[0001] METHOD AND SYSTEM FOR CONTRCLLI NG ACCESS TO A
W RELESS COMMUNI CATI ON MEDI UM [ 0002] FI ELD OF

wo BdENIISAN [ 0003] The present invention is rel BABUS1005/627956
Wi rel ess comruni cati on system Mre particularly, the
present invention is related to a nethod and system
for controlling access to a nediumin a wreless
comuni cation system [0004] BACKGROUND [ 0005] The

[000115 EEE 80@1& %jimlﬂé?S&‘EM%R%ﬁggﬁb%ﬁ%ﬁ Ex'taé%gse”
et up tO e a
rate in excé W%ﬁ%&bmi ﬁ Nﬂ? hput
data, such as high definition television (HDTV) and
tream ng video. T tﬂi‘ﬁﬂ?ﬂ {nvum t hr oughput of
[0002Exi sting st andardsh@iﬁﬁggg.l a gr@ﬁrgéE 802.Hg is
[0003Rr oundThd pregsnt @REntiod Ri@heed tsablieldss Pogipuhidasion system.

around_ 25 Mops. [0006] It would be desirable to :
More pagticutandy mbhe neesendi enventiadl isnrebated stoc anmethod Ny} system for

¢ cﬁgchitect ur e and,.assOcCi at.eciﬁgrocedures whi ch Su port a

contro}lipe A4egess o U 103 QPTIGES FYRRTNIERtIPD Sy stam.
optim zed to nmeet a throughput of 100 Mops on top of
the service access point of the MAC | ayer under the

[0004Eurrent | EEE 802. 11 wi BAGKGRIQIIND ar ea net work (W.AN)

0005L o S G4 R SR SR s ben stupto
develdy¥ ARl PielSss'EA AU WAL FRLNATe 30 G563 16280 bps to deliver high
ch n?‘ rol Ygl

ng access to a mediumin a wreless

througleptitida g stiel as higle defid thiNG edeviBiongEIDTY) bt d|stieamieig video. The
the existing | EEE 802.11 MAC architecture and its | EEE
theorgfical Hnaximauan dhseeshmtopbexitding ghandaydst BrREN8@2.1Aa and IEEE

021 T BF i TF SRR R e AP o e eb Sl S rfupe 25 Mbps.

[0006PNe SCRefhRIObd Be8vAKIR 18! 3resald # MmdreRMicical ﬂé&ﬁ%ntmﬁ@é’ess control

managenent SRA (MSRA) and a contention period.
(MAC arehtiedubeand asfdeited proaediunes Whichrswpipoota widety dafiphysical layer

. SRA and MSRA is transpitted for. TheMAC architecture
interfagen B B, poPHEPE JFOCBRE U APtITGHE BﬂbﬁgﬁBQ Hibpsian top of the
servicUHc%HQéqﬁb‘ﬁltfdf the MAC layer under the current IEEE 802.11 wireless local

area network (WLAN) service requirements and deployment scenario assumptions.

[0007] SUMMARY

[0008] The present invention is related to a method and system for controlling
access to a medium in a wireless communication system. A MAC architecture builds
upon the existing IEEE 802.11 MAC architecture and its IEEE 802.11e extensions to
provide higher performance. A superframe structure is defined in time domain to
include a contention free period which has at least one scheduled resource allocation
(SRA), at least one management SRA (MSRA) and a contention period. An extended
beacon (EB) incl}lding information about the SRA and MSRA is transmitted for. The
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non-real tinme (NRT) traffic and is nore efficient for

real tinme (RT) traffic than | EEE 802. lie while
woraioa20520 ng ful |l conpatibility. The present | POENE2005027956

reduces station (STA)battery consunption, supports

hi gher throughput for non-real tirre (NRT) traffic and

is. more efficient for real tinme (R]) trafflc

MAC %réhlfp?fé’d'e B?dIF@EQ afaon batterygonsgnipiion. §PHP rher throughput for
non-re%? Lt L KIQ!E&T‘J c}%af %{?8 1s IHfSEe RESSERE fdr LG h'n%%1 } st Eﬁan IEEE
ad present invention provi

802. 11|33| ﬂhﬂé mﬁfrft@hﬂimlgCﬁllf ajrmﬁ!&l”bﬂﬁ:yvﬁ‘hemeb@ﬁﬁ riveatiahi ﬂeldh}tes station
and a hi gher nunber of users aor a higher throughput

(STA) battery e@faﬁuraatlbp, sumergizigher thronghphbfrrawndresd finpr (NRT) traffic

h
an s EREEIRASTORS b B ) DR B SBhun B PR, S e whit
malntéﬁﬁﬁg@ﬁuf&%;ﬁ%{ﬁlﬁ&S and corrects the | EEE 802. lie
unfalrrness towards” access point (AP) transm ssions.

