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[0006] 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 a wireless environment that provides WITRUs with wireless access to
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. WTRUs
include personal communication devices, such as phones, video phones, and
Internet ready phones that have network connections. In addition, WTRUs
include portable personal computing devices, such as PDAs and notebook
computers with wireless modems that have similar network capabilities.

WTRUs that are portable or can otherwise change location are referred to as

mobile units. Generically, base stations are also WIRUs.
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conmputers with wirel ess nodens that have simlar

network capabilities. WIRUs that are portable or can
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units. Generically, base stations are al so
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wherein the systemis subdivided into cells. Each cell
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subdivided into cells. Each cell comprises a Basic Service Set (BSS), which
comprises at least one AP for communicating with one or more WIRUs which
are generally referred to as stations (STAs) 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.
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[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 metrics 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, etc.
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 staﬁon can be alone

on a channel and transmitting all the time. In this case the channel
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systemis classified as experiencing congesti on.
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i ndi cate congestion while another netric wll not.
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[0018] The present invention provides a method for determining and
advertising congestion in a wireless local area network (WLAN) system. The
present invention also provides a method for managing congestion when
congestion is detected. One aspect of the present invention applies to wireless
systems that use CSMA/CA. Preferably, several metrics are 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

preferably include; sorting the set of WTRUs in order of most wasted time



[0018] The present invention provides a nethod for

determ ning and advertising congestion in a wreless
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i nvention also provides a nethod for managi ng

congestion when congestion is detected. One aspect of
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[0022] A more detailed understanding of the invention may be had from
the following description of the preferred embodiments, given by way of

example 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

WLANSs with their corresponding components.
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2000 (CDWVA 2000) systenms. However, the invention has

general applicability to other scenarios as well.
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sel ectively configured WIRUs of various forns. [0022]
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d from WRUs
anga%or providing a service load scalar for advertisement to WTRUs.

[0031] Figure 9 presents a method employed by WI'RUs for selecting a
node based on load scalars provided by neighboring nodes.

[0032] Figure 10 is 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

-6-



and for providing a service |oad scalar for
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packets to transmlt. 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 WTRUs has taken control of the medium (i.e. 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-
BSS 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

-7-



ot her WLAN nodes. [0040] The in-BSS Deferral Rate

represents the percentage of tine that the receiver of
woOhercAB1838 carrier | ocked onto an in-BSS packePCfiusensma32605

packet originating fromone of its associated WIRUs)
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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 S7, sorts
all WTRUs 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 ALGw: set forth below. More specifically, a set
or list of WITRUs 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 (i.e. packet size / packet

transmission rate plus a penalty for each retransmitted packet) is recorded.
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[0044] In the present invention, as shown in Figure 2,

i n-BSS deferral rate nmetric and PER netric are
woespacidzvel y determ ned, at steps Sl and S3 aRdTAIS2005/032605

t hen averaged over a predefined period of tinme (e.g.

30 seconds), at steps S2 and S4, respectively. The

g‘fﬂ‘ﬁ@fﬁ e8€ t@a&r}geglge{ellfﬂg% e[lgjétéllgsg)gmté%& gﬁg‘gggrm{\%ﬁssions, ie.

the PeLdkbirCaineY dudvie thi 'douBBBgdel§ e abngdeation (l)dome{CWY. The
exceeds a first predefined threshold, determ netf{e

pesaliy TGBTesanks s £ dﬁ’aYr m&u@ﬁéé’é&% the §imaothe pac
fof? rt?:grgsflhﬁggnt ) %ﬁ@ %Iﬂg ] Se ﬁefé Qﬁtg%ﬂ?ptéﬁsmﬂs‘ﬁ&{ o¥er the

erirod (e his is an
mecmndumdt‘]nxsrrem‘ansmmemf» nmtn[: G@4B¢rdhet¢1@ph @reafer for stations

gestion,is detected.bas nth .Critemia
Wi CIRGTL ST BYRG BURBIRS BOHRPtcaop sfalShit time
mB6i eI HR%ZEP OGS éé!ébteél bendp&SENt i nvention provides
thefollovvlng actions; first, the AP at step? %@Hﬁj
[081£6] WIRUA exapprle farmnla r\dpte@rrsmng(‘ss@)% itHD® fored is
%Qr(f ahount of tinme spent trying to retransmt. Wasted
Wi s preferably determined in accordance with the

wasted tinme algorithm AL%kts V&%ibh‘v?? ow. More
“(Sfﬁ‘ge%l Cabﬂé@ﬂgzp’ggie Ee t E ) + RTx,,, * Penalty

unacknow edged pack’éfﬂklf’fﬁ a"WI’ g—sum ot all the
wasted tinme spent trying to transmt and re-transm t
whbBg: packet (i.e. packet size / packet transm ssion

rate dJe%}P _ﬂ[ﬁ? Lenal ty f.or.rqatdled Ghiapent tivess Rﬂﬁlﬁﬁgﬁnﬁ #nd

recor e"BBnalty reflects t
associated with retr'§ ERFTy Wr‘%ctimlow e(fg?ﬁé)aﬁng%tﬁg?iaywq‘ﬁéj
due fo the doubli n@]ofpatckét congestion wi ndow (CW. The

penaj ty represent sz theradaedsidalofy”ipuitet ed from the

time,th acket is_g S t tgi e
t he %ﬁé’ é}tp is act ua O?Q%(rnasﬁisl?ngl{”?ﬁ% Z)b@&ﬁ Qﬁef% %

Thi sPketstzapsmi t t |=ﬁs1zmnrbuﬁs of 5" thhensehigsien wfi fi Ige;ckat er
for é@l at,| on wast i ngratnfﬁ‘gsgl %Eéﬁ%mbtpts'o@g’h Q%ﬁ%lﬁsmn of

foll ’f|ISIOnS ransmt tinme netric is
jHpackedti zed over a selected tine period. [0046] An

exanplrg formula for Jdet ghrnin Rghsyassed time for a WIRU

9 is ready

'S 9 \e/néaT)tyby = CW,_, * slot time, e.g. CW,;, = 32 & slot time = 20ps
Note: CW will be 2 x CW,, after first
transmission.

Note that #_pkts, corresponds to the number of unacknowledged

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

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

corresponds to (number of retransmissions + 1).

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



# pktSj \ Pkt size.. wasted _ txtinmenRU = j T +RTX
*Penal ty unackPkts J=I Pkt tx rate y J where: wasted

WO 2006m8m3ku =sum of wasted tinme spent trying t®eCcT/US2005/032605
transm’t and retransm t unacknovvl edged packets to a
WRU |j f h packet i =i h transrri ssi on of j I

h
ARG B hed 3§t6’afc§% PP S PRl SBF Pne the

cohmﬂmwﬁraﬁs@is_sions ﬂ@CABtm&lﬁtorstahdje%bﬁis—\bhajh‘BﬁEBé packet
rate in bps of i'h_transm ssion of " packet RIxI>x =T

has beep successfully etckmewlesepdnan mpt=ardy the: ngpehert pagket re-

2 Ons Note: CWM I be 2 X
g%%Sra%f|f0(r$‘§tglt géﬁgair}os%slzon Note that # pkts }

Correspo rﬂ@GGGBBB&UBBBH&KBGGGﬂGﬁW@ﬁBBB@G&GG
Eransm ssions of a given packet. If the packet is
Péntual |y successfully transmitted, # pktS j

cor respaRdscsagt |y to the nunber of retransni ssions.
If the packet is dropped (i.e. never successfully
tra rﬁﬁ‘@@c@ecr%ﬂsp,kts corresponds to (nunber of

ret r@n ?‘%2%1-{ g,)‘ oohﬁ)%lﬁeAn exanpl e of the wasted

txtlms Y S gl ven bel ow. Assune that an
AP Ms &&ckﬁ@hﬁd@edoﬂ“t%lﬁdratxﬁea particul ar STA Dur| ng

t he cour of the tran ssions,, the AP, npnit
The L85 theetribrpickes "tfé’i%ﬁe FieEe s RARTTRIsE0D gf s Skt
easg,ggg\gteggghguggg and the nunber packet r e
f

nsm ssions as, for exanple, foll ows:
GGGCEEBBBEBBBUGCEEEE  GGEEGEE BBBUGGGEG

Pkt _size,s= 12000 bits

Pkt _tx_rate,, = {11.0, 11.0, 11.0, 5.5, 5.5, 5.5} Mbps

RTx,,* Penalty ={0.0, 640.0, 1280.0, 2560.0, 5120.0, 10240.0} us
The 7th B is the 17tk packet and there were three transmissions of this 17th
packet, i.e. NBBBU.

#_ pkts,, =3

Pkt _size,,= 8000 bits

Pkt _tx_rate,, = {11.0, 11.0, 11.0} Mbps

RTx, * 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) + (12000/5.5e6 + 5120.0) + (12000/5.5¢6 + 10240.0) +
(8000/11e6) + (8000/11e6 + 640.0) + (8000/11¢6 + 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.
-10-



where: ft = rate increase, JJ = rate decrease, G =

acknow edged or "good" frane, B = unacknow edged or
wOhem/o3fg3ane The 1st B is the sixth packet andpChaisen0s/032605

were six transmssions of this sixth (6"\> packet,

I.e.BBB BBB. #_pkts 6 =6 Pkt_size 6 = 12000 bits

Pkt tx rate ={11.0,,.11.

_ 6 , 11.0, 5. 5.5 5 . Vops.
0RAS " Peipresentonsenigfnalso PEakges 1ol obadriitics
in@ﬂl%ﬁ%: Hsdipaddi€lo4d adBrics, thB@ubich ofaskRiatad WTRUkEthe time

were three transm ssions of this 17th packet

thiaBBihe. Hﬁg‘pﬁ;st Poirtt £APPirecejvese all aglnowisdgempnts KAS%KS) (e.g.
ratelL7. =.{11.0 * =

g Sl bt ol a0l 08 Lo

andLAR0B/ctagebiffor MAZDORhbAeG (bagsDo0hetsicd 2000/ Huffeeh +

1280.0 12000/ 5. _
08580 0) T TropmimmaRyan Syt ByvideomroT Bt tpkes into
aércmggz?%‘g%%]’l@a@ & GHO -r@gh'bo(" %%&h%s@sslﬁ@(lh@)syﬁe%@s tHeed to

Preferably, the \ _are sorted from |
pepfeat emty tload nslieddintg (. eve disassasiatiprg7on logthcbgdpagpgm For

olHPee ARG ARTAPISH 1 afL 0230 LU BBttt
alsb Bgh,| 45 tolldetdd bt btups@91gadt310n andl comhpared dvith Gdghboring
PRI R AR TN AN .
By L3 AL P i 0 Pt
all high (step 813). Load shedding is conducted, at step 516 if L1 or L% have
lower advertised loads (step S15B). If the L3 load is less then L1 and L2, the
AP can accept a WRTU, as shown at steps S15A and S17.

[0051] For advertising loading to its stations (WTRUs), an Access Point
(AP) can compare its load relative to neighboring APs, i.e. AP(x) and AP(y), for
example. When an AP load is high compared to the estimated load of its
neighboring APs, then the AP advertises a high load responsive to a
determination at step S15A (Figure 3). When the AP load 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 WTRU 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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fragnentation) related to that packet at the medi um

access control (MAC), and the average buffer MAC
wocecenspansy (based on the size of the buffer). pOD&ESBR005/032605

The present invention further provides a nethod that

takes into account the |load of the neighboring APs in

th m, d, f
(0REG I g FRric fiRel cEBe] 4 o ShabRabeREn Josdds the

avetadP HBratich SAMD) fqGh@HI® é’aﬁechfe tlebheafr ptocedale thHat is
t he " nei ghboring APs i's also hig as collected at

dei:egpmesgnéhd nginmer shawodnghgene %\foa‘ omailightizansrgisaions g an
AP! €Ao lsp&nﬁca&% u?ll&g argeézji]ce q‘? Rehs glg g&liugnf %geélﬁ)elay

si nce er user have m1proba Tty o I ng
insafreddfrehs edhbetitme ia eackdd s L@adndfolrStmnemd;shorhl(gh begins

ste S13). Load sheddi nd S16 if
OBMZPA sichin, on coigr o B BT e Sty SEBRPcryn Over

tHeh %Jéfﬁufno%g Hétet@SSed hﬁnsﬁegs apLis-k2s3, tali\ﬁ éﬁv@ﬁﬁ;n@é D to
U as shown at steps S15A and S17. [ 0051] For

“Hﬂﬂ@%ﬁw§hﬂgsﬂﬁadlng to its stations (WRUs), an Access

Oﬁ)g)rlg S)’rAl ecsi%s&q{lgg% S%]B%%)“ &%g kgk‘ﬁ){léﬂtfeesttﬁg )?.élraiilon needed
toNbgseudd thE Haahdffllﬁ*obedjhec @iip adoatieritiort enésw i sizd esj iheragised

of its nei ghbor.i APs, . then the P d ti hi.gh v .
WSO NI APTACTI S T IS T o oot S fe QST GAE node This

acfé&a'cg Ubers )caséév"%ﬁef'é’| EolfiEioh® %@cﬂxseﬂtﬁ?éi‘ BaRRhEtbdes dfitBe same
st1 mat ed of Its neighbors, the AP advertises a

BSGwot dd’dema‘s@ﬁ& \Jéumng dhdeecsnpdaven iofrp deckefE pragesigre, the

({}ggggé{lﬁ? %Eggﬁ(%b ?Xglrl% ntetﬁllne [a&'%%?txs sgffseer&hjcooﬂe llﬁxs& Fhich

lrli@@%ea _ﬂz% 811?%%(}'11 6f ’?ié&gickﬁfftﬂi?ece‘dﬁw Thiscidititienlhespeetasivers
oade : ium t

the a0 YB3 HMEFRRORIP A PR gRaae fiue oo JETRLEER the e BSS

afidRf n )%fggﬂ) gegﬁﬁss! t LA mbfic BRenCilahd Ei"ox)l@&da &08d thdication

s1 npl erring to a neighboring
of hier edngestiomlashmarghived byl thiginode im éhe!\rBSSs Qg, caquhé consider

B e e L, R OR o PR LS fbar o
nti‘egﬁgu I-gigs;e?@{ ﬁigﬂ arz]heéljdatﬁplel wesreanlpvné PEIR WHe msidcidted afitlethe
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 example, consider the

current IEEE 802.11b standard. The minimum value for a contention window
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WIRU. [ 0053] A netric that gives an indication of the

medium |l oad is the average duration (Avg D) required
woaomwacste t he backoff procedure that is det eparmusenosn32605

t he manner shown in Figure 4 for downlink

transrri ssions at an AP. l\/bre speci fically, this nmetric

re ntsthe |umac del ay i ncuryed. f
(s ST pere o BALL MRy o e meouny R R 1P 0fser -
20N CA HGR&RS, ﬂﬂé"ﬂ%ﬁiﬁ&[‘)re&@lré@ QotéﬂéeuﬁehﬂidJBﬁk]ﬁiff may be
starts transm ssion over the nedium as determni ned at

greatepghanghe2s axigm sive pf tlsq ROV Aceymed dy\VipUEUSPERSIgR S the

S2 0Q54]1 The. 0 . i
L
apimiediontin 1dh@daotd €t aabivityl indbhesédiem. s i ncr eased

whenever _an acknow, edgenent t C d f
[0pe@lei vi ngﬁﬁd&ésow oz pB& OJEM@ loe(i elsl\ﬁ%ﬁ%?rréz%lrgntts in the

co‘fl@é)% o?;t gréégﬁyfnv%hﬁbﬁ indlgg&een nodes of the same BSS
Ss. During the countdown of a backoff
. pﬂ?heédﬂﬂdayembaa:mumhdnfmmaélosuwbm chakicurrepdly avpalable via

d .t h
TS UL 05 e Sk LR s in e
?§£hgﬁfgr%QEEE8802hEl SRS EEERBD2.1lke nmediumi s h| ghly
RIS L TS L 55 00 S B
' @8' h%g&%%gefg arB%of ?P&%ﬁhsr%aﬁ%bl%eﬁﬁ%dgﬁdt&y dahi e pRaled

could conSider sinply using the tine
thxathmrtheampewhSDg 13&sy (channel utilization) as a

i c er,.,.in.an ampl,e ere o i S 3
B ISR o SR BRI RIS IRH fvteimg
t hRRsHMatbh M@n®r receiving | arge anounts of data, the
channel wutilization netric wll not, giv %
[00Rd] cat | Jtheopreseat dpHeRdM Mo aacgRiges uﬁlai gﬁ? dii fggd for
W’ﬂ?U ? GeRAERdn Qn(y\ﬁ?’nse'r{?mg Mdlﬁ%\%lﬁi/ﬁhﬁﬁh' Bome
onl'y ‘suppor

one user. A second user
oﬂﬂletlimﬁaﬁﬁhs:MH mﬁs'tdayuohnemshupiport ed. In the single

e S e DS RS OPBER  BL hSufnFynd

o Wit G oPMa 6i6h lof a'ﬂ&@ér&ﬂlﬂ:akééﬂ P RYesFiofd. WTRU when assessing
handoff options.

e CU is the sum of uplink served load (all WTRUs 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 access unserved uplink traffic

demand (queued traffic load).

[0059] The merits of WTRU uplink traffic loading measurements

(UTLM) in network management include:
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[ 0055] The AvgD netric is a preferred neasure since a

short duration required for the backoff procedure
wondicgatsss a |ightly | oaded nedium where a | ORQT/US2005/032605

duration indicates a heavily | oaded nedium As an

exanpl e, consider the current |EEE 802.11b standard.

The m ni mum value for a c | i ndow(, s 32x20
+ Touf S S A Do b A, Sonens
. m‘éﬂﬁgfé%;ﬁ?:rraﬁ%;&@nd Lhew A Rirh S0Hanae! ﬁa@nsg@ﬁz]gmﬁ

greater than the maxi mum size o
o t HanBeyvedansfit deynariteisduglpahis igsubfoptimeale ount down due

to sensing a .bys ium. This increase. jn durafi

+ WDiRS R Telf SERE epirgin BaeHeR” fephde SdpBls 5 AP to
t h&utSRsH MR on QN add 8oweRERBEehOMt st Erausetiafe. MAC
| oadi ng neasurenents in the context of the present.

« i AParméash to rornege theriebanng fory meximemmirafiic utilization and

i%ﬁfm"@ltér?ﬂick%ﬁml& is not currently available via the
managemnent 1 nformati on base (MB) or via neasurenents

o | Quichied stiplinlar traffieERtS VI Rs aimdlli¢EEE B0asmission Nelays and

i nforpmation i rovided by the present invention,
whpteRt éh%%r%ﬂt‘lg’ﬁros‘*gg%pper | ayers, are not presently

o 4@k AR Re 8F AAQUARUED S tEANATS tiinRMIiSke6h Butfbisprofide a good
scope of 802.11k. |EEE 802. lie has identified
c easete ofiqueuedmiptink(load. as a useful | oading

[ rmati@n item . [0057]. Th asent i [
OpBRD g » A% 115 o T bioh, B EBE it B0 IR B ement.
ﬁ?&ﬁ%}ﬂiﬁﬂ% !w%? aﬂv_ZlAGPMI;B)Vélemdmaﬁ)kn’grahamdir nedffionloaGomamely,

0 e limtatigns of CU inf t i de: '
ot i S5t QBT 0 S8 B Ao ol
NEAERYn @?f%?matiglj ot SRTBRLED (9f itRnROTTORAl lankBiYgued® size

I's useful to WIRU when assessi ng handoff options. CU
(T@S) tvmsistimgodf el sumk o Eoweeationddteq RS Sk gndPpntaption
T 'e,lf&%ferved |oad (AP to all WRUs), also known as

a

ilization. Traffic | oad, however, consists
00611 WO PAQS cosRiinvethd clbéntcMAThduamssize 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 S25, initializes the TQS
counter to zero upon system start up. The WTRU, at step S26, receives a
frame and, at step 827, queues the frame in the MAC layer. At step S28, the
WTRU increments the TQS counter by the number of bytes in the queued
frame. Alternatively, 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 S29, 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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unserved (queued) traffic load. CU presently does not

provi de dynam c, unserved, queued traffic |oad
wonbmrosedsion. [ 0058] The networ k has no currenPCWag2G06/032605

access unserved uplink traffic demand (queued traffic

| oad). [0059] The nerits of WIRU uplink traffic

thp LR g TRENREFLE GhateP G LA B CRPORG CbT AR sount

tocﬁﬁgﬁbér%é%sﬁum S ki dne@r ¥EB bleafdotc AHNBNB cRniedits are
this 1s optimal channel managenent. |f unserved

tramsuhitterl toaredghibors ah ingeded viaan MIB gesy, perarmed theelrigygan

uplink traffic. de is extrenmely useful to enable an
el e?toéglgﬁg?lgég%l |%h upl i nk and” downl i nk segnents of

[0DB3IMe ti The coARMmtiretranemitinagee sive (IRMBeis froplemented as

B A I N -
thge[@fgﬁ‘cﬁﬁh&? td gbﬁyét ARt %};@1‘3{1%3 IThe IMACShy Bt SCHROFTRU, at

olune of data queued in the MAC transm ssion, .
stbpf a8, srepeives de centgotidn nfsamer andf alggtare §3dplgusres dadn the

AR o A ARIEE" BT BRI couner i
1rfcf're&ﬂ3&{ﬂe§11_ gogﬁgz;an hk;mﬂegﬁg b;srfe?ﬁﬁ |t]_5]t_e r&emedrﬁz:méw S ue Size
OB e TR, o St b e BBy 1o . o
e%?u&%%) t Eﬁ?)ﬁ%ﬁﬁ% qyRale pgive 1:%_%@5)wl@&{1 S bpériabighgOf eithi@ Siam the
0 ntention-free TQS (CFTQS) and Contention T

up REHQB)edgedtBade TOB ot iﬁmﬂ@s&ﬁemeaﬁknméecta@?@er PHY

size.in bytes., T n, be | '
o b R T s Rr R YA P anthte B BhPRmbdr of
btek UshHEmittell tefithestiandancknohQedgeds aradet bonvhey the frame is

I | enented by a counter as sh i i Q.
aé{r};pogxtlgcigegz gfte;y i tHRY| lager tqq%t?srg_%gioln.n Eitg ste?)' S%get}yg%RU

communicates the CTQS count to neighboring APs.
[0065] The contention free transmit queue size (CFTQS) is

implemented, as shown in Figure 7, by providing a CFTQS counter wherein
the WTRU, at step S39, initializes the CFTQS counter to zero at system
startup.

