for the corresponding category is not available; and _
includifs & BRERID aEOAAS PSR T AE RN BRI RSSO WS o hdbgrein 2
value «d swirkelesst mdmgnicatién based on the service load indicator. 24. The

WTRU of claim 23 Wh%\rein tl'ie access cate%k)lg%f infclu?]e voice, video
; _

best effort and Background traic. 25 The oF KRP IS hRS B Aes0y:

value lgsst thee2&3fim e wuesmdtﬁam@ssmte@bre presevdation; of an
averag %h%?&?ﬁ%?%@%é@égé?ﬁéigg 5302 %Q%Pe%@t%%g ré’a:t@gesorvy-f he, WIRHSe: and

claim 23 wherein a value o In an octet indicatés an"average access
dehigcgreenspaiant activesividaip penese ones Ao dint e atkigbrip. amdphea wircless

commMERHOl £laimh 23 wheteln Ay iR Q254 in an octet indicates that a

service for the corresponding access category is unavailable. 28. The
WTRU of claim 23 wherein a value of 255 in an octet indicates that an

averageREesR delavionthe GaresPandiRe.cateaHs tiavalable. d9co, best

effort, and background traffic.

25. The WTRU of claim 23 wherein a value less than 253 in an octet indicates a

scaled representation of an average access delay for the corresponding category.,

26.  The WTRU of claim 23 wherein a value of 253 in an octet indicates an average

access delay greater than a threshold for the corresponding category.

27.  The WTRU of claim 23 wherein a value of 254 in an octet indicates that a service

for the corresponding access category is unavailable.

28, The WTRU of claim 23 wherein a value of 255 in an octet indicates that an

average access delay for the corresponding category is not available.
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