[0009][ 00 10theTheesentsaventior elitiinates @hidden hodagroblem. The present

1nventéq?r[ igg(; ﬂa lea{ Lol %&oﬁ%{%ﬁ%?yﬁ%ﬂtﬁ?&ﬁgﬁﬁgl n@qull‘%l é.]ftlg a higher
numb«%lpp srerw re]tglfug{h Wﬁl&%ﬂ?@??‘?&@%ﬁdmﬁgﬁ @E 1]8e on enhanced

distribited chefAnehhgbes (NBCAS fdrCN Bﬂbserﬁzwesymdewneﬁle transfer protocol
I nt ernet protocol (Vol P) applications with sim!|
(FTP) ¢e| wigb joreweng: srger similar leencggequitements: aad corrects the IEEE

oor di.n at f t I
802.1 ¢ Rpdittiges FRme i, atie S (A bR a0 G, backver d
[00 10]C 0 ”p at’l"ﬂlal ﬂ)ﬂefsﬁnﬂ\dﬂvrénk:ﬁﬁ'-:pl‘%eﬁiel;hlm Qél(foﬂ'lhﬁnéeﬁﬁﬁ RT services while

.11le extensions, as well as with | EEE 802. 11k
guara{lfmhﬂﬁg quhtityoésenvice (Qasy reﬂucsd;ﬁém power conswmption, higher MAC

eiic R et eSS BoE A, Sk it ppre to IEEE
802. 1%3253;1?%0 ”h%fohde‘ih MRE! o ﬂnghgél?éb’ oot dvep tﬁ@kﬁeﬁiﬁﬁétdcel (VoIP)

m Ae and tion rates, the use o

applicationBerith edinflae Qiela{y jittericbmipared a EEEE 8024k diybofd coordination
channel state information ( CSI whi ch nmay be used to

functiem (HEE econtealind chaamed pepassi(Bi:CAupport of hybri d

[0011]""(‘j|t0|[‘§I 'e(cgr;ﬁ% 8ﬁ3} e%%%%%&o&ﬁ%acﬁﬂgrfw}ﬁﬁgﬁ&lﬁ& GAUETEKE 802.11

MAC and its IEEE 802.11e extensions, as well as with IEEE 802.11k.
[0012] The present invention supports efficient physical (PHY) operation through

m

orderly back-and-forth transmissions that enable the timely reception of channel
quality information (CQI) used to determine coding and modulation rates, the use of
channel reciprocity or, if necessary, reception of channel state information (CSI) which
may be used to optimize transmitter operation, support of hybrid automatic repeat
request (ARQ), and enhanced frequency hopping (optional).

[0013] The present invention incorporates a flexible design which supports
different types of PHY interfaces including, but not limited to, multiple input multiple

output (MIMO) and forward error correction (FEC) coding techniques, orthogonal
92-



[0013] The present invention incorporates a flexible
desi gn which supports different types of PHY
wo paoe0t@ees i ncl uding, but not limted to, mulPCPUS2005/027956
input multiple output (MMD and forward error
correction (FEC) coding techniques,

AL B TR KRR N
it 5B (L S B S0 e to e

bandwidyesif metepsay des enhanced peer-to-peer direct
transfer of data under the control of an AP and

[0014k upporFhepresentynventien poevides enhanepdpear-tepegredirect transfer of

data GRRRBEORDL 6] R MDA HBRCF L TG PECERIUIP GTLcPAgorvice area

coverdddVaid tsmay be had fromthe follow ng description of
a preferred exanple, given by way of exanple and to be
understood in conjunction with the acconpanyi ng

10015{ne ar o ¢ cHEF TS CEIPRINNE OF T PRGSO ™ ©
[0o16] "VeNiA Rord @Qﬂa@kﬂﬂ&&%ﬁ%@%ﬁﬂ&c i&nﬂén%ﬂinaﬁlg b& had from the

upertramnme structure w operation I

followae€ dedeiption dfha thef@ared examplee givedn by @a¥f &tgupR and to be
is a block diagramof a superframe structure w thout
underpstagddn coppanretianwith bhe aecommpanying wlraweng vaergin:

0017] [ SCi@en g 8 o Pock St of MARa i Bageordance with the

prese@CReAgdRe W th the present invention; [0021] Figure 5
is a diagramillustrating slotted Al oha operation in
[0018VBRA; Figdee]2 Hs qurkdecls daagirain anfea bduperficinag rsdrmctofe with legacy

exenplary frane . ith d wi t hout
opers G R R B SRR ae gy 2nd i Lhou
[00 19]E”"e”tFigﬁire (0231116619 Wi S 963 t A stREAGLS wAtlbut legacy

B tranSm ssion i n accordance w
operation in accordance with the present invention;

[0020] Figure 4 is a block diagram illustrating a flexible superframe structure in
accordance with the present invention;

[0021] Figure 5 is a diagram illustrating slotted Aloha operation in MSRA;
[0022] Figures 6 and 7 are block diagrams of exemplary frame exchange
sequences with and without ACK, respectively, in accordance with the present
invention;

[0023] Figure 8 is a diagram of beacon and EB transmission in accordance with
the present invention,;

[0024] Figure 9 is a block diagram of an IE for frequency hopping in accordance
with the present invention;

[0025] Figure 10 is a block diagram of a resource allocation request (RAR) frame

in accordance with the present invention;
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the present invention; [0024] Figure 9 is a block
diagram of an |E for frequency hopping in accordance
Wowaokh/ 024320 present i nvention; [0025] Figure 10 PGI/ES2005/027956
bl ock di agram of a resource allocation request (RAR)
frame in accordance with the present invention;[0026]
Figure 11 is_a block diagramof a frane bo(%%j gf t he
bady, @

[0026RAE 1 r Brrenlhds ot dlerde dgnam 1wl g feapat tthenRAR frame in
et ck diagram of each RAR bl ock
accor‘%lggéec‘%ct?‘da%c@ejsg?tﬁ} nt]l'i(’?lt—ﬁsent i nvention; [0028]
[0027Fi gur eFibtire Sl Righh M&fcmdﬁ@wﬁi} 6f osth RARblogk ah|saeatdzoite with the
response frame in accordance with the present
presephimvemtoon; [ 0029] Figure 14 is a bl ock di agram of a

o0oe] e BEes 1SRRI R SRERE5 e famo

accor&éﬂéé’ﬁﬂh@ﬂe%x%s@ﬁ@%ﬂtﬁﬁf am of a general nanagement
frane I n accordance with the present invention; [003

[00291] Fi gHiguré6l4 & a bibddcdiagirany afha éfame foodyef lthdy'esdiurtch allocation
&m nt frage in a cgl;dance w,.th the present
respopgg H: APEIINCERG € present IRy agr am of an

moz&ofeser%@nggg :T%tn%r %%Iif ra% dfn 1%%‘ ?ﬁl‘éﬂgﬁﬁeﬁltﬂeframe in

accor@inéd @Rhﬁméqsr%seh’emadm accordance vvnth t he present
invention; [0034] Figure 19 is a bl ock di agr am of an )
[0031ER eI eRigwrei 1a@d®pdadw@re\m¢f a framerkoslynf tha yeanagament frame in

é %’Ytllil ure K%ock di agram of an SRA Schedul e
accoraaRgfeRt ea@@&?]a H?:Vee Y the present invention;

[0032]] 0036] FighFdre idh l')l%cl@ dba\giﬁhl §f AYOFDMf I\HM@@%IE’M&& $& element
in accordance with

in accordance with the present 1nvent10n

[0033] Figure 18 is a block diagram of a CP Access element in accordance with

the present invention;

[0034] Figure 19 is a block diagram of an EB element in accordance with the

present invention; ‘

[0035] Figure 20 is a block diagram of an SRA Schedule element in accordance

with the present invention;

[0036] Figure 21 is a block diagram of an SRA Block IE in accordance with the

present invention;

[0037] Figure 22 is a block diagram of an MSRA schedule element in accordance

with the present invention;

[0038] Figure 23 is a block diagram of an MSRA Block element in accordance

with the present invention;

[0039] Figure 24 is a block diagram of an ORA Schedule element in accordance

with the present invention;