[0066] At step S40, the WTRU MAC layer receives a contention-free
frame and, at step S41, queues the frame in the contention free queue (CFQ).
At step S42, the WTRU increments the CFTQS counter by the number of
bytes in the queued frame.

[0067] At step S43, the WTRU transmits a contention-free frame using
the PHY layer and, at step S44, decrements the CFTQS counter by the
number of bytes transmitted in the frame in the unacknowledged mode or
when the frame is acknowledged after the PHY layer transmission. At step
S45 the WTRU communicates the count to neighboring APs.
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counter to zero upon systemstart up. The WIRU, at

step S26, receives a franme and, at step S27, queues
woOhersfosease in the MAC | ayer. At step S28, the YIRWS2005/032605

increnents the TQS counter by the nunber of bytes in

the queued frame. Alternatively, accunulation may use

o@eﬂgf t Wage tefﬁ?{)”' q&@en{\“%gégwn g]l’flgllfl 0h, IBYuiSes e {EAEMIB

nory repracing a present count
infdPfAatnt hwhtéreln ther Awaamlseepsasmacsmym 818} tier fexample,
'S ueued [0062] The WIRU, at st p S29, transmt

respw&webhﬁpwvm%% Mgy ipdiraiatiqrpmclidipg e opase et the TSQ
cPQEShAR EFT beﬂ&t@d A WARTHAP WIRD (CaAE TRMRY L@F for

counter e nunber byt'es transmtted ei t her
exwhqueop@ha{ da’ga,nmhmherapmmm)\umdg@d tradiec, cis oumelingd with

kno f.t.ert
sepvShBania i Sorhes Spruel Fntpea i bhclfade it she urlips and
dolHiBo UeHd, tar@ nebedlaatddnpy ABs. APQSt istern SaOvad, Bat step S50,
elenent. All MB eI errents are transmtted to _neighb

utalizese sk bevved andvppseried ylopdr datante mansgs rh@v@laé‘ﬁ‘e{ >for
oS}y U0 BRI 3y PR, TR0 KBy

triffic Bhoakinige, Tha AR guae adjusiitbecaplinkh end\wduwnlatk se@pents of
S32, initializes th

fraiiy baped AR RCCTS) SPUBR EREAGTE, "hprEras eyt hunel

utiBEfioes a contention frame and, at step S34, queues

It in the contention queue of the MAC | ayer. At step ..
[0888] t he THRQS cortifierations | fer e PENHEGMSHy Athe SoUViSRr l9pding

gl N LR el ARG a5t

ransm rane exa
[oemp] oyi ngNTREJsFihB(y lcarysid envinaaitipleckRs as tanget Hé’rs fomhangoff. If

unack dged th h
RIS cSImer oromiel (Paio Sa (HHCSRIAD e HEGRb gualty, the
MQ@U%HE% thab %%f%lﬂﬁg ablddty ddtermuidoahichf 1sbt)ht965etter AP.

transmtted either in unacknow edged node or when
By renebling APk tovitosti geformptien cenperning pheirtabiignis §?1%Yﬁ “their

ok 38y PR e VLN 9 3l LB Gpanec
uSpRU eass ibeeorftihi#e®) This information is similar to a downlink traffic
queue measurement for the AP modified by any AP specific information
concerning its anticipated capacity.
[0071] The following addresses AP Service Load:
[0072] 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 WITRU”, to “can’t
handle any new services” with a defined middle point indicating that the
served load is optimal. For example: A

0 == Not serving any WIRU (idle AP or WITRU is not an AP)

1 through 254 == scalar indication of AP Service Load.
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i npl enmented, as shown in Figure 7, by providing a
CFTQS counter wherein the WIRU, at step S39,
wonodsiaigszes the CFTQS counter to zero at syst ear/UsS2005/032605
startup. [0066] At step S40, the WIRU MAC | ayer
receives a contention-free frame and, at step $41,

queue the frame in the contentiaon free gueue (CFQ .
ép— [1? PRSP R AR L ABTESS he CFTQS counter by

O(HIQ nu "bEf(a&f bigRation t B fHISUSMIH r et  {OGnfjleAbntation-

step $43, the RUtransmtsacontentlonfree fa
dependanttared Perd ngly be sprdfiedwith epactitade @@@M%ﬁ Fﬁ‘gon to

count
o LR ST T LM L P M B
ndtﬁvoﬂcgllng ﬁdged after the PHY | ayer transni ssion.
p e W onmnu t th t
(OR &b hbor The PRBAAP SHEBES EPRT ¢8% bhgTEaaNL m&ﬁ%%ﬂoﬂwounters
Tmﬂé Qpeggwﬁg’réﬁtnlﬂhezmggt he I\/AC M B i nformation, wherein
P, at ste S46, S47 and S48, for exa

OD%&]pect i AeW&l‘Rf mlmmlw § fﬁm@pﬁathed:hog%%%autﬁﬁget AP,
or re o
nw;ﬁagﬁ(l go Wﬂera 108w 1@€Hﬁng: }e;)g(%lc&fﬁf%%hsl@g{%%ahty,
él\éhd“ash‘a {xf B‘ﬁg,??erﬁ 3:anr1eeenve thaidr aivfemsemsntscfmunnoe]a(xw ATR(y) and
serve raffic _data such h
AP% ERRPSCHYRLY TIEvIY ﬁﬁ?Pgrséﬁcﬂ a%f "H}é{) %&d%l i gtep S54
ﬁ%ﬁégt‘tﬁg BYeit&ie Aﬁ‘P ad®rtSb&RoaO(SINdcalats) Sdrﬁbt}ftwls able to

Izes the served and unserved | oad data to nana
mhke acterivien baset upsrawpparipgnsaef thet AR @dﬁﬁglﬁqdalPF@% r?cﬁlved

ﬁ n} Ségr%eglf'%%au%i" zation and mnimze traffic

y ‘adj ust the uplink and downl i nk
[09ggrent s Tofe AP aeBrichRaddSLpina scaler vetheupid niayt foarfexiample,

d d
berﬁés%@d'ré‘om;’é@.rgé 9L P Bl g heat 4 bR P sy Skl
%ﬁﬁ%&%&iﬂf& @%&&%Sé@ed"én LORiskRUEAh a0 Forl HEinbisle. The

RUs may consi der mul t | le APs
ARs SLasgas}ar ARgy floer cmﬁdd)f as SIhDthvvé)n mbep HIRAA af f'igare 8

a vergise to ﬁl%drllquhl?%nf sesh%{zv%%l stgﬁlgkbﬁy’ the

[0078] The above methods are preferably implemented in selectively
configured WTRUs. For example, a 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 queue size data
representing unserved, queued traffic demand at the respective WTRU. The
transmitter is preferably configured to communicate the queue size data to
access points (APs) of the wireless network whereby a receiving AP utilizes
the queue size data to assist in channel management. In particular, the
processor is configured to initialize at zero a count representing queued data

size at system startup and to increment the count by a number of bytes in a
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WRU needs a capability of being able to determ ne

which is the better AP. By enabling APs to post
wOonbmrosedsiion concerning their ability to serveprPCh®iSR005/032605

exi sting set of WIRUs and their ability to serve

addi tional WRUs, channel usage can be optimzed. This

|nfor n.is slmlar link traffic
HEBCTPERERE TR tP RO BHEP AP ABEUIRAQ laver of

th@fwm@t IPRBreFM$ $ho phékekdot iR BrifihRad eslde@Bateht Yhe count by a

[0071] The follow ng addresses AP Service Load: [0072

npnrhew; o ATteRiB @ Araorerarhienrs fram is dransovitteddox a physical (PHY)
1 uegh?f Wﬂ{f} g?r]aglt fufnaglgfdwc'ﬂa n{q(ag73]As F\n alternative, the

atlve I'n 'on on a ue Ssca
p@@@%@&ﬂﬁtmmﬁgﬁrd{d tradgcrbimest tﬁeacomvtdnypdt @umber ofbytestin a

£G04 b JHe B HEPERITSNH R SMBORTL (TG FAer by TRU

wH therafe hQ@Qeéﬁ a@RldwTBdgedFter@XPAN! #anénissidNot
serving any WIRU (idle AP or WIRU is not an AP) 1

[@0%%Bugh A4 sueh S?C ERU, nidhec meanyols Rpefeahly ceonfigured with
é%t%g{;lgg 5an_d_ Jclgn tf? eaﬁﬁgfésl\)?fq%enﬁl\gdfﬁflvéc%gsss E:(QRZ(ﬁ] (MAC)
ac I'S Bitemis

speti f |ca 'on o
liamlaerdﬁﬁhbqirbmdapﬁmdaﬁtguwajtom@lrm donteiioni framsiniti queve-

exact | a detail ddeflnltlonto bt aj

size| fé?@gw R rePpTeRtELE THSPed, ueHed deptily demignd; f the
cQﬁ‘treh'tlSHl Yueli€! V&‘h'fentﬁ&p7§*19e Theadiaw A8u§§‘é ¥1z6 e (bpad)syanata
be 1 ncluded in MAC dotl | Counters Table or el sewhere in

representBrg OsTERdAqWINRd traffin demandifor shapententionciipe gueue

SRR A RebE e (00RO e S BBk, Heved
tsdf6vdemantifor a B tPaneait daes qiseesl afanlmadm aceameonisol (MAC)

from AP(x), AP(y) and AP(z), respectively shown at
%Y%’ps S51, S52 and S53, and, at step S54 eval uates the

[H@ss3i ved %@WRmférmléﬁncmkﬁr $eced tcbhﬁ I%d to
abl € to make a deci si on based upon conEarlsons of

rageivalfremt APe derderl boadeimdioatats formulated ased on queue s1ze data
received from WTRUs by the APs and a controller configured to select an AP
for wireless communication based on the received load indicators.

[0081] 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 WTRUSs 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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and, at step Sb5 selects an AP. [0077] The AP service
load (SL) is a scalar value and may, for exanple, be
woasmi3gson served and unserved traffic, as wePCTA$2005/032605
other data such as signal quality, and anticipated
capacity, based on statistical data, for exanpl e. The

wifh GO B Y PTGy PRGSO g PR G VLY tegeiver
is gﬂ@f@?aﬁ &ﬁfﬂ%m%ip@o 1[9@&%3]21(1%&158@103&'%15 hdsimliéators from

referably inplemented in selectively configured
otNERAPs dtut tlex anquessorais\IREsTebly penfigatied daruse the adygrbised

se{)vrlge{ﬁaﬁ élgatoréagee QR%H i 3ty £bETS a&%’t"m éﬁc{yons regarding

menor evi ce, a processor
dléa{s@&ﬁmmg @perdfﬁ@lﬁ&é@bm’cdﬁ?\W’ERUSSfrpmeéoemmbhyzatmns with the
configured to provide a queue of data frames for a
di um access control (MAC) | ayer of the WIRU. The

[0§%51CeSSOfy hRotRERERbBRINYerRO B FHsdleattrhAsd R REsTy 8 engUEVERTU)
Si Ze data representing unserved queued traffjc denand

is atonfigerede $pomnngge \WRERStDNe in ra FEiFplet rcownwléﬁté?% piygtem

d to commun e [
%@88& abg T ETVRPSY %ﬁ)heﬁg\neer e; esg1 aﬁe%g{)o@%fﬁ S red to
de'tﬁﬁﬁmé: d10inbhdetdelviee sett (in- Bﬂﬁamfarabra:tat(ERt) candsasnesage $a1d
channel managengent a th
o . 4 Wkl B il 5
ﬁﬁﬂﬁe rie ﬁ@&k%t Sréér ?&teSWERWa%Haéﬁéiﬁg@rBild PERCéHwRiediid time

y a nunb bytes in aframe when_the
1ntemab i 4 mpeswey lbycmflsum%(i;lltamfa& égglpemitﬁ‘f% |Va}wcyeﬂectmg

of t h WIRU. . Pref b
wadhetife b T arieip Shitdlate R H AR WIS operatively
aé(s8(|:_1h§(1):écdlr A WHENVERLT b SBSS anAnirbheditey & pldjsledathat is
ayer o e
e B ot Y en ekl gfoed 1ig P
%ﬁaﬁgtwﬂlbg WRRE hVin ? ané’lﬁf&f coﬁpeﬁ‘)ﬂn@§ vhlhedrefledi®e of the

rane i s transm a physical (PHY)_ |ayer
gx@fatésh i Rpemhiatyintehto tmsmlh dstao whenaghh @W#%ge]aRaﬁmde paid

A Pk 0079] ich
aygags & a%%%g’%%gﬁ%‘%%@n&}?‘??hsyﬁf eﬁt Y\Zl)-r?uanfjhe emery

[0p8Bt enti gn i@ ad WRURY, Ofhd tpeocrée@brute aﬁeﬁssblyomm'rgured to
(MAC) | ayer and the processor

atrsnss oD RuH GRTER OV PEAGIG THREUSF P order o thirty seconds
and the transceiver is configured to periodically receive and update the
memory with comparative values reflecting wasted time spent trying to
transmit data for each WTRU operatively associated with the WITRU .

[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 normalizing the sum by the

beacon period. The transceiver is then preferably configured to periodically
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(CTQS) data representing unserved, queued traffic
demand for the contention queue, contention free
woOnRersa3ig34 queue- si ze (CFTQS) data representi NngPCT/US2005/032605

unserved, queued traffic demand for the contention

free queue and total transmt queue-size (TQS) data

representing unserved, gqueued traffic demand for, all
transgit gl rampsatLe gf Sr@g‘ﬁﬁﬁ%&a‘é&%‘f BRe FREY %,xag to
trd el dafLRPRherWeIRBs WIRU preferably also includes a

receiver configured to receive fromAPs service, | oad
[008fdi cat oAs dwesrupainédABasen alpo deetrnfiguyed datapsist wireless

received.fr WR . t ; :
G5 At TR AR s g
to hRaadctowitdiess’ @eehuaitatioadni movicelesy sompO08ditiomsystem by
N e
coﬁﬁ.%@rgﬂ?@é%@?ﬂﬂ&e%&) 1088 $ndicA D€ 6B othe R ATE. tA ek is

capabl e of wi rel ess comuni cations w&%h,
with

intlnded®babiseconfiguaed i cohparteh oMMy loadsof the

roflied dATeria PP RelTERGR St ALs MRS dRbnine an
adjastoe 16dd sfhme AP baded AFsaid ebmpatisyn.hAsrangmisterss oonfigured
* topabeation Lonaeh R thi 193 LSRR a PR PRV B PrasRyeer s
coé%‘?é?etdl @ eﬁ%xﬁdéﬁéﬂé%ﬁrfdr& k08! i rindadnd SetepRidig operdtidns

_ Ice load indicator to WIRUs within
intdrderz]m wpdatt ébs ledithat branamiidenadrestiyestPRUTR U at ed
in the AP wireless servi 0 .

PR acv % <08k Bkt B REnnfifer 27 beop i1 Ao o
lo%€loatwReh Ghe RpocdBydrt detuhhitles tthat ohel comnaunitatidrebmd of the
communi cation. | n such an AP, %@f receiver, is . .
ABrietas sonpaxegiipithapduentised dead ofeother &P F p2E do dvertisg 2 hish
lohd énng*egﬁ[o%sf%o{‘ HOD- LA tHAPTha RN PItAFERSA of tBe AP is

prefera configured to use the advertised service
highadnipaded 46 thie adertised thaflrdvthethaPs.ABdsa, thegrecsssor gan be

c5SabEr LR E SRR RATRRR A RLACER B bty aoa
bdQQR8R1a timeamRéIg datirbadioitnteady foi tianesdsstismasdittime when

receive unit SWWRU) . . .
the packet is actually transmitted to a WITRU, averaging said delay over a

_given period, and utilizing the average delay to indicate load.

[0087] In another embodiment, a 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 WITRU and
to normalize wasted time Tw for each associated WTRU over a given time
period. A memory is provided that is configured to store a list of associated
WTRUs and their respective normalized wasted times. A transceiver is

configured to disassociate WITRUs to relieve said congestion based on their
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is configured to manage congestion in a wreless
comruni cati on system defi ned by a base service set
wOBB®jo318Be WIRU has a processor configured t OPCT/US2005/032605
determ ne an in-base service set (in-BSS) deferra
rate (DR) and average said DR over a given tine
interval. Preferably, .the process j onfigure .
regpessivearoamalised psket tiges Siherelies LR ﬁ%‘ﬂn%%e?ﬁ%@tsgrfw .
di§§ésgci€%ﬁ Y& PS&LFhly, el pro&dsYe is AnfRURSYtd 8dd a penalty to
configured to store conparative val ues reflecting,
said ive depresentipg incrensingglelay apwpsinted Vet gefrapspigsipnsssuch
the, WIRUs aperajjvel [ i : '
BBE bR PaeeEe b S RRE RERAH Yt Rt B E ) e eRUS
a%%ﬁg 86 tiad PraRdd ééﬂ'hfvbﬁﬂhyalﬁ)Srs.oci ated WIRUs fromthe
commenci ng wi.th a WIRU havi a stored .
(098Rbar at ABER, $ad leorirnoris, &voral HECoGF cZpakyics; fich as: for

eéaQﬁ]glte, Y Qﬂd@o pb SR {aridiPl Ak Saheia Ve agceibdntnt,
sald averdge PER are greater than given thresho] ds.

tﬁd)@?&]ent ninventiom MPRIabbhatilizes dbsoAPi seryies doadyppr access
confi guyyed Ve e the . R ' .

categuyy gf‘heopg%igoa(g{ glgplegp C?%g%@yﬂg&e%g%tg ) al?} §ﬁ% ﬁgnreh{r@tatmn
pbHARG6S] WA SeveQnindysente vpein dhié B8S.y Rigami 1@ shods an

update the nmenory with cqnp ive values reflectin
eyampledof the eleaeit infgrmation Helds, &5 aclordphop Gyt i Present
h&%ﬁﬁoﬁperatively associated with the WIRU . [0084] In
such a WIRU, the processor may al so_be configured to
[aD8%er mi neltee dengtlr dield shallshedet itrehpanwmbpy ofendels g the
félﬂ)ggtgé glf%mst aﬁt}g%%%t‘gogggggrgéélg (1)% ﬁl&e}ép\gtg}:e\?i'egtgqgﬁ uflsigned integer
tﬁ‘%i&ﬂ}l@a@@@ﬂ@é‘totﬁbﬁﬁﬁbdﬁﬁmf verrtntlp ssseisteiltwish thist BSS.
packet, sunm ng the neasured tines during a beacon
Ther Sttican Gomat disld AbAl Reebe RFPHYH e PEREEOH PEPTGfesponse
e r@NSEalyer g n gpr y )SBOSSorIplemented
i N e i
doef 1GRS S hepdlagfledeniede andedot lRpdind easuremasiinakied gre all
to other WIRUs. [0085] An access point AP may also be
t@ﬁhf!gured to assist wireless transmt receive

[%@]' ons NI BHshnbNUSBIze66A figldois decined aisthé percaRtagetdf time

ich to conduct wirel ess conmuni.cati.qn i a,wrele
the YR sansed ithe nggﬂég@nblw, as indicated by either tﬂe physmgl orsx%rtual

carrier sense mechanism. This percentage is represented as a moving average

of ((channel busy time/(dot11ChannelUtilizationBeaconlIntervals ~ *
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 dot11QoSOptionlmplemented, dot11QBSSLoadImplemented, and

dot11RadioMeasurementEnabled are all true.
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providing it with selectively configured conponents.

Preferably, a receiver is configured to receiving
weadvmrosissed | oad i ndicators of other APs. A prBCEIS2005/032605

is included that is configured to conpare a

Icormuni cation | oad of the AP with received adverti sed

oad indicators fromother APs and . to term ng an .
[0088] st edThodd® Servisolse Shalldech St 1%@%%94 ab e pelative

1ex{e1 g%@jﬁ%&%%fd&gge% {Ry UL 5L ihdiBaR0inUES adaifddle

refer t he processor is confi ured

setvde edpanitiycthhh)a ]gghbo rvadlsal The yabver( Algalh irdigete
, ratio t
S G100, Dy e SO SO B P2 g

loéii%}fn‘h%ﬁ]ﬁf' kédl6d répesdetationfofghe aﬁietageaﬂuémm aecegs ldelay for
oad when the Erocessor d ter s ttlgls é\f dv £

D@Brimneeidtedormckeiaanensurad fep fae ﬁ% Sk ip pgady for

tr?r%’ 15\%\%)?16% koag g‘ﬁl OlRAM AL %@aasgp BRMET Hhes eaéulll ghacket

e processor determ nes that the
traasiissionattaointinead\ vhltehef Arhall mpgese@b mphf o delay hile a

adver oad of ot AP Al so C
value obars stPbacrseRl aol RE Seebnany bR EES e PR me.
TP vB Y856 YhhN dngRh&Y nbeldtsnL AP F@rﬂh@ Rapadiyt & avallable

packet is ready for transm ssi on and i me V\hen éﬁ’ée The

Tb@(vhbte z@ skeall, mdlgatprfbﬁtz, e Ay Seyige 1s Bt REY
I}aég su?é/ daag%c\égg e g.mxﬁn:gcc@&é |db17a!ynﬂ)rt hB transmit

ellay to I'n ate | oa 0087] In anot her
p@dﬁ@w Bt DGF basas shatthamsmsomnd irgedesdrmined time window,

di sassociate WIRUs from operati,ve soc

Rhere i R e R A T
m‘@ﬂ{l.?]n e2eesd eV halilhe +h 300 18 @it b&fbrhﬁbelﬁ apsraged poer at least
configured to determ ne wasted tinme (Tw) spent

200 pecksts. ng to transmt/retransmt unacknow edged

[(&ggr ggst I’Iﬁl{a .elfc%?ssa%ﬁ%%&gfg dAWTRY.AAG tIDaA0TIEhE#R may be

or eac soci ated WIRU over a given
plévigeddR! i1RdBSA Ivadumy ias Quibenltaued Hdts (QARDNThgdy(edervice

to store a |ist of. associ WI'RUs d h
Lpad shall jbge ?F&f%a‘lnfikcé ﬁ@‘a %tvelﬁﬁsgf A‘%@? it anﬁl (AAD) at a QAP

sceiver 1s
16008 v ReL esk it %(ﬁ@&%ﬁﬁl&@é@s VEiidsotyo A eloiweveluwakhall indicate

sﬁﬁl?t%iiéée;?éﬁgiimmuﬁ'e{ ol QPReYdSE ORpAGindicats that this
Qﬁﬁ?i? 318(} I(agltn'l%gn’é% gﬁc’rtgwdp 5 fst%i'@i@ésy of {tHE RIARCESP AC. The values
between 0 and 254 shall be a logarlthmlcally 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) until 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 éuspended. The
value 255 shall indicate that the AC Service Load is not available.
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said Tw representing increasing delay associated wth
retransm ssi ons such as by being configured to

woabwBese wasted transmission tinme (Tw) of WIRUE/US2005/032605
according t o the fornmula set forth above. [0088] I|EEE
802. |ie supports several access categories such as,

f or exanpl e, voi.c vi deo, best effqgrt nd_ bac
0058 11 ¢ ThaaforabmsrERianc e pre B mefha PSR UMY Do
all%gﬁﬁﬁﬁiﬂaxkﬁ%iJf%K@ﬁldi&@ed\Rc*;ﬁﬁwg@mCE adeqp8 imahaaim over a

category. The BSS Load_ el enent contains infornation on :
préedesenuinedrtime tveindew, prshuasa PEHinUqusithinty sespad megiyremen

.Ser Vi | evel int Fi.quk 1
wigoyy, 3e Sgincy fort (8 RiEPaac Bl Alkss BB SRARARTR, 00 s
or tHREteR vEB &N iverigedtdven at [1608 F00Thackiebn gtlhef AG| Yersirg| load is

be set to the nunber of qctets .in the follown .
prefenabli fompatbe A8 Vet FUTR g 2 9 PR} St ioguengs, with
th [Fﬁi.'sg Ngdel NbEERAinEhBlle AT BAiQSionheACDt ahd Nt @kcodid octet

As currently associated with this BSS. The Stati on
cofti@iningf fhel meatvabd vabre fdhprAdRder the eiased &C. pHothould be

re nse franes jif. pur fi1e : .
nofSf ol SRR ABEREN: Siptr B! T YpBLICHRT R frided just as an
exafithlél @il Hadbiive aststanen benatilizd. aTeblel 1 showe an] ¢@e®)le of
The Channel Utilization field is defined as the
AQkereofingge of tinme the AP sensed the medi um busy, as
i ndicated by either the physical or virtual carrier
sense nechanism This percentage is represented as a
nmovi ng average of ((channel busy
ti me/ (dot | | Ehanretttiti+zattonBeacpmitervars *
dot | | BeaconPerAeaess@abegory38LC) where dMahnel Busy

time is deffmed—to_be the nunber ¢f m croseconds
duri ng which the c&test Bffodlense nedhani sl has i ndi cat ed

a channel bpsy 1 ndication, ,and

dot | | Channe UtiIizgﬁaﬁﬁ%%%%onlntervals r%pres ts the
nunber of cpnsecuti vey: con internvals during which

t he average|shoul d b§h§§$culatpd The Channe

Utilization|field shafjcdot be present ig; beacgn or
probe respopse

Reserved 4-255
Table 1
[0094] Referring now to Figure 12, there is shown 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), WIRU, 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 processor 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
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frames if dotll QoSOpti onl npl enent ed,
dot | | @BSSLoadl npl enent ed, and
wdabdsloResdis oMeasur ement Enabl ed are al |l true. [ 008¢Y/USb®5/032605
AP Service Load shall be a scalar indication of the
relative | evel of service |oading at an AP. A | ow
. val.ue shall indicate re avail ab servi.ce. capaci t
inelages & %ﬁg%%ttVaF@é. ﬁﬁ%etr%%%{%” b DrefreLY Eired o
au‘gﬁmseA%hbS BYY UA! @MirhohtS SFiviiRg ANYerts. rifige VEOSIes the
etween 0 and 254 shall be a logarithmcally scal ed
comepuwisatiomistatiom L09.h TheVBPS deadrelement saax sher) be ageqiped by

ot Rep AR SBEPNE (GatRPRS Jhis UM E WTRE L Rl e
se@@i@@&‘&ﬂAgél nlt)s |oftt$le canirahicpdak etationah8ritbeteby mowding them
Line, val ue of 1 sh represent a 50 ns delay while

withyafopmagion regarding fhe?%ﬁesent a 5.5 ns delay or any

[Oggg-,_ay ar Eﬂlﬁfdé%n.@ﬁfb 5.5 ms. The val ue 254 shall

I'ndicate no additional AP service capacity is | .
[0896li | abl . ThA methed fosproviding chagnelananagementya gypireless

ervi ce Load.i.s not, avail T I JTEAS YY
n W&rlé\%‘érr QB@W%gn%%Wﬁﬁgélgggggogel{lg)ll)é\%ora a TL’ trang%ibts) and
wRBRKE tFarésiit geddbie anite $WTRIGHanpahlecsfewiraless communications
predeterm ned time wi ndow, such as, a thi ratéé‘tgfecond

wibasthe RERRT QR nyBRlesTfhagRels, SEPPrSIng (FE° Aggervice load

in'&?&ltmeyaﬁ%?§§Aﬁ%ﬁa¥a&1r@céssb:§té‘%?i’y.zoo ms or better when
averaged over at |east 200 packets. n%gOQZ The Access .
[0catkegor y 2( AC) TBer unethodoaef e¢rebediteniiayl béurther, | geypriging

he, .BSS \Load anl t. QS enha@ﬁ%ﬁj .OAPS) - C
a‘%@rW]&’g tk’ﬁasﬁrglﬁ%?(?a%bléﬁgcag%raﬁoar i noélqu zfthl(nogr% %}Vltc%g Engéof the
fiftrge Access Delay (AAD) at a QAP for services of

the indicated Access Category. A |ow. val ue s

|1
[0098] cat e 3shor ibe deeldod & APVt HRATC 1ﬁgg|‘?€}b‘\5-‘i@ﬁ%? fgpther
c%?%@lﬁgg sﬁﬂ:@{ihg !aBdAlS @%%?ﬁ WfRU_hJa%e(Q@E thé s&®ticeddhd exttitator.

ng services o e i ndicated AC. The val ues |
[a0eBhveen @&.andT2s4mehladd obeny presadinghambaflingenic sherein the

r tati f the,. dj
S P RN RS PR G5 by
[dd1eot | me g he HReAmPEHdedf dnsbodemeyt Hpivhierinsite ssiepage access

(i.e. begins CSMN CA access), until the actual packet
delesiris measiend iy axpredetermingd bimae 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 WTRUs by the
second AP.
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value of 1 shall represent a 50 ns delay while a val ue

of 253 shall represent a 5.5 ns delay or any del ay
wgnremtaissthan 5.5 ns. The val ue 254 shal |l i ndi earastiwan326os

services at the indicated AC are currently bl ocked or

suspended The val ue 255 shal | indicate that the AC

LS 383 Bt R SRR L R B g s

AP rd@é&%ﬁ@daiﬁ@%’?fi@sqfnth hBe isBébndA P dvh%@e ke @Qr'v[ﬁ@qﬁadanémstor
mechani sm over a predeterm ned tinme w_ndow, such aa
frowrthe figsiudPtilaw gomspexsedoresesvice iadindicaten deterpined by the

Seacrclzdjégcy for the average medi um access del ay shall be
£P 0O ms or better when averaged over at |east 200

[Opaokiet s. 1Ihe AR Secess c poindadAPs wnﬁgar@bl’go fp:‘pwdpt ehannel
as sho Figure 11,

3t % I'WO o té e ek
mpRRSRe ACSRTdRE £ EtHPA g £ oL TS 5% 89&’8?‘3 S
O"OIT§7seCO‘iQ OCTRL ANt NinshdimentredbUrcethprding of prbiessor
for the indicated AC. It should be noted that the
ccnncﬁgsre;i thealgulate q:s@mc@sloq@wtmfoa.eédp PERRST é%FeFQFSYt as

xamnmpl,g an n t c Hed 1{[ Lg
a1} S5 S BlgR, "R phlite
trieab ivtémn gom@gmted to gudvertis?, t}neh GREVICES 1s¢:bmd9;ator to WTRUs
comruni cat i oglést ation 100 configured in accordance

wiihim th Pt SETHFEARPET. 1t is noted that the

(ﬁﬁ ni qu oONTREAKPOSF ARP preYedifs AMmlTA RSt Rethdrbby AP)[‘RUS
WRU, or any other type of device capable of o raagyl
ldcated withis ﬁmsABrmrel@wwwemege ShtRmAE famorsesthsd ﬁrtlsed

e er ncI

srars 088 FHBEx (O HRARF T BefoBif, U e JO O W €6 cbftuct o
vsﬂlﬁ@@stsezdmmﬁﬂibah@vm rel ess service range 108 of the

communi cation_station 100. Theﬂe@ormumg 4| on,stati on. o, a
[00d30k so 4oncl ddes AF pploddWs AFerese THEPY 1&9&58?1%821 g
rec%lv%ﬂ‘ Ggoﬁfigl%éﬂ &P E‘Q&e@@e LAveRR el QeoVi¥E Nodd Indidgtors from other
conf Igured to calculate a BSS | oad el enent for each of
Afsur al | ty of access cat egorl es The comuni cati on

oi ngl ud s ADSL h th

ke 0 0% 26 BF Gl 0% (BphRhont Dubercin the
phl;tess%%s Ic@ﬁﬂge&eanenﬁse/wndw atﬂ]veﬁ'tlsal wéivicer h)agandwatars reprived
conmmuni cati on station.100Q. The B(?S Ié)ad el eg%g “;,ﬁ%IU with

:j_a

frome ethpr ABs épvqﬁgls;gyn decisions regarding disassociati
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.

[00114] 19. The WTRU of any of embodiments 17-18 comprising a
processor configured to utilize the service load indicator in selection of an AP

with which to conduct a wireless communication.
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ot her communi cation stations (e.g. access points

and/ or WIRUs) within the service range 108 of the
woanssissat i on station 100 thereby providing tRemusedos032605

i nformation regardi ng the BSS. [0095] Enbodi nents

[0096] 1. A nethod for provi di ng channel managenent in

a wreless network faor optl ﬂg‘PPtvvork utilization

099/1@ot h &BcesA mefihaddoy IBJF%V)‘ panagement jin a wireless
nétGoOPk Y& o hltizc‘e ﬁ%ﬁhtﬂ%ﬁ@h%ﬁoﬂhﬁicﬁﬁ§n stations capable of
conmuni cati1ons wth each other on wrel ess channels,
wyfmequss icemngpmicatidnsyith eashyither poavrelass dmrmelib}ﬂoalpﬂsmg a
irst AP for. h. access te
SRl R BT OB AR D0 R P R n) RS Ifad elgment
fok BECIS 6f ¥ bRfraliBaél dcBeiscategories. WIRUs Wi t h| n a servi ce

(0928801 nglonbBhF nEinpdr OhoPTEBHERIIG: Ml CONEBET nGoraRrising
a%d'gé?gﬁeﬁggégﬁ erﬂéhtt RE of3RE o Bnn®idsli b Gt L0 within a

099] any precedi ng embodi ment
sanfize ehngd bthedirst mminumbartmls(ca’mm is an indication of

ge ces deI a e firs 0] Th
B dHod oP%ent é \Rﬁefn&’n {he a(\)/cielglag]ﬁ=1 aggé2 L Horther

cdpAY¥inkS @iﬁawarsed dﬂé ac&hﬁﬂﬁﬁ@rtmnneétattmie peletidtlg another
[ 00101] 6. The net hod of errbodl nment, einth

campmanissitiopdstrtion Hyithywhind) tos erppdicy 96)19@2‘][1 op thnBSS load

e1 Jied of any preceding embodi ment wherein the access
categories include voice, video, best effort, and/or

[a9ddRDr ourdd. t r Fhe ingethpd®f @E}r 08 enibldimertth G9-25 Whﬁl;/eln the BSS

pr ecedi ng. e t furt th
Sp R cleRS PE il TR aERR BRIy o second AP
d(ﬁ@fbp4] %4. Th @h@&h&ﬂh@d@ffaQMdmaim&ltsfz@rzswherem the BSS

conprising using the advertjsed service | o i.ndi cat or
ldad elemient Agclyien ssemmupniation shrkior, HY toﬁe‘% R service load

field, wherein said communication station, AP or WITRU service load field is a

scalar indication of a relative level of service loading at the first
communication station.

[00120] 25. The method of any of embodiments 20-24 wherein the BSS
load element includes a length field whose value is set to a total number of
octets included in all fields of the BSS load element.

[00121] 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.

[00122] 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] 28. 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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second AP.[00105] 10. The nethod of any of enbodi nents

8-9, wherein the second AP di sassociates WIRUs with
wohesmecsmd AP where the service | oad indi cat oPCTUS2005/032605

the first AP is |ow conpared to a service | oad

i ndi cator determ ned by t he second AP. [00106] 11. An

R RTS8 B v
scﬂ%ﬁ‘h@@ﬂc&ﬂoﬁ ot ABstage-adcbidd @elayl PAADN &t AReOQCS or QAP for

odi nent 11, conprising a processor configured to
sexvidesof ahe ofithrenaepesecategadionndi cat or for each access

O(gl%%tggor Yoo | 0011198]1%911%(1 o?%?nb%ﬁuﬂfen@@é’ wefSRGHE QXC serv1ce load

conprirsing a transmtter configured to

ﬁeﬁﬂ‘{@{ﬂdl@@d fretlse BiSclpall ehememdoulatifra QoS\UIRm-Wnplemented
the AP VVI rel ess service range. [00109] 14. The AP of

Paﬁ?i?eiﬂré% ®ng enbodi ment whereby WIRUs | ocated within

% 1AP Wik el efise SRINICE dNeeerfbodiiRni 2820 vilsdreinhthe four
advertised service load indicator to_assist._in

subdiedds i compiseannARAR tfor vbestietions (AARRE) dieldy apedQD for
bagﬁ%mr(}glm C(%EAIJS)%% [fi%P(il' ]a% AAD fol§iaés ( Y fi ngtcﬁfgf/&gan AAD

( i'S’ng a receiver configure
fo¥ €sieé AP O fidlded service | oad indicators from ot her

APs. [00111] 16. Th P f
ool b 56k enlBd e g oSSR R YER o
A%%‘(z%‘iﬁé ffefcai6l M'sﬁ@rtbpé&eéd"&’élﬁﬂ;ﬂéﬁ anﬁg:leérvmfvam ot her

s t0 assist I n decisions regar dl SaSSOCI at i ng
[OUTRYs wi BA. th'EhAPme[th)Qﬂlle] ay, vﬁm diments 28-31, “further
transmt/ ecei ve r
cobfies HERSE Ao (T el B A bt BRI 8P ap 24D

vaAudRF hRd sﬁB Ry thit ishedjpeadedidtp ﬂm)mghlrwlﬁtsald ﬁwls_ub]-ﬁeld
18. The WIRU of enbodi nent 17 conpr.i Si el

when thec@CA 9y @AFetsy PR RrERERE &g%df‘%?r ﬁgo F‘ne ai%i d¥§°58

Ca%géoggpr y froman AP.

[00128] 33. 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) ps, and/or wherein said MAD average is

based on at least two-hundred transmit packet delay measurements.

[00131] 36. 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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[00114] 19. The WIRU of any of enbodi nents 17-18

conprising a processor configured to utilize the
weeoosiosesskoad i ndicator in selection of an AP RCTHS2005/032605

whi ch to conduct a wirel ess conmunication.[00115] 20.