[0040] Figure 25 is a block diagram of each ORA Block IE in accordance with the
4~



present invention; [0037] Figure 22 is a bl ock diagram
of an MSRA schedul e el enent in accordance with the
w@e@sonts20 nventi on; [0038] Figure 23 is a bl ocRCTHUSORMT956
of an MSRA Bl ock el enment in accordance with the
present invention; [0039] Figure 24 is a bl ock diagram
of an ORA Schedul e el enent in accordance with the
presexyy @yentionhvent i on; [0040] Figure 25 is a block di agram

f eagh ORABlL.ock { Ny d e .
004167, 2258555096513 b BBERHCE G B Soh RREREIID iy acondanes
with tﬁé%rggﬁgj foveatiogn | E i n accordance with the present
i nventi on; [0042] Figure 27 is a block diagramof a

[0042Res ourBigusé RFdati binclidiagrasaof aRaspuree Aeeatiem Notificaion IE in
he pr t invention; [0043] Figure 28 is a block
accor‘iﬂ%&r"&ﬁﬁ%eéﬂgﬂ‘?}&w&ﬂﬁ&gt ructure for simulation;
0044]mEi 29 1 ' foi ' let S —
0043 0% LAY 23 R Mg Ll AR GRuE st
[00440i agr dfigaire 201 hatiagramed sithaldtion sestid agfer detraighput comparison;

o0se} O it G L b gho A S e L
o0sc| 2 V28 80111 TR A HiuAlAF UL B Bty v

applicd@ion d#taeralieforebight (§Busdtsers; [0048] Figure 33 is a
bl ock di agram of direct -1ink protocol (DLPf signal i ng

[0047] n acclBiguaecd2vist b dirgrenesefnsimmlasian gesulteofpy] average system
Figure 34 is bl ock diagramillaustrating nessage

throui%}}glﬁé}z]%@gpapa%ep ‘ga&fl}'ﬁt‘? ora@gbL nEE W t % the p?esent

[0048] NVentERiire [330R0] pHdQUlR A 6f dirdePRARBraficisl (DLP) signaling in

slotte oha operation wth collective ACK in
accordurnerwighdhepreberithimvenéieant i nventi on;
[0049] Figure 34 is a block diagram illustrating message exchange for DLP setup

in accordance with the present invention; ﬂ

[0050] Figure 35 is a diagram showing slotted Aloha operation with collective
ACK in MRAP in accordance with the present invention;

[0051] Figure 36 is a diagram showing slotted Aloha operation with immediate
ACK in MRAP in accordance with the present invention; and

[0052] Figure 37 is a flow diagram of a process for SRA assignment in accordance

with the present invention.

[0053] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0054] Hereafter, the terminology "STA" includes but is not limited to a user
equipment, a wireless transmit/receive unit (WTRU), a fixed or mobile subscriber unit,
a pager, or any other type of device capable of operating in a wireless environment.
When referred to hereafter, the terminology "AP" includes but is not limited to a base

station, a Node-B, a site controller or any other type of interfacing device in a wireless
5.



[0051] Figure 36 is a diagramshow ng slotted Al oha
operation with i mmediate ACK in MRAP in accordance
Wwowaok/0dse0 present i nvention; and [ 0052] Fi gur ePGIUSB0OR027956
fl ow di agram of a process for SRAassignnent in
accordance with the present invention. [0053] DETAILED
. DESCRI PTI ON. OF THE PREFERRED ENBODI I\/El\rrssé Q054]
enviropspentt tereaftes, the tarainelegy’ STA" refpes daasS Hyconfignrad to support

hpiqted to.a user. i pent Wi
e B2 P ol Py ST ¥ S eppfeured o support
IEEE SuPscr PEEEEN8(2.18.pager, or any other type of device

capabl e of operating in a wireless environnent. Wen

[0055]r ef er Hereivatier fdfavang termindegy molldpyusedAn theqimegesst invention.
but is limted to b, station, 5B, a site

AP mein 3RY A that T sGTR e WD Ehs PrPRUBH TR G0dck e amard. STA,

o B SRIP EEIVER e S Sl ST Aoy any ST

that isconmpliaewitdr thenmbposed TRIE 89214 'stahdard. tleegacy AP means any AP

that iy GUSBIRPEREhBEEE SUOLE S TF e PHBHOG )RR IE0Add standard

in the present inv i on, t j
and kS SESCEI s LR DR EORERy Mo bt Logacy STA
includedAany ®TAN{IRtCRapaaphlint IWwitE BOEEH802TA, stir@lards predating the
t hr oughput iHT) STA), means any STA that is conpliant