A nmet hod for providing channel managenent in a

w rel ess network to optim ze .networ k ut i i zat.i 0 .
logay; s AT LN 1 Braiémitted
pdcREIURAI §24HhEREeH hiteSRchtegblig saliNariage @IATT baingehsasured

conprising a first comunjcation station providi ng %
fromgl Emeeary EDCT packegdsyeadyofgr &ransenssion ungl @rtige the EDCF

P‘%’ g{@aicdllya&g{ﬁrgg%ﬁ@e&at egories. [00116] 21. The net hod

enmo urther conprising advertising the
[0BER]| 0oad3®] enfhe metlwidhef enmbndimenttdborwlsirain easl range of

wi t hj servi ce_ ran of the fir comuni.cati on
valyeg is g’ﬁ?wf%i%?]?o)z%‘?‘g %ﬂ%ilﬂeaﬁéoa‘ﬁfﬁ%?ﬁ%’%ﬁ &g %go di ment s
(089391, fyst herneonRiicd B @y | FasimbodieniRENEBI3Takiebein a
station sel ecting another comrunication station with

predetenmined A ARV o e apxof thofour sabdskly ndicatesthaia QCS or
0118 . 15 t . ' - .
P37 g TSPt 0 SRR o2 2 e

I'ncludes an e
plieett adcb@adategoryi el d. [00119] 24. The nethod of any of

mhodi ts 20-23 | he BSS, l0ad el t .
0k udes 20 coRRMEAEH ShombADRIRT B LesF AR g ypEined
Ahepehifib & ghro\ierei n said communi cation station, AP or
W

RU service load field is a scalar_indication of a
[008B5lt i ve 40eveThefmediodi efeany afiiempodiments £3-ggtwherein other

C ni.cat i stati f any
p%e%ggu%gﬂ?%%?)sy%? 52%%%3\%9%%%%%%%%%5 ei er?g'nt
[dongéudes 4a. | ek inéthet df whe o€ embbdianérgs 28:4Q whardintaal AAD

number of octets jncluded i albrl8 Lel g(?) of the BSS
Viﬂéiﬁd’f_ép%ﬁléﬁ?l?re[s%tfﬂ} a‘%?g?ﬂ@ fHEE @Y By of
[(®IBeHI TenbS 2612 5n¥heH @I Any be cBBSdimasts Slseme fihetdintaneAAD

I ncludes a station count field, wherein said station
veloerf tiodiuhdred andifty-thred (253 agpresentst an puerage ddAR of five

a}lgtolalll:-hg%.%s p(s)forqg?ea B! cation
[00138] 43. The method of any of embodiments 28-42 wherein an AAD

value of two-hundred and fifty-four (254) indicates that services at an

—t

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] 46. The method of embodiment 45 wherein said channel
utilization field defines a percentage of time the first communication station
sensed a transmit medium as being busy, as indicated by a carrier sense

mechanism.
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stations associated with a current BSS. [00122] 27.

The method of any of embodiments 20-26 wherein the
woiomo3csmmuni cation station is a quality of SBCYiIUS2005/032605

(QS) enhanced communi cation station (QCS) or QS

enhanced AP (QAP). [00123] 28. The nethod of

nbod 27_wh
O EP S ToH, 2 hdSe il S PR 02 hEER s o
tiﬁ@tsd?&%ﬁfélé\%?aé@ad field being formatted as four

I el ds, one each for providing a scalar indication
[0GF43An avik.ag&hecoedwdrflempodiment £t Wwheeeimthe glovippaygpse
es_of
o 5 4 B A G5 8 PO g B o
chh8aél Husglttne s | polamstadr,i n the B8Sucbadiliehtineheaco-interval

Opt i on- | npl enent e araneter is true. [00125
Pa%meqqﬁealh‘i';{?h%bﬂ’e%‘fona?ﬁf fop%ﬁﬁ%?ge]?‘rent s 28-29 V\,Ler ei n] t he
(?%A SUbZ%Sﬁ' el SUTRbd ST MYy HARnikvdikests @748 wherein sald

I eld, an AAD for background gAADBG field,
mMﬁgfaaeragedede ipebes p wriodief, of erasnely umbm%PaW%r and

DV, fl 6 f
A S T, T TP i
bedbsi-ifterval GREsmdedaya beacom phiigheandADevthousand d@eaty)-four

32. The nethod of any of enbodi nents 28-31, further
(18%Hpri sing setting an AAD value for a first of the

[069 4] subgpi el fige tlﬁe'@l@dA@Pa | o eibodingortybed el Whedeth the
djacent and to the ri of said first sub-fi

chadnﬁel-bim/ 08 wara@after & nqﬂr oV RdIUAgb @e?fvmé@gsqceﬁ%auﬂng
b e R Rp SR AER e PR e A BusP e,

lilg) rising neasuring
[00N44]0r aBer agThE rettddi tMmangces smbelayer(thE}-50 avberdinrthe

cu%@tbé?lﬂéﬁlémﬁéfqﬁébﬁa%@af BB Ghiere, B amper of
consgcu\égle@gh%}] @?ﬁﬁ}é\@iguﬁﬁg ficlRuA ra@@ﬁ%e YHhyBe 8l ctlaéd.
[00147] 52. The method of any of embodiments 48-51 wherein the
channel utilization 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 time at which a data packet is ready for transmission.
[00149] 54. The method of embodiment 53 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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conti nuous w ndow of tine, wherein an averaged MAD has

a predeterm ned accuracy range and is based on a
wonomemam3munber of transmit packet del ay neasuPem@ISk®s/032605

[00130] 35. The nethod of enbodi ment 34 wherein said

wi ndow of time is a thirty (30) second neasurenent

L ) : .
0P WBLhnundPBa. (Bbo) Matiodasl 17 VRCrBPRISHIGS \PBD Gy e igHsing
détémﬂﬁﬁﬁ‘ %hxﬁttrﬂng%§§1_vlﬁé’lpsaﬂﬂQﬁl%%lﬁél@ﬂ%@@{ﬁesﬁ?é:&%od@éd@éd

measur enent s 36. The nethod of "any o
[081B2Adi mehTs 2'8h85mwbimde|0ﬁ any ARDemphpdigearits 5§ comprising

det d f |
coBEERE B Hoeksl qoapTriRbary GekflyRdgbiEal Hiing as o
dl%gme?%gwmtwc&?i titeaititiet thirdodmieet S i n an
| Ndl cat e aCCess ca i
RS od 56 orB Bl e e BoboRdSn ey oy Bmprsing
; ed™ .
catl&ﬂgﬁfn%fa? 'g%gl Fg%e%% E?nﬁl?n@s L "B erEldate PREKEN tiSe aCkdathy and

ranst ( The net hod of enbodi nent 36
thehfirsétimesai d range of val ues is between zero (0) and

-hundred a fifty-four (254). 3],.3 h
B 582, 288 ] S48 sl B " Somorsin
cREQEEhe thdadABARYak Uy Ismbam:tmé tHee phoket stabsiigdicls and

i ndi cates that QAP_i s not, providing services
a‘tl@oéi‘ﬂe‘igﬁdfil@&ttéﬂmﬁc%g@é:hé AP 8esesyHigSany hi gher

[0 nggf' ty 5@cce e CRIBIY ¥f c#ngvo LBAnpyAimdAe BBIFoGdHtein the

odi ment 39 erein sal edet erm ned AAD val ue is
trzesmi¢sion  fOPESH] ixtOprethdedrebioa oRequppt-t6-Senddearciorend

er ot her predeterm ned AAD val ues represent
@i@i@%@ﬁ “MAD tirmes. [00136] 41. The method of
(6Pt ergpodi nepcshdd oft Aevdraiiaing anVIAADtimingefoofdataepacket
(1) represents an average MAD of fifty (50) ns .

rqt@m%m]sswzs The net hod of any of enbodi nents 28-41
[d@%gf in gy AARvahUeh R of Mbg&ﬁ%ﬂ%%@@%ﬁhﬁd@' &&@ﬁﬁmmg a

represents an average five and one-h
fic&. Simeat owhigheatdata packet enters a medlum access control (MAC)
queue.
[00158] 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
queue.
[00159] 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] 65. The method of embodiment 64 wherein said first

transmission start time indicates a commencement of a first transmission of
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[00138] 43. The nethod of any of enbodi nents 28-42

wherein an AAD val ue of two-hundred and fifty-four
wOQ2806)03193di cat es that services at an indi cat edraTass®5/032605

category are currently bl ocked. [00139] 44. The net hod

of any of enbodi ments 28-43 wherein an AAD val ue of

t hund fift flve 255 ndlca s t hat
A R SRR A AR S E’%f&ﬁ?ﬁ Zatef ' cofPusion to
saﬁfi fﬁé‘&/trﬁh%?s@,id’igwwﬁb@ﬁtd@mngm efRisthitdien BES dviadgement.

el ement further includes a channel _utjlization field..

[0006241] 4£6. TRGenmetkefl of ewboti AEPOIEBCRYRC PRI Seppgrising
d%@ﬂ;ﬁﬁhg% éécoﬁ&trbﬁg%lgﬁl@sgnd&fnhﬁ‘ge s 3 ARLAEREIRE SN hisEBond

_ conmunication station sensed a transm t
tranenissi@sstaet ngletnm}ya saond tchirsatissiohpnd tmae r | er s ense

[qrﬁégﬁ,”'ns{n Ooéﬁx@ l’i’i‘eojfB% gr?f ﬁenﬁ}g%d@egt rr§€ W e?ﬁ}%r Sald second

tﬂaﬂ%‘ﬂs’s]ioﬁtar%’ft?m@%ﬂ]%r@és Qreedi aBfRirad AndhBad- mtﬂ@ﬁod and
novi ng average i s defined using at | east one par amek%
ingki¢ades @dcdlnmﬁmqmelgtr ofup seenmsli Feppgisston of the data packet and

s%xa &%Pﬁl bt{%%lls %EI? . 'gﬁ”ﬁhfer indcates a conclusion to said second

ahne eacon-i nterval paraneter, and/or
tinkeAsith Pethoad remivdng hebrans{rﬂi@ﬂidn]ackﬂowl'éﬂgemnh od of

any of enbodi nents - 48 wher ei novj n

[QQ64L+ | nefa3 as rﬁ“’pl’%‘%ﬁ‘i o aﬁycﬁgr’?ﬁ@ %Hagg}és % B Sthprising
aRNGtH Yo BRisEidn  didliyg fak Ve diff&Bhce @ew@eld alyNth

a product of a channel -utilizationbeacon- interval

trransmristion staxt bezeand pé¥thddansmigsiopendiéngand

GERLY T oY, MR ol A afy dTﬂl%an‘ﬁQO%RéreﬁDy s Nth

i "en ereln t he anne busy-
tiRalsaiigdien stsridtien@thraendes mftdnea deferralczruis badndff period and

ieHaHREIS SRR T1onNCE SORBTSST OTHRS Ralhbeigh Hhjaid

1\& dhRLS 4Rt SAmehengichtdshe a receipt of a transmission
annel -uti1l1zation-beacon-interval paraneter is

adkﬁwwﬂedgaselat nunber of

[00166] 70. The method of any of embodiments 60-69 comprising

calculating 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] 72. The method of any of embodiments 60-71 comprising

calculating a MAD timing for the data packet as a difference between the

finished time and the first time, less the MAC queuing delay, less the total

retransmission timing, all divided by N.

[00169] 73. The method of any of embodiments 20-52 wherein the first

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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consecutive beacon intervals during which an average

may be cal cul ated. [00147] 52. The nethod of any of
wentmdsmsnt s 48-51 wherein the channel utili zaPCoMWS2005/032605

field is included in the BSS | oad el enent when at

| east one of a QoS- Option-Inplenented paraneter and a

PR, s LGRS BT b b e o

tHel ATh&Gedndhusicatibh seLk@asSstaa AP.comruni cation stati on,
t he net hod corggrl Si ng determ,ni Bg a fi

(ORAT B & bt o FaeReatbod of aangl Fobodimensh DA oNReEDD s firs
co?én&euﬁﬁgtigﬁts@fgbqof fs Q'W@‘ﬁ{ TRAE wherbhefiR Rad@died JFithe tBBSS load
IS a trne at whi

_ a Carrier-Sense Miultiple
elé@@ﬁsardcc(ﬁﬁgiwredﬁnwe@wcmW(ﬂBQCSMN CA) prot ocol is

inLtiated.. [00150 5. .
[Otgllr%%di rre%@s[ 5%— gil‘%tg‘ﬂﬂr ﬁnﬁ’g g?ér)hmr?fl E% Zg S5 whereip any of
t}?etotﬁ@f SdhnRubli AR %56 h&ﬁi&&tby SWERE.to a physi cal

[ ayer transm ssion process.[0Q151] 5 h
[(Wé? d of77anyTbP wetng g p egn[j)ogéﬁﬁl%’qss ﬁﬁgjz- Wherein the

det gn :ﬂxh!?ms at V\,hl ch said transm ssi on
cta og%téik vared ed. [00152] 57. The nethod of any
[Omf17@hb odi7gent The Srrﬁaﬁhmb wpranyi nf) eodiodirnentsn§3-g2pwdiergin the

transm ssion and, ac edgenent timng as a
CERFNIBIGREOD TR i ¢ econd time and the third tinme.

[d0A93p3] 8. The chmbhadcatioraRyattn eaiu@gllmsﬂntcs pb3+i8& channel
conprising calculating a total access t
inkgement actsedingeto a0 of Hia Wethet oirRnbYHMeRtS 02 And 73-
7500154] 58. The nethod of any of errbodl nments 53-58
onprising calculating the MAD tim ng by subtracting
[a01g6pac ke&O t r &endosshunication siitivowfedgwdiment ¥ dcemprising a

SIGRA LU NI R Nt
?Iﬁﬁﬂﬁﬁéaﬂ& %‘Eﬁ@@rﬁe JoddYed WREHESH Wileloah dHebhiear rdnge SeNdaid
S/ CTS) handshake.

communication station.

[00177] 81. The communication station of any of embodiments 79-80
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 transmitter configured to advertise the BSS load element to the
other communication stations within a service range of said communication
station.

[00179] 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.

[00180] 84. The communication station of any of embodiments 79-83

wherein the processor is further configured to utilize the received BSS load
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[00156] 60. A nethod of determning a MAD timng for

data packet retransm ssions. [00157] 61. The nethod of
wentmdsmsmt 60 conprising determning a first PCEWRSAI05/032605

whi ch a data packet enters a nmedi um access control

(MAC) queue. [00158] 62. The nethod of any of

SR 280 e STBLL ) 00, 5L T e 5 s
il%%ﬁ%g%ig(ﬁigggs_@ghﬁ@ﬁ.deagg)ﬂget hod of any of enbodi nents

-62 conprising calculating a MAC queui ng del ay a
[QIBEbr ond®. boThecpmnBnisaben LRIl o Y Heembpdnent 9-84
00160] . 64 . enbodi nents 60-63
“%S%Pi%}dﬁﬁo%%pg}c%ﬁhﬁ%gatgé% %:%f Rir)'et ransm ssion timn ng )
(e8] di f 88 enGhelwhwaenicatibn rof tany reiresmbaidinentss T2:8¢ wherein

time and a first trans n end tinme. [00161] 65.

Saﬂﬁé’(’ﬁ?’é’f“ﬁ%‘ﬂa@?n é‘i‘?‘ﬁ{?&ilm “wherein said first

[ dl%@fm SN Al dontiniRidabidh CRbESN f GRFTBNEeRBBAIm s &9-86
Irst transm ssion ofthe data packet and said first

wiheasisranysif she ethericommunigaiden stigng dharddl-on to said

G 305 B ATy eBL AN 7o
waiEheishi 4FBNdf3h6 OtHed connmpuanisation detmnsiina WTRUsecond

retr 1 SSi tim .as. i ff bet !
L3EC e R R N O R o S
alkbd¥E [agrg%&gidlﬁg to HAS JTRLBAHLiBbAS AhaME TEtur&S of\Bi@bedifents

d
said se transm sSion start tinme conmences after a
58efandV7-d8d back-of f period and indicates a

ncengnt a seco g } SS] : | in said
OB s o treSaBBR AR ke RS B et 83 sfhorein sai
cBmeRnEtatsdrostationdeiad Adecond transmni ssion wit hout

receiving a transm ssion acknow, ed t.. [0 4], 68. .
[%7&'3? h_o%ll-of Wo&mg%gipﬁ,é%éors _egglg%id p? égﬁ%]herem said
cgﬁj;n?ﬁﬂbﬂi&g @fioblif aWRINSM ssion timng as a

ditference between an Nth )

[00188] 92. The communication station of any of embodiments 90-91

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.

[00190] 94. The method of embodiment 93 comprising determining a
total packet transmission duration by summing a packet transmission time
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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transm ssion start time and a Nth transm ssion end

time. [00165] 69. The nethod of enbodi nent 68 wherein
wealm/oBlig34t r ansm ssion start tinme comences af PET/U82005/032605

deferral and back-off period and indicates a

commencenment of a Nth transm ssion of the data packet

and said Nth trans dt I ndi
0(9Fl9%] t r arvéni sg‘ih@nmg] 7 \)El?een n@n?mqloa I%‘% %%5;'%‘%% sing
F'Bu f af&apfenﬁf?@fﬁﬁﬁm—%u@% GOmeOfRr hSpRBality of access

Ia ing a total  retransm ssion tlmng as a sum of
catthIﬁ¢sr st, second and Nth retransm ssion t| m ngs.

P, . TS S Y9 DO Sl o

eﬁa@ﬂ?—tﬂzﬁﬂhﬁﬁhﬁé\ﬂe gintd Mcladeswperdddst b timok dcmingdghmhntralnsmlt
recei ved. [00168] 72. The et hod of any of emnbodinents
QB@Jeﬁloféb?rﬁP‘Fe§§ ﬁ@teg%ﬂl%stﬂeé‘llqlﬁgmg’ ¥AD timng for the data

the ft aga diffify e&fé@ﬁ@db&t Noft REHdathehRd oBigee ceifrising

irst tine, less the I\/A queui ng del ay, less the
smlmad:tmgtlmmtai p@k@h transimiggiom duratien,dbd thial emptgcrEogmit-

of e od ne
ap e e, AT U SRS PR PRI i A btz e MO Bippbtf of
darstioh ey el 4 bal @idersivs. of the BSS | oad el errent are
conf i gured for_use in and/or by an AP, 0017

[¢H®bd of 9hny Tore amibed nedneay 2ot s y97 fcom{)glsmg
d%?ﬁfg GG cﬁﬁ%llegg% sy ahb Q;tﬁénj%gy 8 pA¥ket &%Msﬂﬁs tol Bistain

d of any o odi ne 54 wherein the first
ancavenagecMAIDinghat i on is a WIRU and wherein the

res BSS | oad el enen are f
&, °5 Do Tieoenebpd Sof” Fe o PSofifhi Yoo | Bnprising
d@f@ﬁﬁhf@nh&o&ﬂ ﬁ&né‘ﬁhﬁkﬁieﬁle&iéfex@él tlhfe ﬁtrhﬁre plurahty of access
conmmuni cation stations in and/or 00173

cgtegoning WeeleaHsafl tERFTI-0BRBe éPf?é stlrss I Fiqisiaf dime
d‘ﬁ?%h&@} fh% ot éa@glgdrtcesa&bf@t@ed their respective transmissions to

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 embodiment 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 communication station of any of embodiments 102-103

wherein said communication station is a WTRU.
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[00174] 78. The nethod of any of enbodi nments 53-72
wherein the communi cation station is a WIRU. [ 00175]

WG2006A30c0MTUNI cat i on station configured to proyCcuas2005/032605
channel managenent according to any of the nethods of
enbodi nents 20-52 and 73- 76. [00176] 80. The

(OFZ; v 106n( AGERERITCEATE P STACE G T4 PaErg 4o of the
E‘ﬁﬂﬁé‘ Ay fph2 fé QRO UBSriea MR RinG abi @Re Pratdding dlgiead add/or

Inaw re €SS service range of said conmuni Catl on
contraising anj 00 lrfeadires Rptseribedin any 2f thn Pracadimgielymsany

mbodi 79-80 ¢ > .
OB Ee ™ 53 TR, BESBBSSGToOhsin
saﬁ’dl bérahiunicaiorAgatiss icah ?@oru es. [2817_8] 82. '7I'he

onmuni cation_station o e di ni.s - .
[0@3%“ si A§8a Thﬁr@ml??wafg%%fﬁgﬁﬂ?% nﬁ%‘i}mﬁg lg)]fit wherein
sa$§§%&1ﬁﬁﬂn§a{t?&?é’ctanbﬁ é&@v@kﬂer Jommuni cat i on stat i ons

IN a service range of said communi cation station
09905179] %hllérhblsammrchaﬁs bnelsuoartl@ﬂaﬂy sheyrnopnd described

il PR IR S ted e hF i GAELY ShadbstbRNEY A6 dkilled

inC OHETURE GRAL Qansﬁéltch@ﬂges {rD&kix&O]arﬂ4detEh\le mamhm ngalei Yrerein
station of any of_ enbodi nents 79-83 re

he .
withgutdeparting fromithe scapsof the Fugntign asi eﬁ%b‘i ereinabove.

recei ved BSS | oadel ements fwom ot her cosmuni cati on
stations to assist comunication stations in making
di sassoci ation decisions. [00181] 85. The
comuni cation station of any of enbodi nents 79-84
wherei n said conmuni cation station is an AP. [00182]
86. The communi cation of any of enbodi nents 79-84
wherein said communication station is a WIRU. [00183]
87. The communi cation station of any of enbodi nments
79- 86
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wherei n any of the other communication stations is an
AP. [00184] 88. The communication station of any of
wentmdsmsnt s 79-87 wherein any of the other PCT/US2005/032605
communi cation stations is a WIRU. [00185] 89. A
comuni cation station configured to determ ne nmedi um
access delay according to EngMgf t he net hods and/ or
features of enbodi nments 5%‘9 nd 77-78. [00186] 90.
Whet &@ETIHNgGat | on station of enbodi nent 89 wherein
sai d communi cation station is_an AP. [00187] 91. The,
commiini cafi sretbeditfow pneviding othamaal BangFrEmentn iy o (wireless

i.cati St ati ' . :
T A R e TR T
andnpwirelesg arpiomits seceivenfunjisr eOVTBUWet enphble nafdi wireless

access, dtel ay corﬂlg to an 1of t he et hods. and/ or
CPRARHIPELION WA AT REMST BT Slesi tharnels, sompgisins) o3
A methedingfa datReNbIH NEi@lores #Fs MPRbi é4Bhtcess category;

eval uated over a predeterm ned period of duration |
conppilsentigingthensaryica lpad jnskcater tuMakRYp witlopimeqrving range

| of; enbodi nent 93 conprising deternmining a
°§2§%ﬁ%a@e%n%ansm ssion duration by sunm ng a packet

t r ansélestin® an tAMby sind WEAIRU e ssbem thevsdryicedoddindiceddor
recei ving an acknow edgenent for a quantity of packet
transm ssions occurring during said period of

dur abi on. 7LOQA&HLd DT c1dike 1'RhoREh Phe ABWied 1APRAHGRNE & an

93-94 wherein packet transm ssions include packet
indicatios of exéregs ap@ed 9elaye thafastd hod of any of

enbodi ments 93-95 conprising determ ning a total
enpty-transmt-queue tine for a plurality of access

cat e@or i eThe[ QMY of claifthe nuicdneih dhe aaverade access delay is
enbodi pent s Q‘gﬁv\herei .total, enpty-transmt-queue tine
mepqured & paredriermined;tine gatirtdg which transnmit

4, The method of claim 3 wherein the time period is thirty (30)

seconds.