propossicdt FEERe3(2. dpo stand adraisd therefenednesmnt suppary e peenesed IEEE
ny, AP, that is conplaint with | EEE 802. 11 standards
802'1%é%}43ﬁa'the | EEE 802. Hn standard and therefore does
[0056]70t S lmgféfgtfte&mleqfregé}&%ﬂvé&% F98 pEdestrMBintont&8aFith an IEEE
STA includes any STA that 1s conplaint wth | EEE
802.189 2ntircsimentar doweweaatit shotldebemuted dthat BEE @@Rehh invention is
.standard and therefore does, nof support the proposed
applicpplertiany pHhen WHEHSE COPIBEBICAHONRINEMMMERES. pr esent
i nventy NalE [ b N ' I
10057k T80 NEAG, i e REB i 8 R fohionfity

existih@ EEPEE 802111 MWD airéhitéduid Rhi dBDIEER0S621Y 160ehtdnsions to provide
Wi rel ess comruni cation environnents. 50057] The, MAC.in

highenpedpriaavee farmetweskpwhinhvincluded HER 802.dilneomplipmtidand STAs.

The system in accordance with the present invention reduces station battery

(=1

Higils upon the

consumption, supports higher throughput for NRT traffic and is more efficient for RT
traffic than IEEE 802.11e while maintaining full compatibility, supporting both le;;acy
and high throughput STA at the same time. The present invention provides MAC
architecture and procedures supporting a variety of physical layer interfaces that may
be optimized under the current IEEE 802.11 WLAN seI"vice requirements and
deployment scenario assumptions.

[0058] In order to achieve uninterrupted operation for STA while maintaining
full backward compatibility, a superframe is partitioned between HT period(s) used for
IEEE 802.11n access and an optional legacy period used for IEEE 802.11 and IEEE
802.11e access. Both RT and NRT services are provided to STA during the IEEE
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exi sting | EEE 802. 11 MAC architecture and its | EEE

802. He extensions to provide higher performance for
wmedanso2dsso whi ch i ncl ude | EEE 802. H n conpl i ant P&RUS2005/027956

STAs. The systemin accordance with the present

i nvention reduces station battery consunpti on,

supports higher throughput for NRT traffig dis pore )
802.11af periocbef thieyumrr framerysing dfferertmesbodseNERE pReration is typified

mai,nt ai.ni ng, fukl,_conpati bili '
by unsfRS R ) ik ST RER ekt TR FhBoap1RlchyBgoments.
[0059]1 NVeniiRMIPAIL\(AFeS SIYAG diteNirhfsfens qirandbriyy € €Herdscretion of the
supporting a variety of physical |layer interfaces that

controtey, whichpwilligeadrallyl éput het negasearily)Brcimplemantadsn the AP. No
ervice requi renments and.depl oynent scenari
conten}iony, i} JHRPPIHOHETINE, WiticlTS SUMeZy R APErPuedlT STA
. . Lot aini ¢ _
AckoJAERSHLGN, £ RIOAUL 5,0 B0 LR BT e v
directipar (0slsk, useSTAc» APEEHt&O2ingleacre analtipld packets| alepending on

B S N e b 18 o ) ot
. [ .t | EEESQ2., H ' . i
ot QR S AR Kl B b B e

use ofuBPpKidtichedd Schédulhg ellgomMeimb Nghildd anaptidkeWritd Acount buffer
formal |atency requirenents. [0059] Downlink (AP->STA) .
occupatuysastwell ek chanasbcaiulitions te firthesenkancasystemmerformance. This

operatGS i Bhe Sl Sehod AR e LUl ACRIRAR okl in the
superiﬂ%‘@ﬁng this time, either fromlegacy or HT STA

ow edgenent and feedback packets are regularly
[00601t r ans U plixk (BTAFMAP) elata $eantiferscareoacdonpplistied via a slotted Aloha

bandvate gaeestorhostls Sbon Sl aEh s JRPRPRRP HRtiGBBRE PaFmission to
nqd a ' 11l 7 '
transf552R 504 BoRARRR 80, Ao RALALABRDNRABRAb A Heckets are

regularlie tvg@saitted i $hé caveskes divedtibhngftal ginglehos miiliiple packets,
may take into account buffer occupanc¥ as well as
A

dependingretorutitidinsiandsas kas beerhregosintad betwgen the nodes. The requests
o soRE S oo be VSR R TS5 B g g

an SRAVPBEJABE of short packets in a slotted Aloha mode increases throughput and

=

stability at high loads and eliminates the hidden node problem as STAs are not
required to sense the medium for contention. As in the case of the downlink, the
mechanism is flexible enough to allow the use of sophisticated scheduling algorithms
which may take into account buffer occupancy as well as channel conditions to further
enhance system performance. Small packets used for management and control
purposes, (e.g. in order to set up RT operation), may also be exchanged at this time.