5. The method of claim 1 wherein the access categories include

voice, video, best effort, and background traffic.

6. The method of claim 1 further comprising:
receiving the advertised service load indicator from by a second AP; and

using the advertised service load indicator in deciding disassociation of
WTRUs by the second AP.

7. The method of claim 6 wherein the second AP disassociates
WTRUSs with the second AP where the service load indicator from the first AP

is low compared to a service load indicator determined by the second AP.
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gueues of the access categories remain enpty. [00194]

98. The nethod of any of enbodi nents 93-96 conpri sing
weubderoacising the total packet transm ssion dur 2CTMS2005/032605

the total enpty-transmtqueue tine, and/or the total

transmt-queue-deferral tinme fromthe period of

duration to yield a total difference. [00195] 99. The

nmet hod of any of enbodi ments 93-97 conprising dividing

t he ¢ ot alAndidcb&y poiae (AP) theighiad to tpyovifle phakrél management

transm ssions to obtai ; timng. . .[00196] .
i GO rFHBS RAINGEE JPT iy o coRtTh BB EE 5D Snom iR ERRAp®
rei%gltv%r LD Q\?ﬁ.‘%@é)alwﬁé'r@ﬁ? Ndtig averudehad r @lpabldTeoff @fireless

e plurality access categories, wherein said, .

cdmamnsitations euth thef APs avert wirelesschandeds, the Adtierneprisinge

during which the. access cat rie r '

res paeg)tr?q;gsc}rr 4 ’rﬁ%g(?oﬂsc éi%lﬁ%feg e‘?e"gl?’%glé’ %?Si ng%%h%rsfor each
a¢dd0d &fbak§landhe nethod of enbodi ment 100 conprising

subtracting said total transnit;qugfe-deterﬁal tiae "

f r ona ttmensgeitter episawedcle BAYYTise sthey seircn lopd dRdigatog to

PRk Wi FHIAR d e brdoy AWERISS R dtWithi
VG HHRE (B A e o b T U looed Bithin
tieo MPUWirehsk cerdtatrange obthd bt exh use the ednertisefpprvice load

AR 5355 A% B0 of 88, PR ERE B o Y s

Sthatd@étin. enmbodi ment 102 conprising a processor.
[ 00200] 104. The communi cation station of any of

enbodi nents 102-103 wherein said communi cati on station

i's ag AP;%}%eg‘Qg%ha}%o%zW}ggeiﬁommni cation station of

any of e I'ment’s wher ei n said conmuni cation

st at tlenrdcsiver W ebhfi®020 2o bo6ive Advertinedi seavicodoad andigators
confi gur to,performany of the nmethods and/ or

frogn ptheg k52 8R%i bed in any of the preceding clains

and/ gfe processor is configured to use the advertised service load indicators
received from other APs to assist in decisions regarding disassociating WTRUs
with the AP.

10. A wireless transmit/receive unit (WTRU) configured to provide
channel management in a wireless network comprising a plurality of access
points (APs) and wireless transmit receive units (WTRUs), the WTRU
comprising:

a receiver for receiving a service load indicator for each access category
from an AP; and

a processor configured to utilize the service load indicator in selection of

an AP with which to conduct a wireless communication.

11. A method for providing channel management in a wireless

network to optimize network utilization by both access points (APs) and
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conprising any of the features described in any of the

precedi ng clainms. [00203] 107. The conmmuni cati on
webadsioars3ef enbodi nent 106 wherein sai d comunPCaISLIN5/032605

station is an AP. [00204] 108. The comruni cation

station of enbodi nent 106 wherein said conmunication

wiselzse Jamendl resery SO R T SBRPRA VTt RLT EPaPURiestions
Wlttﬁ HER fo%[e{r%% ﬁffp@?%mls, icbmphisindde under st ood by

ose s l'ed 1n e art that various changes in form
and adfitshiAR prowding anbatic s¢rwisi set WBBRblradRlemment fog erel of 2
t he.scgpe of the i.nyention as descri bed
PlgEs qyﬁg@ﬁ%?@ RB°SMat is claimed is: 1. A nethod for

pr oV HeRgsichans ESmadgdemeht ko WIRUsevishmn aetmoekrange of
order to optim ze network utilization by both access
thedinst AR ARY) and wirel ess transmit receive units

( W%Lesl)aa&a&?eb+ﬁh8 fw%‘RU%' SISt HRIN APCHHhOREicH thltof@inicate
ot her on wi rel'ess channels, conprising: creating a
baeduincihel B3Sl ldaddilemem: by a first AP for each access

category; advertising the service |load indicator to
WRUs within a service range of the first AP, and

sel epd.i NrRNNAEL Y of BRIMTRL] Wasedn dhetdreessecatbgeridsobtlude
indicator. 2. The nethod of cugén11 wherein the
veiee wideo, bestcetfortiprd backgreund t5adi¢-cat i on of aver age

access delay at the first AP. 3. The nmethod of claim2

wherein the average access delay is neasured in a

pr edes.er riemethodeofekainot?, wherinethedB D tpagtelemgniringludes:

wherein the tinme.period.is thirty (30) seconds. 5. The

met hi elsmentd %ﬁ?ﬁﬁﬁ@P§F%§1he access categories

i ncl a1y Qbs8oe MhdEld,beBéretf taid APasetvioaddegt felddis a scalar

traffic. 6. The nethod of claim 1l fH{tgegﬁﬁanrising:
indication of a relative level of service loading at the firs ; and

a length field whose value is set to a total number of octets included in

all fields of the BSS load element.

14. The method of claim 13, 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 WIRUs associated with a current
BSS.

15. The method of claim 14, wherein the first AP is a quality of
service (QoS) enhanced AP (QAP) and wherein said BSS load element further
includes an access category (AC) service load field, said AC service load field
being formatted as four sub-fields, one each for providing a scalar indication of
an average-access-delay (AAD) at the QAP for services of one of the access

categories.
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receiving the advertised service |oad indicator from
by a second AP; and using the advertised service | oad

wondiepaisss i n deci di ng di sassoci ati on of WRUs POy/USh®5/032605
second AP. 7. The nethod of claim®6 wherein the second
AP di sassoci ates WIRUs with the second AP where the

service ad i ndic t IS .

conp&r ed 8 %‘e f?ftcglapaagbm Wg‘e%eé]tl Jhe d&E efm incg\('}o%d figld 1
inSREeAdiA\Pi}: FES aleds sldgdrit ophP)ifcan Q(@A@pﬁoﬁdmplemented

provi de channel managenent in a wreless network for
parentetercisdsee.poi nts (APs) and wirel ess transnmit receive

units (WIRUs) wherein said WIRUs are capabl e of

wi rel ess comruni cations with the APs over wreless

charvel s Thehaeidedadnfris16gvherepr lbh@ﬁsn‘rsuboﬁhéld@ QeIBHTifQ an

Aégtféa Pytetlh (AKRER RIS f AaT R e Bl R PPBR T e o

ARPPrOP %{d@oQAAmﬁd flelt] iagdtaar ADD 107 Rblse %AADMO)tﬁ&dAP
W rel ess service range whereby WRUs | ocated within

the AP wirel ess service range of the AP can use the

adv | 0 AATH icates a

sel :@ ﬁlq"of an % Of Qlt%gm\/\pd cﬁﬁ%%i%ganﬁt a xa%e gic,dsc
smmﬂms@td@m tithn a'hghAPAa’fD chhiem 8 wherein: the

receiver is configured to receive advertised service

| oad indicators fromother APs; and the processor is

conf{gur eghd PetisR dripriRdys rfﬁi'b‘h@ﬂ cGapMRg detidnly an AAD value
i ndicators received from other APs to assist in

fates i fisist rof 'uh@gﬁmdl - ﬂﬁﬂé;&s’f@o@ AARgValrRE e pukfigldaphat is
it in,
%J&c%t} %}}CLE @ﬁe lljhglflfl Dol & bvﬁelldrvvﬁer{ AR dt %Bﬁ@. g

managenent 1Th a wrel ess network
sERTARE & mmhcdtudabctetsycmh‘ega@cess poi nts (APs) and
W reless transmt receive units (WIRUs), the WIRU
conprising: a receiver for receiving a service |oad

i ndi @t orpf O EAGH SCCRIM Q9! GAGHHer comprising measuring and

averaging a medium access delay (MAD) value for all transmit packets of an

indicated access category.

21. The method of claim 20, wherein said MAD value is measured
and 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.

99.  The method of claim 21, wherein said window of time is a thirty
(30) second measurement window, wherein the predetermined accuracy range
is two-hundred (200) ps, and wherein said MAD average is based on at least

two-hundred transmit packet delay measurements.
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froman AP; and a processor configured to utilize the
service |load indicator in selection of an AP with
wohoeh3iss4conduct a wi rel ess conmuni cati on. 11PCHUS2005/032605
nmet hod for providing channel managenent in a wreless
netmork to optimze network utilization by both access

poi nt.s ( andw, r el ess t ns recejv n i
(WIRUs) @Eﬁ B?eéﬂ}(’/)\gf ‘% F%i erreﬁr%:a | cf%%ﬂ W:V%lﬁlee Tippin a
&H@&&nﬂﬁb&wa@geaﬁsfammﬁa@ns of@l@é‘rﬁful'&‘slubgﬁelas fd & WigafPhmically

providing a basic service set BSS) | oad egﬂcent for,
saalash rmreaerma@pal pf yano pverage SMAD fap drapemitig, packeds g an

6 550 0 EE6IP eid BvMEBLSIND ifl S SREHP RoEPRYSne an

rst t one of the WI
Emm@abm mnrékiawadrhtmhsmﬁssiml cotmitoae @hbaEB@Foma@kﬁ? is

ad 12. The nmethod of claim 11, wherein
H@ }3&?& %mfiegorl es include voice, video, best
effort and background traffic. 13. The nethod of claim

12, wherein the BSS | oad el enent includes: an. el enent
derh 11 Qe matladeiplaian 2 Beiela &0 BEgoof apfies 15 between

z%gpcaﬁ W’-ﬂ}lﬁgre?ﬁ%% Iﬁ]\?ﬁg_w(%@l dis a scalar

on o of service | oadi ng at
the first AP; and a length field whose value is set to
to nber of , octets uded in
BSS é% ad heckesthod qhclam gl3m‘§' B 6t PHYg Lﬁmﬁe&’%@? é’gﬂ?e m
ahiﬂ %f BSStdRadiehEaE Rhditatek BAL tIRCQUIER BotSHdtiding eatvides an
el d, wherein said station count field is an unS|gned
mdwaatgé acedsacategarscen dany highey prigritysceess
associated with a current BSS. 15. The nethod of claim
14, wherein the first AP is a quality of service (QoS)

enhageed A ﬁl%@d o085 Shiersf $hil %&&éﬁnﬂeﬁq@ﬂb value

Jurther includes an access category (AC) service
15461P0) 55i d AC service load field

27. The method of claim 25, wherein other predetermined AAD

values represent various average MAD times.

98. The method of claim 27, wherein an AAD value of one (1)
represents an average MAD of fifty (50) ps.

29. The method of claim 27, 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.
30. The method of claim 27, wherein an AAD value of two-hundred

and fifty-four (254) indicates that services at an indicated access category are

currently blocked.
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being formatted as four sub-fields, one each for
provi ding a scalar indication of an

wavercages3access- del ay (AAD) at the QAP for ser PCTAS26/032605
one of the access categories.1l6. The nmethod of claim
15, wherein the AC service load field is included in

t he BSS ad el.e i ,onl if.a S- Optaon-
par aHet e!T sm?fthl?ge Or%l“’}‘r?mﬁ'%g’ ﬂ%’teﬁe% oG 15;&;%&%2& ﬁérgﬁ}red
a%&&%%&%e (955 ihilRatkss 1HePRhi AR saricdAbad by ndtestailableor t

E) field, an AAD for background (AADBG field, an
AAD for video (AADVI) field, and an AAD for voice

(AADMO) ! et of 8 E] Obhehbincli) BBS oaiheteifibit further
| ow AAD val'ue 1 ndicates a shorter access delay than a
inelgteera ARBnuel uéilizaGion Thad rsthieveinosaid| eianned  utilipatienr field

i Si tti f ' ; .
AERRR & BErEpiaeg o e At AP fEneRl ppiiatiRediyif as peing
bi.\}mér, adiasientcddyth éarieheendcabelanisai d first sub-field

en the QAP is not providing services for an
i ndi cat ed access category. 20. The nethod of claim19,

further |1 ?Fcf[’;ﬁ i3ng A HAPeRInda B ot ihe is a
acce:késg dgjﬁ’g{l{em%gova ueﬁ{fggf a Ietrans%it Sac ets ofe '
nRindsieraged access category. 21. The nethod of claim

20, wherein said MAD value is neasured and averaged
usi ng an EDCF access mechani sm over a conti nuous

W ndgyv ofTid ARthoder @hfin 33, MtetdaedidAldvhas average is defined
predet erm ned accuracy range and is based ¢n, a

] ni rum
usinghadrleast oneapanaimetpwn seleeted drogy the %W%ﬁ%ﬁ%?ngz‘g@. a ?ﬂ%nnel'
net hod of .clai &l h%he¥e A aWeRfal il Bmleferd and a
iRy p P el d il et Bh bl ACNC el ol
bpa@deperiod predneterir acy range i s two-hundred (200) ns,
and wherein said MAD average is based on at | east
two- hundred transnit packet del ay neasurenents.23. The

net hgel ofrigd aicthéof MBRHEG4) vaRrdAR @ Mt ing thémga is defined
redeterm ned range of values in one of the four

as ub-Hirpdlictsofl 8 chanaghbrsthimeaPripBetar nd éwé%’éﬁf%é ity -five

(Qg5)?ndi%\1/(ferdag§y I\Aff‘Dpfr&iucttr sy thGdnPeckElaidd? #acon-interval

parameter, a beacon period, and one-thousand twenty-four (1024).

36. The method of claim 384, wherein the channel-busy-time
parameter is defined as a number of microseconds during which the carrier-
sense mechanism has indicated a channel busy indication, and wherein the
channel-utilization-beacon-interval parameter is defined as a number of

consecutive beacon intervals during which an average may be calculated.
37.  The method of claim 36, wherein the channel utilization 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.
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i ndi cat ed access category, said average MAD bei ng
nmeasured froma tine an EDCF packet is ready for

wonrersaaisssi on until a tinme the EDCF packet is acrwabkdogo32605
transmtted. 24. The nethod of claim23, wherein said
range of values is between zero (0) and two-hundred

d fifty-f 254) , 25. hod | ai 23
A S M R -
inSUbFikaLds JdopdbaatEs dthet AP S0P WIRWE d@pavidiofgwireless

services an indicated access_category or of any higher
copithanichiions withseachtotlyer gn waglesyighaprglpddedtl e9BPHFRS:

wherei n sai d pr.edet er,m ned. \Y, ' e . .
The aEtaet o TR 58, PP AR HE skt Gidhaddl] dakd - from
WA TY RICHRE WiERnes ¢itelasa sbpice margeagealdPt i mes. 28.

The met hod of claim_27, erein D.val ue of. one

(1) & @W&@ﬁt@nﬁﬁuﬁiﬂef‘%ﬁ%ﬂ%{&%‘*@f %%ﬁf@ﬁd(@eﬁne for"ggch of a

The: f L. wherei n an AAD val ue of
p]tu\fgyﬁﬁ&nfgl?gegggﬁggﬁ@%’%ﬁdhr ee (253) represents an

averagenyiittef cinfigureddo aduetiisef thesB3S loasd elempnd 4o JVTRUs

30. The net hod oftcl im 27, wherein an AAD val ue of
wi -ﬂﬁﬁﬂ‘fl%edraé}gaoifi}?‘?gﬁnour (254) indicates that

services at an indicated access category are currently
bl ocked. 31. The net hod of_ cl ai wherejn an

217, AA
val ud.of TheoARwAgkedrr Fhav IP‘FI'P%IS/{R‘? R 2T yrikgrsopggured to
ret,c%f% %ﬁ've?ﬁs?f B ?oald\?\gférﬂe_?lté‘ Qhord \Ahb2APR. ard? thd Nfrocessor is
net hod of ¢ e S |

aim 14, rein the BS oad el enent
fifrthéhemnfigneddithestibzecthemeetived BSSZland elenpéndp él,'om/l‘?‘éh%’ i 44P's to

sai nel utiligzation field defines a percentage of
a?ﬁlFFeth%ﬁ%E? W%’f"i‘ﬂg é@?@gﬁla&m{lrd%ﬁlssﬁnts' nedi um as bei ng
busy, as indicated by a carrier sense nechanism 33.

The nmethod of claim 32, wherein_the per c%nt %gee .of . tine.
i s ad4boviPep APe(pfgé@i_m 38, wherein the access categories include voice,

video, best effort and background traffic.

41. The AP of claim 40, wherein the BSS load element includes:

an element identification field;

an AP service load field, wherein said AP service load field is a scalar
indication of a relative level of service loading at said AP; and

a length field whose value is set to a total number of octets included in
all fields of the BSS load element.

42. The AP of claim 41, 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 WIRUs associated with a current
BSS.
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34. The nmethod of claim 33, wherein said noving

average is defined using at | east one paraneter
woeebmoesd4f rom t he group consi sting of a channetbwsg005/032605

time paraneter, a channel-utilization-beacon-interval

paraneter and a beacon-period paraneter 35. The

def :1% ilg ﬁpi@o%ﬁw\gg L}g%g??lﬁ(a Kg ua\ﬁgr%ggef'v%ce (QoS)
enﬁﬁﬁcéd"@i*'@@&!’ﬁ gnd WHetein ¥:68d (mloadjelémd fhythar pndddest an

a channel -utilization- beacon rval %gqu b
acbesacgateg@w 64C) evion dosch Al n dR v yeer6e ﬂei Jyid being
forrﬁattlﬁl %s%{lp %ﬁb ?{elcfé %h@e%%h fw']ﬁfcﬁi'léﬁn%hz? scalar indication of an

I"-"busy- araneter is defined as a nunber of
avmag@e@emddagu(ﬂmg) whithe AP deir seriessnel omecofaibhe mccess
has j ndicated a channel busy indication, and wherein
caf@gOT¥Rannel - uti | i zati on- beacon-i nt erval paraneter is
defined as a nunber of consecutive beacon intervals
during which an average nmay be cal cul ate

met Hdd ofTbel AR of dgim W&qeﬁelpﬁ@ee@%ﬁﬁ@meﬂ]pgg fk‘%‘l igjncluded
el n
iny t@ sligbé Eogd egerﬂgrgtgh& QQh §%§}9ﬂn§i&g&ﬁ£, \gﬁg%}g?kg I}]% tréle
PBSS- Load- Inplenented parameter is false.38. An access
p0|nt (AP ured to.pravide chan na e [
o TP b P g, SREATABE (e ke 8 LR RITRE g AaD
foWb(egé @ﬁ&rtqt A BY F;C@éla 04 AWTH For SRtk gfIvHRY (AXDBG) elems @n AAD

hanne conprisin a recelver c%nflgured to
fou' sidsiol AATNEB fiekd) anderrt raaise AAR

| ocated within a wireless service range of said AP, a
processor configured to cal culate a BSS | oad el enent
f or ggch THe AP dladini 45 wiferaince tov A2 yaluedndicabes ashorter

transmtter conflgu 2@ advertise the BSS | oad
agreandeley thamrRughey UServi ce range of the AP. 39.