[0061] RT operation is typified by predictable data rates. The resources are
indicated to each user by an extended beacon (EB) transmitted once or several times

per superframe. As a result, the polling overhead is reduced, but more importantly
e



[0060] Uplink (STA-~AP) data transfers are
acconplished via a slotted Al oha bandw dt h request,

wa beobos2@f t er foll owed by a response indi catiPQr/uS2005/027956
perm ssion to transmt data. As for the downlink case,
acknow edgenment and feedback packets are regularly

transmtted in the reverse dlrectlon after single or
STAs mue tre@ulé‘eéat@ Histen oadyarfanald teactiomnef &heo‘a@leawh Ghragdices the STA
t
power, cé)ﬁxtsu ot %%(flﬁ;g%%tg ﬁé réé e nog%%&}f% ngct%tssaaﬁf‘owledgement

and féeﬂBE@ﬁ Phkets are 9éélﬂbm3ﬁtraﬁéﬂnﬁltﬂe&m Hifrevbise diaptionhfter single or
short packets in a slotted Al oha node increases

multiplerpacgeis, tamlmarsb@bxp]lowﬁdé;p omntlgmzeqﬁwlm dayer penfermaance. As for
t he h dden node, bl dt
NRT seodpl lpﬁé?aﬁ‘e’iﬂ’in& ot caie s oRbEn el fopfitng e of O ne

one 22 18 8 AR L 4 i, i

the EBaynlloatsepowen sawtmg whénfdrei ST cepasdyeqsenuyl bands to search for

. . channel condit]j ons tofurthe enhance system
neighbers: ovependetheskl allows kex geii@&lenfcgrmwﬁag@ﬁ@mmsrﬂdmng neighbor

cont.r r (
scansHBRIRRIER g (B, U BEISHLAE, BEL byt ene ST,
[0063$T OPEeTRS MBchss betpahéaettoy ap aqewqtaw o hd h @atét As the low rate,
he resources are indicated to each user

the EBxhanaienlidadtonsrin(axspndingnearige: A4 high aatgs, i%ez %?Pahas iam?ﬁcations

in dedh B eopt Toer bR M i ADTRRIL I B RLBERrS nctucing
IEEE'tELO;zt. %Qﬂh%o% -PORE sdg.aehi P0y20f40 MBS LAB MR 90 NBELSSSation

power consunption’ requirenents. As in the case
(IEEE)BOBIR’][rﬁerw ces, acknow edgenment and feedback packet s

rere uIarIytransmt ed in_t revers ction
[0064laf Cer “Dhoditben rapleee she Shdariaboacia ceat il casm Copiadn some or

all thg 1%91513.'{10%1 1BH¥e§1t§ 3 thé& g}llr ge[)r{(%?{ifb%r P@xgcﬁrl]sd;ﬁ% E%B%\B}_e of variable

Tan consi anne
leng ﬂgondltlons [ 0062] The EBhas the several applications
in the | EEE 802. Ilk standard. First, the EB all ows
[0065pover Eigrrad isadiockh ggnagtdwsI\MQa jtsetpem el which expands the

archi‘?eg e C{ﬂli’ti# ?qrﬁl{%ﬁ?l? 38?%21%} 1n drfgo %ﬁ a%:‘]#é %@% Qo%ent invention. The

MAC %@Hﬁb@&é%(ﬁﬁ&lhﬂé@@ I«és%rceTBMﬂamaﬂa@n EBnepibs MRFE)NL05 and a
range of the STA. [0063] The EB can be transmtted at

dlstrlbuted/vcommnmoﬂmfghctlane(D@F ) f1A6. | TherBEF 105 may include a point
coordination function (PCF) 115, an enhanced distributed channel access (EDCA) 120,
a hybrid coordination function (HCF) controlled channel access (HCCA) 125, an RCF
management channel access (RMCA) 130 and an RCF scheduled channel access
(RSCA) 135. The RMCA 130 and the RSCA 135 are new functions added for IEEE
802.11n. The RCF 105 and the DFC 110 are present with HCF and PCF for backward
compatibility.