The AP of claim 38, wherein the receiver is further

configured to receive advertised BSS | oad, e| enents
f r oDt héPheARP efrdlainh d6prdierein dhei rroeassei isy fugbhar; ufigyred

tOAﬁgtu%IIb LA 5 a8 ESCLRYEDBER o8P Lub RGeS ah OADQIAEE of the
sub-field that is adjacent and to the right of said first sub-field when the QAP

is not providing services for an indicated access category.

48. The AP of claim 47, wherein said AP is further configured to
measure and average MAD value for all transmit packets of an indicated

access category.

49. The AP of claim 48, wherein said MAD value is measured and
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.
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assi st WIRUs i n naki ng di sassoci ati on deci sions. 40.
The AP of claim 38, wherein the access categories
wonaededes3voi ce, video, best effort and backgr ora@/us2005/032605
traffic. 41. The AP of claim40, wherein the BSS | oad
el enment includes: an elenent identification field; an

AP service |load field, wherein said AP service | oad
field is a scalar indication of a relative |evel of
service | oading at, sajd AP; .and,a.length field )
val 68 i sTheAR ¢f daimy i3 Wﬁ%rﬁ’db?aléf‘”lag?gﬂ t‘i%%ﬁ?dﬁg&y 130
| bterfidned BEcuEcyoFange is
Segz%déil {‘ﬁe%&%\ﬂ%télrt é@ﬁdfgﬁ’e%v%%%g? glé\%ﬁ%rlenent further Phang
twiodsinitred (20®)t Rod vduuein saidMAD aerageris basedl o af least two-

count field is . an unsianed | er that indicates a
h‘f%ﬁgﬁ& CrANSHaF Pa'f‘k%ﬁ%ﬁsy ‘%5%5615 "]g]tteg ‘wWith a current
BSS. 43. The AP of claim42, wherein said AP is a

quality of service (QS) enhanced AP (QAP) and wherein
sai 31BSSThead\R| efredeinh udBhewhpredn ugls HDacedee within a

category {AC) service .l 0 ' [N F(M:S VoS Eit ARG
p@ﬁ%ﬁez%%?%ﬁa#%rﬁé’t#%% 1%50%?6% lrtﬁésﬁﬁl-r % ?lglch s, %ﬁée éggch for Y
sl irglhrRGertasioal of anndieage oMAd fan transmitted packets in an
_aver age-access-del ay (AAD) at P for services .of
ingiratest agqees seleBTEeS SREETaEe Mi(ﬁfb‘f A EY (00 pyne an
b PedtD FoH GankRadidd @ntili 5 tine! theeBDOF tpheket is

Egg%{ ?’gg%&eﬁe%n%(t@eonl y inf a boS— Opti on- | npl enent ed
aganHyetegrsmittetlr ue. 45. The AP of claim 44, wherein the
four sub-fields conprise an AAD for best-effort

(AADBE) field, an AAD for background (AADBG field, an

AAD Fpr VIHEAP (AR 5T, ivelledeinagadd aangedf Yalnew i lgdween zero

AADVO) field. 46. Th? AP 5%) claim45, wherein a | ow
(Qpapd\taodenndrer erdditniom§234r access delay than a

hi gher AAD val ue. 47. The AP of claim 46, wherein the
processor is further configured to set an AAD val ue |
for #8.fi rBie AP ¢fhidaiwail, wherein @l predeteraineh AR Vakiegn any

o% Q}?e four sub-fields indicates that the QAP is not providing services an

indicated access category or of any higher priority access category.

54. The AP of claim 53, wherein said predetermined AAD value is

zero (0).

55. The‘ AP of claim 53, wherein other predetermined AAD values

represent various average MAD times.

56. The AP of claim 55, wherein an AAD value of one (1) represents
an average MAD of fifty (50) ps.
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sub-field that is adjacent and to the right of said

first sub-field when the QAP is not providing services
woaoocaig3mdi cat ed access category. 48. The AP eCTaIS2A081032605

47, wherein said AP is further configured to neasure

and average MAD value for all transmt packets of an

i ndi cat ed access category. 49. Th P of claimai8

wher®i-n SBiedAlpgs dairyedi WheredB ke yalugesfdyoghigidreg and
ﬁ?c?f—tﬁpg: B3 %ﬁ&e@&%a&ﬂ ﬁ%dt%%%rm ERNAERMOHEI Y JTHR &hd one-
nme, \/\21 an aver age h

erei D has a predeterm ned
hatf¢bbany or greggerand i s based on a m ni num nunber of
transmt packet delay neasurenments.50. The AP of claim
49, wherein said window of tinme is a thirty (30)

secosgl NMEEsLAPGdlaith BEOWherdlar&i AAD @alicestelves-unded and
accuracy range is two-hundred (ZOOé_g{m,tﬁgnd wher ei n
ﬁﬁr@umﬁ@vm@wﬁﬁ dhphsewiens at apelRdicalad Afqeisegategory are

tr ' ket del ay nmeasurenents. 51. The AP of
c%frgﬁ%g?&\%'er ein an AAD value within a predeterm ned

range of values in one of the four sub-fields is a

| ogarjit hm,.cal al ed .r epr esent at,i of an. avefa
D Por (Psian of SRR ox e i AAT A El §iEhERed and
RALEAOOI5SFindi@ites MRTAUSCNBRBLIond idRasavAlhble.om a

ti'me an EDCF packet is ready for transm ssion until a
time the EDCF packet is actually transmitted. 52. The

AP of.,cl afym 5 rel ngsai 08,0f I ], t furth
v s, 2 3 S A AOREENES oy, s
ibduddha ARimfel chtdliratioh, fiellk reheretn paist ehannelnutilizaiipn field

val ue in any of the fo ub-fields indicates that.t
Aoy 3 bR peR NG SSEL P SEaser el Bufip el Beidd sy,
a53hEYAHM B a drrisefiORRENAIE@L i ty access category.

54. The AP of claim53, wherein said predeterm ned AAD
value is zero (0). 55. The AP of claim53, wherein

of hegégr ﬁ/ﬁ% ?{}ﬂé{é‘ Slgilﬁ%%, Welrlgi% trh%plse%'&ﬁtagg kNS is a moving

aver
average.

62. The AP of claim 61, wherein said moving average is defined using
at least one parameter selected from the group consisting of a channel-busy-
time-parameter, a channel-utilization-beacon-interval parameter, and a

beacon-period parameter.

63. The AP of claim 62, wherein said moving average is defined as a
product of a channel-busy-time parameter and two-hundred fifty-five (255),
divided by a product of a channel-utilization- beacon-interval parameter, a

beacon—period parameter, and one-thousand twenty-four (1024).

64. The AP of claim 62, wherein the channel-busy-time parameter is

defined as a number of microseconds during which the carrier-sense
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56. The AP of claim55, wherein an AAD val ue of one

(1) represents an average MAD of fifty (50) nms .57.
wohecAB183% cl ai m 55, wherein an AAD val ue of  PCT/US2005/032605

two- hundred and fifty-three (253) represents an

aver age nedi um access delay of five and onehalf (5.5)

ms_or greater. 58. The AP of claim55, wherein Qﬁ
meghanisef hasjadivatett @ ghameelfqusy yodisgtion, 25uh whegsin g]i““e nnel-

whiflghs F)Xéq%ﬁ-m trvéri‘ln glr}ﬂ;l.ﬂig} Z% d%ﬁﬁ@? $isCRLRAMN &Y Eonsecutive

curren al m 55, erein an
béaé&@n\iﬁteuealg fdutrmg - ibiioH ramchvenalgd infay)befqakella(tz%)
i ndi cates that an AC service |oad is not avail abl e.
60. The AP of claim 42, wherein the BSS | oad el enent

furtger imgd udesral4hamag! whitdeld 2abi @anhetdilissfiohetiold is
said channel utilization field defines a percentage of

indlwdeds an dthap BSendeatl lements henmadi iealadnserhg Option-
Impl Illﬁéjﬂtgg be Brarﬁ%teg and'd PBSs i%aqngﬁgﬁgﬁt%%gketg% Afe.

erein e percent
novi ng average. 62. The AP of cIa|n161 wherein said

el cBtod A mofponof GRTTICUE Potp iy Rog s detey” BT Ehing

fcﬁ%ﬂé]@lacpéﬁ ¥b LHBLP, AL AERL64 codprising:
channel -utilizati on-beacon-interval paraneter, and a

beacé‘ftepamloa pafiasietiime @8, Which AP tac|packetds ready for
tran%#g%n(é]i? a%a‘%d t i gneaﬂahﬁgatetﬁrf‘e Q\‘?Wh'i‘c%d é%ews%%& t1\’[1.c1’lft1ple

usy- ara er and two-
Alctddsy-GdlNsof 3575i)d.and¢ (G&MA/@;QL) prq:homli m:im’oﬁted
channel -utilization: beacon:j ar anet er

boacAEpRITIBE e aLHBIE SaRB DL AN THGRY BB to 2
pﬁ%Qi%él) P}%} lay&etrARs @ ssfdnAhrioe&d; wherein the

anne busy-tine paraneter is defined as a nunber of
ni cr detecwimisgder thigd whinesh athavhieh rsadd - trapsevsiomniognest is

ﬁéo.ﬁglc it ed a channel busy indication, and wherein
ag ATEl utilization- beacon-interval paraneter is

def i plduRsing Aymeket Gfancatiseden tandeadtiamedeadgentartviihsng as a
itférente Between he ScondHmd S the SR HiRE ¢
calculating a total access timing as a difference between the third time
and the first time; and
calculating the MAD timing by subtracting the packet transmission and

acknowledgement timing from the total access timing.

67. The method of claim 66, wherein the transmission request is

preceded by a Request-to-Send/Clear-to-Send (RT'S/CTS) handshake.

68. A method of determining a MAD timing for data packet
retransmissions, the method comprising:

determining a first time at which a data packet enters a medium access
control (MAC) queuse;

-46-



65. The AP of claim 64, wherein the channel

utilization field is included in the BSS | oad el enent
wohers/0aissheast one of a QoS- Option- | npl enent eBCT/US2005/032605

par anmet er and a PBSS-Load- | npl enented paraneter is

false. 66. A nethod of determ ning a nedi um access

delay (MAD) timng for sin cess to an AP,
hiy%er@@lmg gisepnddamerati ‘f%hwb the riata pagketds g %ﬁ‘?%"fa“he
M% ﬁ“ dacket is ready for transmssion, said first tine
el a'time at which a Carrier-Sense Miltiple Access
{j Oa:lallmﬂahmg Avd AR nreuingSilagms ardiffexemice ibstween ithe sgeond
et er jm. ni second time at which a transm ssion
cf’d\égn @%Frgiﬂ%’to a physical (PHY) |ayer transnission
Pr oCRESIMBRAE MATFiRétNgetBarishhiksioh | tiing asha aliffewinde between a

transm ssion request i s ackpnow edged; cal cul ating a.
g CRBPSTASHHENTESE dAmarienchak Hov HaUBmsnton PR gmes said first

trgh%lfn ﬁrs cﬁ:gta%tcm fﬁdﬁ&% £ 0 nfen@BmeRtlof Q%rgﬂ"hraﬂsﬁahﬁﬁm of

ng a total access timng as a difference
t}twda/baqmckhleand] paid firshraasuhidsive ¢nd timet wis:atmgda conclusion to

t th b
s b e o HORH T ERGR A M PTG PSR TREST 500
acc e&e‘teﬁh{ﬁlﬁg a fetond RetrARENRMioAf tlﬁilﬂg Fﬁb@ﬁdlfﬂi?éﬂi@l lblettzvl@en a
transm ssion request is preceded
seRend elransmision sark dime a1k Ad seeqqmé/ ’@?Bsimrﬁéma)s faf timgg said
sé%ongt {}ggsﬁﬁssgoq{ %E{Pltﬁ NG Rg ﬁor%%@ntﬁl | Dt dgﬁtrf“alpéﬁg ack-off

transm ssi ons con‘p sing: determning a
pémmtantll timed ieA tinig aabnmleiaxemepaolf @t seepn@ tsanwnyedpw of the data

e BTN
séﬂéﬁﬂ%ra&"i‘ﬁi%b‘i'oﬁtvhﬂlgolﬁ ARGy 6! g&ﬂﬂrﬁﬁsﬂﬁisﬁm @knowlkdgeaiepbC e

bet ween the second tine and the first tineg;
determining an Nth retransmission timing as a difference between an

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

calculating a total retransmission timing as a sum of the first, second,
and Nth retransmission timings;

determining a finished time, said finished time indicating a time at
which the acknowledgement is received; and

calculating a MAD timing for the data packet as a difference between
the finished time and the first time, less the MAC queuing delay, less the total

retransmission timing, all divided by N.

69. An AP configured to determine a medium access delay (MAD)

timing for single access to the AP, the AP comprising:
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determining a first retransnmssion timng as a
difference between a first transm ssion start tinme and
wa 2006r031838 r ansmi ssion end time, said first traRemUSs06/032605
start tinme indicating a comencenent of a first
transm ssion of the data packet and said first

transm ssion end ti i ndicating a conclusion to said
fir fProFessehraigedt®hout receiving a transnission

acknow eﬁeﬁ&gﬁ;ﬁ' adBLetitHeNt ehith SEHAA HabRiti8Pe4HysHE ON
timng as a di F?erence_betv\@en a second transm'ssion_
trahsmissiongeahfirst Bwedreing pdimaias svlichen GartieeSensg Multiple

e . o ft
AGERLT Ot R AR b BT D Lo @
conmencedefdrniihe a ssegandmieraanehiich ai tvanahiskioa 1@gtiest is made

packet and sai d _second transm ssion end tine
to %HW&@WH’@“&%%@I%PW@%&%ai d second transnmn ssion
W t hout H@f&hﬂh@%ﬁhﬁﬁaﬁﬁf@ £6 WIcIR GEIP W HAGRT80E s request is
determining an Nth retransmssion timng as a
acknfofwedzgede bet ween an Nth transmission start tine and

a Nth transm ssion end. tine,. saj 1 SSion.. .

Sart 11 AR et daris g fafl Al AL ARLE Biming as
a Aeffdrefcabetwices ithabédoad airse ané the theind timfe;a Nt h

transm ssion_of the data packet and

said Nt .
transm sSpllatgd tqtabascssy BRIPE S Flkf?eé%?e g?t“é?en the third
tibdeAN sk QP 1Ak Ry edgenent; cal cul ating a total
retransmssion timng as a sumof the first, second,
and Nt h rcetoudatsrthe MAD timirighyssuldeacting thiempchet irahsmhisgion
time, said finished tine indicatin .time at which
a?‘li ac IR TRGR IS OF’et&’gi({\?éag;ac ‘%’8 %%1H§UI ating a MAD
timng for the data packet as a difference between the
finished tine and the first time, [ess the MAC qu]Jieui n
del af0. | dhe R of plaim (69 rahesin spsh Nrpeassy, i cpnfigured to
pFlXhdAth Bnliniin ‘gﬂﬂ_fa' QSRAd Rafifliclal ne a
nedi um access del ay AD) timng for single access to
the AP, the AP conprising:a processor configured to:

]9 gtr e,j} {‘n : eAlijl Afl£ rcg}lﬁélllrréﬁ t%t d(%{'n%pneaadﬁt@ Qﬁgﬁl%t folr Sdartg aﬁja\éket

retransmissions, the AP comprising:

a processor configured to:

determine a first time at which a data packet enters a MAC
queue;

determine a second time at which the data packet is at a head of
the MAC queuse;

calculate a MAC queuing delay as a difference between the
second time and the first time;

determine a first retransmission timing as a difference between a
first transmission start time and a first transmission end time, said first

transmission start time indicating a commencement of a first transmission of
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transm ssion, said first time being a time at which a
Carrier-Sense Multiple Access / Collision Avoidance
WOCBNABEBA)Y protocol is initiated; deternmine a BET@SLN05/032605
time at which a transm ssion request is made to a PHY
Iay\i{r1 transm ssion processor; determne a third tine
at ich said transm ssion request.is.agcknow edged: .
the glata Packet angd ek Tt tEHTHISEIOB TR A CKHGHIRE Gé:ﬂ%ﬂllsmn to
saﬁ&%m%QrQﬁ%n@isgi'o{qfvﬁﬂ?&ﬁ%e@é%ﬁﬂ%%rﬁﬂ@m&%mlﬁo%@éﬂmhhﬁ
hitd tine; calculate a total access timng as a
di f f er endetemineen sdvond hirettangmissiond tithing jassta t diffgrence

~and cal cul ate the. MAD timi b t ' .
bR AisE ot e SR e 4 RS bl RoR B Hme,
<3¢ S6S&Rd tr i iHissitd- stdFetiAR méming 6fer whinfeiral and Hack-off

processor is configured to precede the transm ssi

pertaesl WAL TS TREReShake Soorpd RARAPLSI Pighecinte

pe{c%[eg Ghe rsgl&qgec@n%%ﬂénﬁ'sglgnfeﬂﬁ 3k an@REKAE a conclusion to said
retransm ssions, the AP conprising: a processor

second tigmsmissian withbet recetviag hitratsmissien ackngwleHgemeni; a

packet enters.a MACG.queye: determ.ne. ecof: '

i ch ¢ naetrarip Ao 0 TR g Ralyifih AEE pierkhlE pBhveen
aif ﬁt&g{é@h@rgﬁstsmcsﬂwg Uitn!;t]kg ag_al aaNtHStranﬁiéfsfsibheaﬁb tined, wadd Nth
second time an e first tineg; termn fir
tragsmigyion sferohime eamaeneing afferra Aefemrsl s, pass-off perigd and
. Tk ansig Ssi i i: i .Sgi .
LSSy ANt o ST R0 i
N¢lo memeariEsion oénd tinet indicuting sskomeesiptheofda atrpasikission

nd sajd first transm ssion end tine indicating a
a@‘d"r?@‘fsiﬁéﬁeé‘?'fmcto said first transm ssion without

recei Vi ngaRuldtans thedi @iraskiisibedgaiints a sum of the first,
second, and Nth retransmission timings;
determine a finished time, said finished time indicating a time at
which the acknowledgement was received; and
calculate a MAD timing for the data packet as a difference
between the finished time and the first time, less the MAC queuing delay, less

the total retransmission timing, all divided by N.

79. A method for providing channel management in a wireless
network to optimize network utilization communication stations capable of
Wireleés communications with 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;

advertising the BSS load element to a plurality of other communication

stations within a service range of the first communication station; and

-49.



determ ne a second retransm ssion timng as a

di fference between a second transm ssion start tine
wande3s3eond transm ssion end tinme, said secoRdT/US2005/032605

transm ssion start tinme comrencing after a deferral

and back-off period and indicating a comencenent of a

second transm ssion of the data packet and said second

t r aradnileastoronen®ft paid jokhew sgompyuRicabiar| gkations; selegtige 2

second transm.ssi i u TVAE ASSH
RN BeRaNPn Gllpeb bith ho, KRFHiQRe Dtd THTLRSTHHS load
elehidntg as a difference between an Nth transm ssion

start tine and a Nth transmi ssion end tine, said Nth
transm ssion start tinme comrencing after a deferral

and pack-wid RERIPEr ARGl 19l GAbIdIE the CARBRNEARBM e inchude
Nt h transm ssion of the data packet and said Nth

voicanddes desreffortiand hackayaiedtratfica recei pt of a
transm ssi on acknow edgenent; cal cul ate a total
retransmi ssion timng as a sumof the first, second,
and Wt.h rBigmetiddsefictrint 73yiwlgspindétedB S hmdaelément instudes:
time, said finished ti indicating a tinme at which
t he %eﬁm%d FﬁatWﬁgﬁilé;cei ved; and cal cul ate a MAD
tinmpg fQmhiRicdBba Paskeh aserdicdi floaaengeldpetwieanit heaid
finished tine and the first tinme, |less the MAC queuing,
camimyyicdtéws stationt ssraicerload fieddhils & sepley mdigatien pf a relative
di yvi ded by N.;.72. . | di c nel
I‘ﬁﬁ% 86% loadine at ﬁéﬁnﬁ}ssg %glé]ﬁ'[/orfl%&? 8&1 %"Bﬁ ?ﬂi.%g&net wor k
uti| h2ahgthriicld st valueois set ab iaciosaloapahbdreofaictets intleded in
comuni cations with each other on wirel ess channel s,
alldiqids of the: BYS toadeleg@divuni cati on station providing a
basic service set (BSS) |oad elenent for each of a

plurality of access categories; advertising the BSS
| 0ad 78! enEhe meshed of gledin 74, whersindhe ditimigadcalement further

.stations,w.thin vice ran . ' . oned
iRURen R ettlion el I WEErf YL SpubTolht BEld s an unsigne
ifQEe RheRihdiBates al t6ab nv@lleet dfN@namanivatioh cabhtions associated
station with which to communi cate based on t he BSS

wigh @ current BSS.

76. The method of claim 75, wherein the first communication station
is a quality of service (QoS) enhanced communication station (QCS) and
wherein said BSS load element further includes an access category (AC)
service load field, said AC service load field being formatted as four sub-fields,
one each for providing a scalar indication of an average-access-delay (AAD) at

the QCS for services of one of the access categories.

77.  The method of claim 76, wherein the AC service load field is
included in the BSS load element only if a QoS-Option-Implemented

parameter is true.
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elenent. 73. The nethod of claim 72, wherein the

access categories include voice, video, best effort
wandoemacisgr ound traffic. 74. The method of cl aPar/182005/032605

wherein the BSS | oad el enent includes: an el enent

identification field; an comrunication station service

load field, wherein said_co ni, c i?n st at] service

| oad’& i elTdhe methodcof| ham fdi WaeTeoh rr%ﬁﬁ}ti&aé cpppLse an

A%!l) R rb\élsﬁgff{)ﬂ]f{g%}?)t fdilead IANATH feOpaBRBEGALd @IAEFGI) ife, an

a lengt whose value is set to a tota

AAilnfoe viddo (AATRVE fiehd; |lamdexh AADhfor vpice (JADHFOX fidd BSS
| oad el enent. 75. The nethod of claim 74, wherein the
BSS | oad el enent further includes a station count

fielth, WiHehdethadl of slatini 78] whetelin fa fivd AAD anlunindjcsds a
integer that indicates a taotal_ nunber of conmmunication

skarier ansessdelay. Faany bighes AAR yaluent BSS. 76. The net hod

of claim75, wherein the first communi cati on stati on

is a quality of service (QoS) enhanced conmuni cation
st at8@n (THShetind] oftebaiei 1O, SartheBeSnpoaihgiestingan AAD value

further includes a ess cat r AC), ser Vi .
T 1 50 <O CPenR P B dacet i o] BRGe BRnghf Sl E 8t i
afifpEntsahd th ehdlsighpbfsAa st Qib-AeldvwiHem ghé QfSisatot providing

i'ndi cation_of an average-access-delay (AAD) at the QCS
sényices o/ trdiegted gecess Categocess categories. 77. The

nmet hod of claim 76, wherein the AC service load field

is included in the BSS |oad element only if a

QoS- €pt i OFhd npbéwdnofalgpor Hetfarthes comprifigg Measuring and

met hod of claim 77, rei e four sub-fields
RTS8 AR e egy Pt pelRed) rbfhtoads st an
ihBkatkackadRuwathsdofADBG field, an AAD for video (AADVI)

1

ield, and an D for voice (AADVO field. 79. The
met hod of claim 78, wherein a | ow AAD val ue i ndi cates

a shgpt errRgGe&Hod D ¥aihd an Ahlt AR ifMPAYAL MBe is measured

and 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.

83. The method of claim 82, wherein said window of time is a thirty
(30) second measurement window, wherein the predetermined accuracy range
is two-hundred (200) ps, and wherein said MAD average is based on at least

two-hundred transmit packet delay measurements.

84. The method of claim 81, wherein an AAD value within a
predetermined range of values in one of the four sub-fields is a logarithmically
scaled representation of an average MAD for transmitted packets in an

indicated access category, said average MAD being measured from a time an
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80. The nmethod of claim 79, further conprising setting
an AAD value for a first of the four sub-fields to an
woADewaigze of the sub-field that is adjacent ardTUS2M08032605

right of said first sub-field when the QCS is not
provi ding services for an indicated access category.
81. The nethod of claim80, further conprisi % ket i
ERSEs perke) naeadye fagiiegsmision Gt ce dyge ea@ GBaBpcket is
transmt packets of an indicated access
aéécgltl‘lggg{ag{sng[gdedThe met hod of claim 81, wherein said MAD
val ue i s neasured and averaged usi ng an EDCF access

mechani sm,over ,.a c i.nugus w ndow of tine r8j
averdhed MRDARHP SR Bt WA Aol el s Ao fefifeen
283300t Ro-RuRbiRRIM AR o (25aaNnsi t packet del ay
measurenents. 83. The nethod of claim82, wherein said
wi ndow of time is a thirty (30) second neasurenent

Wi ndgyy, V’f}? ' elH ih80PEAD Salue in
t wo- %%yndr e %Bkb(gdjﬁfsﬁﬁgﬁ %h\’/\hgvgﬂ?g(igﬁ agg{i:ége%lg\@/gr ag e%i?s
ahp 9é dhe fouat subefisltls tindichten dhetl the @G5ist ngfaprowiding lsegyices an
.hpasurenments., 84. The. net.hod of .cl.aim 81 rein an

L ﬁ‘t\?glaﬁ%esﬁnc?)‘rﬁgﬂryaorp‘?efeadlé’t}b‘g lh%rdorrlén%cge%% Ca\ﬁwaﬁ’eoﬁgs in

one of the four sub-fields is a logarithmcally scal ed
representation of an average MAD for transmtted

packets iThémethsl efal&ich 86,caksreirpéd rydetsanihedekByalue
iy he). ng nmeasured froma tine anEDCF packet is ready
for transmssion until a time the EDCF packet is
actually transmtted. 85. The nethod of claim 84,

wher ggn sphd haiked of ckahues, ivwhdieinether @reddt8)mard AAD
two- hundred and fifty-four (254). 86. The nethod of

velugs represenines ious avespgs) HMRSd AAD val ue in any of

the four sub-fields indicates that the QCS is not

provi di ng services an indicated access category or of

any BdgheThermetliody oAatxiss S8atvelgaein 87 AADevalwehefdone (1)
cl ai m 86, wherei wiogﬁﬁg’?g&tpesr.m ned AAD value is zero

r(egl)e_sents an average

90. The method of claim 88, 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.

91. The method of claim 88, wherein an AAD value of two-hundred
and fifty-four (254) indicates that services at an indicated access category are

currently blocked.

92. The method of claim 88, wherein an AAD value of two-hundred
and fifty-five (255) indicates that an AC service load is not available.
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88. The nethod of claim 86, wherein other

predet erm ned AAD val ues represent various average MAD
woRoma3189. The net hod of cl aim 88, wherein anP@RMDS2005/032605

val ue of one (1) represents an average MAD of fifty

(50) nms . 90. The nethod of claim 88, wherein an AAD

b ler agheNmEsTor 9 Gaa i GYerH e 558, topd Fprheit hther
u%%f&g el 'ch%}me];l; Eﬁéi%ﬁbﬂdﬁél&, Rk EMmB&id e Rl RlliAMen field

ue of two-hundred and fifty-four (254) indicates i
défivads sspercemtage af tizre thedirshteumanicdioncdatige sensgda transmit

currently. bl.ocked..92. .The net ho l.aj wher ei n
mef R B PRI S5 hendd B s Mnstafbdaitm,

i ndi cates that an AC service |load is not avail abl e. 93.

The nmethod of clajm75, wherein the BSS | oad el egent .

furter iThel metlod, of pkgime @3y mhersin; ths, PeTee ,gwgﬁ@ﬁ% 15 a

%§%g;%ﬂgg | utilization field defines a percentage of
n%l e TIrst communication station sensed a transmt

medi um as bei ng busy, as indicated by a carrier sense

mechani s 94. .The thod of .claim.9 wher ej

per céht a&‘eo’fnef}foge‘_) i S8 V?Vﬁl_ﬁreé{} g‘?gggienfovgé g‘i%ggggﬁ fefiped
uSingCAtAeRtWhe PhI8LRILEr Selbéte@Mind gha gesiyeonsistiinf sfhedhannel-

using at | east one paraneter selected,fron1theagéggpanda

bueysims pagpragten & khwrrelpidizatioprheagan-intere! pay

hannel - Wt 1] | |.on- beacon-interval paraneter, and a
b%%%%"¥ﬁ%#$%‘ﬁ%%%gneter. 96. The nethod of claim 95,
wherein said noving average is defined as a product of

a chapnel - busy-ti arangter _and two-hundr .

fift é‘.f i V’]éh %gl}q(fgﬁ @F‘H@ b)V/thr‘f}P os&\é\% Emoaz];ngdggerage is defined
a§hanpsdudit f hzanoBI-bheatial baihsel Har enebeindrel fifty-five

beacon period, and one-thousand twenty-four (1024).,

(256), Thiedest Hud @f peediich 95, awisbprpe-yiplization- - beacdn-interval
channgl - ~Li e [a ihd S ad8fivea e -Aurddayyber of
pﬁf%?%é%t%ﬁ%%mg&gﬁﬁg’&ﬁ@?ﬁg?%%ﬁﬁarrierggnséQ el

97. The method of claim 95, wherein the channel-busy-time

parameter is defined as a number of microseconds during which the carrier-
sense mechanism has indicated a channel busy indication, and wherein the

channel-utilization-beacon-interval parameter is defined as a number of

consecutive beacon intervals during which an average may be calculated.
98. The method of claim 97, wherein the channel utilization field is
included in the BSS load element when at least ome of a QoS-Option-

Implemented parameter and a PBSS-Load-Implemented parameter is false.

99. A communication station configured to provide channel

management in a wireless network for other communication stations capable
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mechani sm has indi cated a channel busy indication, and

wherein the channel -utilization-beacon-interval
woaommeiss i s defined as a nunber of consecuti reThsamen32605

interval s during which an average may be cal cul at ed.

98. The nethod of claim 97, wherein the channe

utilization field is included in the BSS | oad %Ieme t
oftveimelgss | comynuwisations 4vith seash | Gher | o BHelese cchannels, the

I nd.. @E@q- d- 1 npl enented paraneter is

“§§F§@$£§§Wﬁ%?%%%§5n c%@%bn station configured to

pr ova deceihan pedfigurad genseteivien unsenved | tegficndemend daje from

t her communj catj qn st.ations .capabl eof. wirel ess .
ohsmimRRRICeHen AP AETRiGT HEFG R Wi AP RS eoReliS Fageg of said
O agN Gakiben station conprising: a receiver

configured to receive unserved traffic demand

dat a
f r ona airpeasseroeaniigiueed ite wa&%@heoﬁﬁﬂ%é%adealem%ifﬁr gach of a
irele servjce f said conmmuni cati on station
plu%ﬁkc§§§3?§§%ﬁ$%g$g%1 o calculate a BSS | oad el enent
for gaehsafittar pinfigured Yo afvatise slse B&Sdgad elemendtel said other

transmitter caonfigured to advertise the BSS | oad
cyrafereation $atigndt her communi cation stations. 100. The

communi cation station of claim99, wherein the

receiver is further configured to receive advertised .
BSS 10&d Bhenemmemicasipnostasion efmekeinm 99 rérereinaiecreseiver is

angd the proce r.is.fur . Ganhiagu t bl
Pfel JBuRaBET 8 ok RIS CERG G Rl Aol ther
c6AitSRdr Brat®hatandnde prooessonis flirtlasonifigurahto utilize the
deci sjons. . 101.. The, communi catjon.station of claimQ9, .
rogeavest BSRhloaglements, o Aotk satth itz CopRBIcatipR hations in
il ﬁ%l_fié‘a%E(Sciém% dagdiground traffic. 102. The

co nication station of claim2101, wherein the BSS
| oad el enent includes: an el enent identification

field;,,a gpmuni cat i t ati rvi.ce : L
wher ip ?1 Sgﬁ%i nglnl}lrhlrrllllcgé?ﬁ o%taltl{aﬂ of ik d99 awghglle?xlx db e access
categories include voice, video, best effort and background traffic.

102. The communication station of claim 101, wherein the BSS load
element includes:

an element identification field;

a communication station service load field, wherein said communication
station service load field is a scalar indication of a relative level of service
loading at said communication station; and

a length field whose value is set to a total number of octets included in
all fields of the BSS load element.

103. The communication station of claim 102, wherein the BSS load

element further includes a station count field, wherein said station count field
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station service load field is a scalar indication of a
relative level of service |oading at said

woaosdissat i on station; and a length field whoseTwabkossn32605
is set to a total nunber of octets included in all
fields of the BSS | oad el enent. 103. The conmuni cati on

.station, of claim10Q2, wherein the BSS | qad el enent . .
15§y Hé‘ﬁlgnﬁél H&é%eragézl‘fatl?‘gﬁat@_ﬁ u‘ﬁttoit?%e Inﬂl,mqi’ﬂﬁe?é cAmaymjcation
Bt fink AR 6@aH iteh dusred BERSi gned i nteger that

i ndi cates a total number of comrunication stations
associated with a current BSS. 104. The conmmuni cati on

st at | cl aim 3 ergl ai ¢ ¢ nijgat i . .
LS P! B R SO 63 Bepin s
c?ﬁhfdgﬁéatﬁdig ktatios iam QCSLand edicegior said AJS derdvelemend farther
field, said AC servi | oad, fi el Ing.foratted as
inchuless b Acpese gatogghe (AGLRetvise %ﬁ@#ﬁ#@l@@‘éﬁ?%% load field
bl {h%' HALLARAY 18 AWERAYS; ARCERH 0RbAN1diNAR) scalartiBBicEion of
for services of one of the access cat egories. 105. The
apomvarage-atdessrdelaat (ADbat theiQ'd dar sewvigesi of queeofathe access
vi.ce load field is included in the BSS | oad el enent

ser
CBYEYIFF- a QoS- Option- Inplenented paraneter is true.
106. The conmuni cation station of claim 105, wherein

the four subfields copprise an D f best - ef f.or .

( AADBES- f The qomgmigebionystabign of é@mf%ﬂ%wmr {}Eﬂ %9 sgrvice
I g | xné i BSY: 15200 D i¥ Ol CQoS-Option-

1%&7%? 5 e u&%ﬁ}{ %c'%ée %%?TTT}J(%PC gﬁ?%eﬁlﬁstogg{ on o?Q cl aipm

Ifpbemediedgaramebevis BAR. val ue i ndi cates a shorter

access delay than a hi gher AAD val ue. 108. The

conmuni cation station of claim 107, wherein the

proceesor The commblditatt@ntaglonedf tlairmel05awhddEinytheufour sub-

for a first of the four sub-fiel 0, an val ue of
fields euppHisepl A/HA O %esaﬁffaefeéﬁf\e%ﬁ_@ fgid ﬁ@%@r Bfickground
(ﬁﬁhﬁaéj rfﬁ?d sghf haipd sh Q/‘iﬂdéoh eAADY T Fidl@t aRAONA ARD for voice
services for an indicated access category. 109. The
(AADWO) fidtdi on station of claim 108, wherein said

o

107. The communication station of claim 106, wherein a low AAD

value indicates a shorter access delay than a higher AAD value.

108. The communication station of claim 107, wherein the processor is
further configured to set an AAD value for a first of the four sub-fields to an
AAD value of the sub-field that is adjacent and to the right of said first sub-

field when the QCS is not providing services for an indicated access category.

109. The communication station of claim 108, wherein said
communication station is further configured to measure and average MAD

value for all transmit packets of an indicated access category.
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communi cation station is further configured to neasure

and average MAD value for all transmt packets of an
wondiepaissd access category. 110. The communi cat POW/US2005/032605

station of claim 109, wherein said MAD value is

measured and averaged using an EDCF access nmechani sm

over a continuous w ndow of tinme and wherein an

averaged MAD has a predeternm ned accuracy range and is

based on_a m ni mrum nunber of transmt packet de]ay
rreashlper@h@ compnmicatien siatinn af EAIRANYs TRETR 581 WAD m
| |
veddR i HOREGER R e MR ) BTN Sofed Mlochipierver 3
coﬁﬁﬁilubﬁ@yvlm(hﬂg of timet anal Wheiedn @eetigeddV[ABnhswher ei n

id MAD average i s bas | east . two-hun
e aiseRe bR BT g aOAS B & Punip i iRBLESF transmit
p&gm&hs;%éégﬁréh@ﬁﬂson of claim 109, wherein an AAD
value within a predeternined range of values in one of
the four sub-fields is a logarithmcally scal ed
representation of an average MAD for transmitted
packqys e %Brdxﬂl‘ilﬂu@%l&g sﬁ%ﬁ%‘f cEHEOW, k@reifidastl window of
average MAD being neasured froma tinme an EDCF packet
tiine is aatu;rty &O)tseamsimnsswnmnt iindov, whenelrethenmrdgiesodned

i S ac sm,tt 113. Th
a?f‘ﬁ?qycfﬁmg? {V%l(?'%uﬁ}‘f‘ﬂf,de@ﬂ%)r%l 'R ngar?h qecfr ange oé Q%l]era 5%
bAREwRat 18&tawoumiied tydnshilb gacat dethyf méagurbments( 254) .
114. The conmuni cation station of claim 112, wherein a
pr edeterm' ned AAD value in any of the four sub-fields
i ndi t hat t he. C
| i T2t eqiecueb Bicpgn, Jat of U 400k AnEE AXD value

wath@:e S5 p@@ie@@ﬁﬁﬂxedlﬂﬁlgevaﬂﬂmnl ast obrthstfatr (Slubeﬁelds is a
claim 114, wherein said predeferm ned

logarighmpirplly scaled SRR P A £IETAGH |f1§¥ i ifiSPltted
pRESID 2t HB call L HRES H&t@&% @aidaéx#@ﬁgé RPABIRthg measured
PUarious average MAD tines: The cohmuni cati on

fretrad itome ah KIDEFmatket, isweadye fqr tannsmigsm untilot tigrpethelfDCF
pacﬁ? q:?ss g&hgll}g @rd%lvsen{@lgﬁ MAD of fifty (50) ms.

113. The communication station of claim 112, wherein said range of

values is between zero (0) and two-hundred and fifty-four (254).

114. The communication station of claim 112, wherein a
predetermined AAD value in any of the four sub-fields indicates that the QCS
is not providing services an indicated access category or of any higher priority

access category.

115. The communication station of claim 114, wherein said

predetermined AAD value is zero (0).
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118. The conmuni cation station of claim 116, wherein

an AAD val ue of two-hundred and fifty-three (253)
woem@sest s an average nedi um access del ay of PCcyasand032605

one-half (5.5) nms or greater. 119. The conmuni cati on

station of claim 116, wherein an AAD val ue of

t wo- hundr ed d fifty-f 254) i ndi t that .
Lo nenghed and Loltou (20 BOLCRLS (it qtper
pr%e%ghﬁﬁted %Blﬁfes%eﬂ%gg@h&@ﬁm SeRbdOMATH tighedi M 116,

eréern an val ue two- hundred and fifty-five
(255) indicates that an AC service load is not

ilable 121. Th i i i '
s fpeiis fitmimbaGeRoRataR Hhims L7 neflorBln. fhSUD value
of 6H& M) @bpiékbhts Zat éxﬁﬁa%é Bt oty €50) 18ai d channel

utilization field defines a percentage of tine said
conmuni cation station sensed a transmt nedi um as

bei 'i@%.b Ui cSiind LA L aBYnbrcRditd €16,5FRSRiIABANAADSFRlue

1227 The conmuni cation station of claim 121, wherein
of tth@-Ipatdredt aagke fiffy-thiree (253)arappesents aneavryege Iegliumhaccess

0 i catjon stati of claim 122, wherein said
dé%ﬁﬁ%* %ﬁ%i%ﬁ%ﬁﬂghﬁngﬁgﬁgﬁ§¢%b at | east one paraneter
sel ected fromthe group consisting of a
channel - busy-ti me- par aneter,

a‘ . -
chadi8! - The icpmaungeatiem stasion: drdaim 146 awbersin agnaAD value
eacon: pey! R {T8s GRATURIGEdS an o3 Bldiefted
‘fg?“%ﬁﬁWﬁgii%gi§ﬂ{reu%q§§%§%%%§?%§ average 1Is defineé
acdSssafagody ate afrrenttphlekéd.busy-ti ne paraneter and
twohundred fifty-five (255), divided by a product of a
channel -utilization- beaconinterval paranmeter, a

beagep: Pehb QIMRAHBIRISH staaitth 6N@ainh Q16aRHetalr Riny AALY value

(1024). 125. The conmuni cation station g{ cIaLn1%?§h

ofvitven-bimdrel carh Sfvelivr §355) tindhsatesr hab agy A seraisenlogd s not
a. Pber of m croseconds during which the

aV@ét%ﬁ e

I'ér-sense nmechani sm has indi cated a channel busy
i ndi cation, and

121. The communication station of claim 103, wherein the BSS load
element further includes a channel utilization field, wherein said channel
utilization field defines a percentage of time said communication station
sensed a transmit medium as being busy, as indicated by a carrier sense

mechanism.