[0066] The RCF 105 is usable only in IEEE 802.11n configurations and provides
full quality of service (QoS). All IEEE 802.11n STAs implement the RCF 105. The
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the EB has applications in extending range. At high

rates, the EB has applications in decreasing beacon
wo@cloz@md)o The EB is applicable to several sceper/iusm05/027956

i ncluding | EEE 802. 11n and non-1 EEE 802. Hn, 10/ 20/ 40

I\/Hz and dual 20 MHz operation (I EEE 802. Hn). [0064]

he EB can_ rep] ace_ the standard beacon.and wll.then
RCF 1eémsas fuagiansromithe ¥eF| ﬁ?’&lwﬂwm@ﬁ?@ﬁm fingtiqnsdo allow a set
e
ot BRE bR 15010 g 250 0R o ESAA Qe o o
accesslgﬁodé’dh@éb Sapposied by e TRCFCIIOBGfo&derBIQefrmmtI ghd scheduling
2.He in accordance with theealgresent i nvention. The

functiome Rirsh RMEAT30 squovided iethe-RE B for smsdl prdket teansfers and

cchec G S oy s SRR b e 58 AR Rion oo date

transfgpgﬁ%ﬂﬁhg%ﬁ WHH | Rpp ()P@F)T éan?n tﬁé‘ hROEGA 130 is used for all

ri buted channel access 0, a hybrid
bandWldth geaadsts forf semeices Nv}(1bh:ﬁy1lldm1 Smppdmeﬂ bpretha BRSGACKHs

(00671130 o hén RURERTTOR TN GATE RIFRACT Og ”E?fégesﬁ%@ﬁf) ! operation is
descrlﬁjﬁg&3 hﬁ%ﬁ &gg g’g@artefﬁi %@ l%ggaé}; Bﬁé(\’s %‘H%@%}n‘gﬁg&pe 200 with

legacyﬂféﬂiﬁﬁbn\m bbcdidim éndtith@hefpresdradivetion dopatdritanhé 05 comprises
066] The RCF 105 is usable only in | EEE 802, 1l n
a lega@oma@m%m aleganycopteniior trep lpemoq]L(QFE )ﬁléfargc}_}a Jegagcy contention

priod 5o B8 S0 1 LA B BB R0, e o

802.1 55 PEFBHIZIG donREinsQUdntéitigh h8Wéll &S bcladdlearPargetatiaigs for IEEE
sequences for data transfers with or w thout QoS.

802.1Tth STAs=ar 'é‘he\/@FBcﬁ:lésanmas dat éegwp‘ﬁ'BAts evilbyot hecemgithe channel

wotess L RE P e e b Sn st (659),
CFP 2‘%@%@ §LC1 ?&&%@%&5 td EHAERE 4 ERS ﬁ%ggtéb ggﬁgoﬁ%gﬂé*y STAs and

or contention transter

IEEE B02viidi 8TAkul | QoS support. Typically, the RMCA 130 is
used for all bandw dth requests for services

[0068}wi | | BEhes dEESY 804 1hn S sRare sypported in a perlc\;\c@ Id%?ined as IEEE
802.11n period 225. The CP is used to support operation of legacy STAs. IEEE

802.11n STAs are permitted to contend here though it may not be the preferred mode
of operation. The IEEE 802.11n period 225 supports EBs, scheduled resource
allocations (SRAs) and management SRAs (MSRAs) with variable guard times
separating them. When legacy operation is not enabled, the superframe structure 200
does not contain the beacon 210 and CP 220.

[0069] A simple superframe structure 300 where the SRAs are allocated based
only on time is shown in Figure 3 when legacy operation is disabled. The superframe
structure 300 is independent of the physical (PHY) layer and supports all types of PHY
layers. In the case where the PHY layer allows allocation of variable subchannels
(such as in OFDMA) the superframe would be as shown in Figure 4.
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[0067] The superframe structure used when the RCF 130

is in operation is described hereinafter. Figure 2 is
w@2bozis2di agram of a superframe structure 200P@i/UB2005/027956

| egacy operation in accordance with the present

i nvention. Asuperfranme 205 conprises a | egacy beacon

R R R Ao R —
a cont%rgi%r;?rg %%;?Fgg)aggfﬂe@&dsét%lérﬂgngﬁf tlf?elﬁ c-[)%efré\ﬁ%g d %ﬁ%a HI0STAs set