122. The communication station of claim 121, wherein the percentage

of time is a moving average.

123. The communication station of claim 122, wherein said moving
average is defined using at least one parameter selected from the group
consisting of a channel-busy-time-parameter, a channel-utilization-beacon-

interval parameter, and a beacon-period parameter.
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wherein the channel -utilizati on-beacon-interval

par amet er is defined as a number of consecutive beacon
wonv@rosedss duri ng which an average may be cal ceCauseos/032605

126. The comuni cation station of claim 125, wherein

the channel utilization field is included in the BSS

| oad el enent when at | east one of a

ggg Opti on-1 npl enent ed paraneter and a

l.oa nmal.en [ e ; :

met ﬁg% oih%e(’tour m%fc%gogas?re | u%{cé%%he’%g‘bg’ef”é‘%g%hﬁm moving

aversgd(s fdefinesli aglacprdaets sf hockmnmelvhusyi-tiate paragneter end two-

t he net hod c i sing: .deternining a,first ti.me.at
e oS B B SeA Sk o e Sy ag) goscon
intdrval pakdBefe®] A0béachhIFerddd WatHerrCahdi @le-th@nsend twenty-

Mul'ti1ple Access / Collision Avoi dance (CSMA/ CA)
fopr 61@dol is initiated, determning a second tine at

whi ch a transm ssion request is nade to a physical

(PHY) layer transm ssion process; determning a third
ti NnE128t Whiecdonsatdichtiansthtish of dagud8s, wherein the channel-

acknow edged; l.cyl at i K i 5sj .
ORI AP Hy RS S € el Bep Rk Ty §ich the
S EePREndd TRedBidhenbdli #ididait &R £ adtatindl | Bgsya ih@ication, and

access timng as a difference between the third tine
wherkin hthef chanmelutdizatinn-beacaninkervad RaFamekes i5 dlefigepas a
subtracting the c I S
R ecé’ﬂg?félﬁ]tve?? er‘#ﬁé #&%&%&gﬁklglgaﬁﬂgcg cess PR be
caléBatethe net hod of claim 127, wherein the transm ssion
request is preceded by a Request-to-Send/ d ear-to-Send
(RTS/ CTS) handshake. 129. A nmethod of determning a

MAD {dgTi A8, of QfmAdinfeaRek Slatiof! sRBEIh SEIRNFherehe tHBtdhadnel
conprising: determning a first tinme at which a data

uilicktaen deld isineludedi inthe B&Ssloadrrlement mhep #ulagst one of a
QoS-Option-Implemented parameter and a PBSS-Load-Implemented

D

parameter is false.

127. A method of determining a medium access delay (MAD) timing
for single access to a communication station, the method comprising:

determining a first time at which a data packet is ready for
transmission, said first time being a time at which a Carrier-Sense Multiple
Access / Collision Avoidance (CSMA/CA) protocol is initiated;

determining a second time at which a transmission request is made to a
physical (PHY) layer transmission process;

determining a third time at which said transmission request is
acknowledged;

calculating a packet transmission and acknowledgement timing as a

difference between the second time and the third time;
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determ ning a second tinme at which the data packet is

at a head of the MAC gqueue; calculating a MAC queui ng
wdebmyses4a di fference between the second ti nepanastiees/ 032605

first time; determining a first retransm ssion timng

as a difference between a first transm ssion start

time and a first transmssion end tine, said fi rstthéﬁdgme

t r arfgdudating adtotaliaceessdimme 3 fidiferenes harRemns:

ahd B8 61dtasM 5 on of the data packet and said first
transm ssion end tinme indicating a conclusion to said

fi r stalaulatisgitles MAD wining by subtectingdhe pecketdnarghigaion and
ckn edgenent ; termni,ng a second retransm ssi on

a Wﬁéﬁggﬁ@q&}% g%éﬁ]ﬁgﬁﬂggﬁcegs glgjclgﬁd transni ssi on
start tinme and a second transmi ssion end time, said
second transm ssion start _time conmmenci ng after

def ek%8al Thedmehked of clager 196 wheretmdbe &Fﬁl@ﬁdﬂioﬁswnarequest is
; o
pxgegg{lz{c{‘ﬁ;g ﬁg{kggggt-t%-§&ﬁi9@$a¥!t&%ﬁéﬂa§ﬁ*rsm )tlliiehﬁisﬁaké

second transm ssion en
i ndicating a conclusion to said second transm ssion

w t hout receivyi t,r ansm ssi on wl edgegrent,;

det et nithg™$ K 9T g?%ﬁ%?ﬁ%siaOQEﬁ&:ﬁ' mptﬁlém}é f0¥ 'data packet
rélrdd ShREeas DRl wesRod Romphisidgansm ssion start tinme and

a Nth transm ssion end tine, said Nth transm ssi

ot ardetermining aizet Fmp o VAichen deircpacket G@THAGReGRM access

198 80 i Qfl cating a commencenment of a Nth
c?q‘recgéﬁlgm ssjlj%l!rlla%f the data packet and sai dNt h

t r andetemmnining enstcondréimenat whidntheadategwicket sfataa head of the
1\Lgﬁnsm ssion acknow edgenent; cal culating a total
MRfY%i ssion tining as a sumof the first, second,

and Ml&hlaﬁhgaen WA G S Rhitg AelRGSas Aedifepdrive getarebn the hedond
time, said finished time indicating a time at which
timpeand rolirsdieeient is received; and cal cul ating a MAD

B8kl e ARy R LTS «
fidetl tanshesson heatiotinle and raafissti $sinsmission repd tikde, said first
tr(ltln\élmqsegorkl) %taw‘f time indicating a commencement of a first transmission of
the data packet and said first transmission end time indicating a conclusion to
said first transmission without receiving a transmission acknowledgement;
determining a second retransmission timing as a difference between a
second transmission start time and a second transmission end time, said
second transmission start time commencing after a deferral and back-off
period and indicating a commencement of a second transmission of the data
packet and said second transmission end time indicating a conclusion to said
second transmission without receiving a transmission acknowledgement;
determining an Nth retransmission timing as a difference between an
Nth transmission start time and a Nth transmission end time, said Nth

transmission start time commencing after a deferral and back-off period and

indicating a commencement of a Nth transmission of the data packet and said
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130. A conmunication station configured to determne a
medi um access delay (MAD) timng for single access to
woOherspomsuni cati on station, the conmmuni cati on BCEMISLW5/032605

conprising: a processor configured to: determne a

first time at which a data packet is ready for

transm ssion, sajd first tinme being a fine_ at which .a.
Nibartrpasmssione wd t ipee iadicalng ) &) 15eipgn oAy 8i dERSEIsslon
ac 5\ cRf.otocol is initiated; determne a second

Ime a I'ch a transm ssion request is made to a PHY

| ay ealctitaaivegh otad reprosmission, tivking agiansum aftihe inst, fecond,
@N%I%? sai d transm ssion request is acknow edged;
a FH R FEORA ™8 hs i ssi on and acknow edgement

ti Maagerasinghgdial figl-BBE @ite! wa@nfiiked eirnadnticatingna tirhe at
third time; calculate a total gccess timng as a
whichithe agkeoledgraant laeeaiyed abflme and the first time;

and ; Mgﬁb | KeBGls! N AiffdIenRABKSH:
tr ar?g%lug%l!ugégan ag@ﬁggmfg%ggerrgﬁastj?ém ngq_sf romthe tot aIeen
thedsslsed timenand t:1firsT hiene; densithe AAACovesing delay.dpstihg tefal

30, wherein sai rocessoL, i s configured to precede
refpAnspHSS AR IRIng 2 E‘b"d@%‘fgﬁ“rh a RTS/ CTS handshake. 132.

A conmuni cation station configured to determ ne a MAD
timng for data packet retransm _sSsio rst %ge . .
conmidti c 4t icomIsERCR bR cHApeR _s‘ioﬁﬁ.gu?ae‘f) Bcegsypne a medium
adeBll Jietqgggl?[&ﬁ) ti %ﬁﬁﬂ srllﬁ%l@ akbdss o bh&BoinuMiéfibrdstdfiba, the
e e :

pac rs a queu etermne a second tine at
cothin@hidaiendasidop emkptising: at a head of the MAC queue;

calculate a Mﬁ%éﬁegitng delay as a difference between
t he SBYUATOT CARNGEHE "He first time;
determine a first time at which a data packet is ready for
transmission, said first time being a time at which a Carrier-Sense Multiple
Access / Collision Avoidance (CSMA/CA) protocol is initiated;
determine a second time at which a transmission request is made
to a PHY layer transmission processor;
determine a third time at which said transmission request is
acknowledged;
calculate a packet transmission and acknowledgement timing as
a difference between the second time and the third time;
calculate a total access timing as a difference between the third
time and the first time; and
calculate the MAD timing by subtracting the packet transmission

and acknowledgement timing from the total access timing.

131. The communication station of claim 130, wherein said processor

is configured to precede the transmission request with a RT'S/CTS handshake.
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determine a first retransmssion timng as a
difference between a first transm ssion start tinme and
wa 2006r031838 r ansmi ssion end time, said first traRemUSs06/032605
start tinme indicating a comencenent of a first
transm ssion of the data packet and said first

transm ssion end tine indicating a OQCJE usi,on ;&Aﬁkd .
fi r 382¢ r Areomuynisatign shetion ¢ aquﬁéo YR AP S oh Lung
: i } AnSEEesbd SlatRABpE :
fo??én&g%ﬂcg{gggézgﬁ%{%gﬁgé’mgg? &/een a second transm ssglEg on
st amtprbcessomchfgusedbnd transm ssion end tine, said

second transm.ssi o tart t .CO ' t

def er r al ISHEHRE A glﬁs“ &4 8%%%”%?&%% | ﬁg&agﬁt‘ﬁs a MAC
qiRRMencenent of a second transm ssion of the data

packet and said second transm Ssjo ti )

i ndi cat i Agteamineg a|sgeenshtims a&awhﬂcgégs r%ggi‘ Pﬁﬁgﬁi ig af ghead of

i u ceiving a transm ssion acknow edgenent;
thge%r%niuneél%an Nth retransm ssion timng as a difference

bet ween asilchldte ta aMAG smicomgstealay as e differemcetipetween the

trapsm ssi epd tinme, said Nth transm ssion start
S%P%‘gglglﬁﬁféﬁg?erﬁmﬁft{né?’ a deferral and back-off period

and i ndi gatdrifind 2R BASSiERAsioh timMghad 4 diffsrensd stwebn a

the data packet and said Nth transm ssion end. tine

istciroaunisgioa Fiawti e ofnd at ReiciRagPIRIon end time, said first
tr?igs(ﬁ%\gio%dsgcgg@ Bhie ﬁlﬁtuﬁagi £ cnhRhAdmbSt 513% %Eltisizl:ﬁ'ia.ﬁgrnission of

mng as a sumo I rst, second, _an. J .
tHeed ata pewketsiahsditl firagtrancmission enal Hmfei indidatigigta ¢pmclusion to

said finished.ti i ndi catin time at ich )
Ry iaagRin VaLonbrer e = Bvediadin ARtiippiement;

timng fQetdid@ndaha spasildetreBnamiisidier @iigg bas weedifférence

finished tine and the first tine, |less _the MAC gueui

betatea.a deseed pemsmisson Flart bimernsss SO T RRsmEFION end e,
STHS-E5 B TSP Bt el oaeion
péisdahanndiapingsd ogmnetekémemigofia pecinsdtahsoission ohthe data
pg(g};ﬁ%rqgén%ri] sgcotn%t tarlan I%%Siél%tn etznrda 1%1@ ﬁl%ﬂi(%@inc!guarl %E)Iilc(ilqsigx to said
second transmission without receiving a transmission acknowledgement;

determine an Nth retransmission timing as a difference between
an Nth transmission start time and a Nth transmission end time, said Nth
transmission start time commencing after a deferral and back-off period and
indicating a commencement of a Nth transmission of the data packet and said
Nth transmission end time indicating a receipt of a transmission
acknowledgement;

calculate a total retransmission timing as a sum of the first,
second, and Nth retransmission timings;

determine a finished time, said finished time indicating a time at

which the acknowledgement was received; and
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packet transmi ssion tinme and a tine spent waiting for

and receiving an acknow edgenent for a quantity of
woacle@B143s ansm ssi ons occurring during said perPCoasei0s/032605

duration, wherein said packet transm ssions include

packet retransm ssions; determning a total

enpty-transmt-queue tine for a plurality_ of access

cat egor i eslculsteraiMAhtiningt &ir theptdpta rracket asqaedidference

Lie i d i ods .pf o] i - -
befegn bt i 1t 883 1Bp it Pl Teal o N b B Bdtay, less
tHeuRtd1a6traAgmiditor Bindhg pAL#eidddrtanNni ssi on durati on,

the total enpty-transmt-queue tine, and the total
transmt-queue-deferral tinme fromthe period of

dur afgdson ﬁt fe¥idd & SetbRhlinghhife finthiiedulititéd 6ver
total difference by the quantity of packet

a tpredes ennsisied psrivd ob Bueatioraeprapmsinge MAD timi ng. 134.
The nmet hod.of cl ai m(%sg f%rther conpri si ng:
det er m nid5fRRE BPEOF PLAMAU P queue- def erral tine for
t he pl ur @etdrminingas cess ppokagrhhesissivhedwiationdhyd summing a
transmt-queue-deferral tinme include .x%eri ods ,of tine

Paielielt rigansmisHioph BIag: GBS 2 cMEg BTSRRI (&g 3pflefeetving an
aél%%g@g%%e\fﬁeﬁtrf&né "QuAntity sf }Igegzkgt BRSEM i d¥ufiies @aring said

racting said total transmt-queue-deferral
petiod 6f alnrttient ovbéreih f faid e pockdte ftransnigsigns oinglude packet
ifference is divided by the quantity of packet
T anSe9Pons to obtain the average MAD tinming.135. An

AP for usRtérmid@ieh bkl Ren@-tevesnaigeubd®timeiforga plurality of
eval uated over a predeterm ned period of duration,

agessel APegoBiesr MHeTEIn gakl Geled sEPPROHPPYRItANSYS: tigRs jipgudes
P B! 'o?dtig:{e Qfgl&?{% %icge{r%ﬁgfnﬁe q%eﬁ@é af ﬁ?emﬁﬁt:ess_ categories

ransm ssi on ion by summ ng a packet transm ssion
rémainedreangtyt | e spent waiting for and receiving an

ggl;ﬂ:)\r/v! ﬁgs%gg%% i ]:ggﬁ}% t%a?”ﬁécﬁc‘ét Qc];'a sa}ﬁllégitont (riﬁlna&%ns,’ Si@$otal
empty-transmit-queue time, and the total transmit-queue-deferral time from

the period of duration to yield a total difference; and
dividing the total difference by the quantity of packet

transmissions to obtain an average MAD timing.

134. The method of claim 133, further 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 higher priority queues; and
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.
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peri od of duration, wherein said packet transm ssions
i ncl ude packet retransm ssions; determ ne a total

wenpicy3igzansmt - queue tinme for a plurality of RCTAS005/032605
categories, wherein said total enpty-transmt-queue
time includes periods of time during which transmt

gueues of the access categorjes renaine Ly,

subt¥3®ect AthePtier &Fe Bhéf{‘@mli“&ﬁsa}ﬁ a¥§rgae Mﬁﬂ%‘ﬂ‘g eypiuated
oJthaﬁéreﬁgwdﬁtiﬁ&f%éﬁJd' 0 Eioh! JBd ANrbHEsihet al

transmt-queue-de

erral tinme fromthe period of
dur at poicedsor yorefighred t@t al di f ference; and divi de the

t ot al diffgrence b Ogﬁﬁrﬂan_tity of packet
tal

transm s&eBRE 2RSS “Yverage MAD timing. 136.

The AP ofgegdraiifie 13 botalpaekétntraabthigicic dasaion byf surhindiig a
configured to: determ_ne a total

packehsiprsmyission. Higieepnd| atlie sremtt Waithie,fon ppg geelving an
FRERIREA TS, EapatlE) Ot B8 Qapepbsions sceprsins dyrine e
pétioe ofurdurgtiohj ohhdrein agaiés padtedransesisdenseringkidenaiacket
respective transm ssions to higher priority queues;
reliRPIRSEPESt said total transmit-queue-deferral tinme

fromthe daddhindid t6aeRePHthEMEniSAudut airab foif bf pluealtly of
is divided by the quantity of packet transm ssi.ons ,t(i
aglesai categoaicay evhegeinvamd itofiah empty-trangBHrHeUEatimsy includes
. on {. - | r r-@g I 1] .
PR ., 55 AN LAY mierton, A o
r&Aaihed@mmpty) cati on station conprising: a processor

configured, to: defjne a period of. duration: t er m.ne
S Total " bkt Hie ) Bah Hrelinat Ay i g o Mwty-
tRACKBE-qhE@N$HhS SARD the MBtaNtradsiditBusnedéfenal thimg from the
and receiving an acknow edgenent for a quantity of
periodk of duradivontosield mstobaldifferenge;and ng sai d
divide the total difference by the quantity of packet

transmissions to obtain an average MAD timing.

136. The AP of claim 135, wherein said processor is further configured
to:
determine a total transmit-queue-deferral time for the plurality
of access categories, wherein said transmit-queue-deferral time includes a
periods of time during which the access categories deferred their respective
transmissions to higher priority queues; and
subtract 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.
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period of duration, wherein said packet transm ssions

i ncl ude packet retransm ssions; determ ne a total
wenpic3tgsansmi t - queue tinme for a plurality of RCTAS3005/032605

categories, wherein said total enpty-transnt-queue

time includes periods of time during which transmt

queues of the access cat egorr es reénar ned .enpty:;

subi®het Atch@mt‘@”tl‘éﬁ‘t“ﬁ‘a%tﬁgpnt P Has AN St HRIRG AR erageMAD
t al ra
£ 5'%&' HEtekiniReq @ e §fot @hrati id
m%l% ns(ran%mg%tgue ferr%tr r?e frodm ?%Iéibger(rsfgd 01]:a o S
c01tdm1tn&|t1b?mcf>r§staylonlcdm@rlsmal di fference; and divide the
ot a i fferen he quantity of packet
traﬁ%%?@n@onﬁg‘lf)‘ﬁ din an average MAD tining . 138.
The comydtifed beRodbBduramioaf claim 137 wher ei n sal d
processor is further configured to: erm n
transm t defgemine)af toFalapadke r"ﬂﬁ‘mtsﬁén ‘Hraﬁllo e'&’/y 81‘1mmmg a
patcﬁgt %%an“sﬂhgﬁf?ﬁ 'tgﬁ]p érﬁh‘i‘f eltﬁnec‘ %bgnt waiting for and receiving an
-queue- erral tinme includes a periods of
acknawlemrgemgt firiacquartiity af peclketdaamyoissions gequaringdluring said

tive trans Ssions. e
Pear? bfiPS"”l:tlmlb ait ef?}Palsa} a?rasc?ﬁg{] %ﬁgei%{éﬁ) rraﬁqu&é packet
retfa@@difigodtOt al difference before said total difference

is divided by the quantity of packet tr
obtain t ﬂ@t@%‘)@ﬁ%gﬁq %/ﬁ ngmlt -queue rﬁfemfosx'sfla.o urath%y of

access categories, wherein said total empty-transmit-queue time includes

periods of time during which transmit queues of the access categories
remained empty;

subtract the total packet transmission duration, the total empty-
transmit-queue time, and the total transmit-queue-deferral time from the
period of duration to yield a total difference; and

divide the total difference by the quantity of packet

transmissions to obtain an average MAD timing .

138. The communication station of claim 137, wherein said processor
is further configured to:
determine a total transmit-queue-deferral time for the plurality
of access categories, wherein said transmit-queue-deferral time includes a
periods of time during which the access categories deferred their respective
transmissions to higher priority queues; and
subtract 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.
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