arns contentron as vve

their AétbTR Aidcaponl VdctdisHN V) tdtheTSFPDheRehRiRikdy" value in the CF
ensures that |egac STAs w ||l not access the channel

parameterset pliment, byh nejicated éwwamml:lmri theopEPawilhdast. This

prevendhSptaticn BV @Ea’s%? (or P leeRey 5T Ap UL TE L podataged by the

AP alv@ﬁgs bﬁggv@% AFOF A frdrf6Bhe THEH Qﬁﬁl&ﬁ%}e'i‘[btﬁjﬂ%& B &stablished
ported in a period defined as | EEE 80Z. Hn peri od

anywlde.inTihe CFPPiZ 5usethde APsuppor t operatl on of | egacy
802.Hn S .are per ed to here
[0071} hougﬂlﬂQEFWle%’Pc%EAﬁ dQds bransm gﬁﬂﬁﬁéfﬂ gngel so that all

STAs }gglgufgg f%%ﬁg %%Ssa o P8 &{é% éES?rbe n(?l‘f%%tﬂglaqp of the legacy

informd MEsASNAM < ﬁlddaﬁdadilﬁb Qn@ludrect}iel h‘ﬁ'ﬁrrﬁaﬁahadbdig theeRB in the IEEE
When | egacy operation is not enabled, the superfrane

802. 11:;1 pampdr Thoperiodicityofregunney hanfeand subshannelinforopation about

the ERZR: S0OY AR P SRS, B4 5810 20 ihaon om e

locatidid ‘Hlﬁ'a%o% ethd BEREYMAPRrSRASNMSRAL S5 @‘rién R2€(ORA) periods, in

superfranme structure 300 is |nde endent t he
add1t1ph)te |thalsyettamnfoagxmtlmnrdleﬁm1bm t@ alutreny pEEF08G2Y 1 beacon.
ayer PHY | ayer all

10072 o e BEbmay e Epnemuged ALAupler deier o i Hheppgeon. When
legacﬁT%geriﬁBﬁrlg 'éﬂgﬁle‘ﬂoclﬁleqirgf o oy fitAe @Igﬁ nih Llf&%{gﬁi‘followmg the

arns control e wreless ne

beacokFPhe &ﬁb@equemldadmmnaes:@ﬂmerﬁB arrefbased ()ﬁl%he qmrim]ﬁti&y of the EB.
set elenent in the Beacon frames, Thus, all STAss
0073} hei r Jmethaarheenre @ﬁ:lsga@ﬁowamnslegﬁmbywmﬂ@d ot be present and

o RO CR TR el B TR Bl g aperation.
superfrasie is ¥ffhed as a period between two legacy beacons. Otherwise, it is a period
between two EBs. There can be one or more EBs in a superframe in presence of a
legacy beacon. IEEE 802.11n STAs may listen to the beacon to locate the EB(s) or they
may directly listen to the EB(s). The length of EB is variable.

[0074] The STAs can access the wireless medium in an efficient way when
compared to legacy STAs to transmit MAC protocol data units (PDUs), (i.e., MPDUs).
The basic unit of allocation to an STA under the RCF 105 is an SRA. Each SRA is
defined by a starting time and duration. An SRA is assigned to an STA by the RCF 105
in the IEEE 802.11n period under RSCA 135. The assignment of the SRA may be set
up by an STA making a request under the RMCA 130. The transmissions do not
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prevents contention in the CFP 215 by the | egacy STAs.

The CFP 215 generated by the AP always ends with a
W@BoR0D50 ane. The | EEE 802. H n period nmay be PCT/US2005/027956

est abl i shed anywhere in the CFP 215 by the AP. [0071]

The | egacy beacon 210 is transrritted in the 20VHz

h I
extendogyonddbe Si’aéé{éi'i‘fe AR obing i 3pesttiod @uraipitgf ah SHA assigned to

nfor elnfornatlon
I SEA T A B,
[0075]per i OMSRPM axfd ﬁf&iﬁ[géméiﬁnSRA&ngthupdd@amhelRCF 105 in the IEEE
i nformati on about the EB is explicitly |ncI uded in the
802.11pepardod 23hunder the RdMes 134 M$§Aﬁ Gie hed fer menagement functions
durations and, t

such af ESGRT LTSS AH TRORT TP APIRE YE0 0 LA HRBPHRy R exchange
of maﬂ%%bﬁ%ﬁt' hibRRatieh eBhch ERSIBZhdd heatabing ABnhé] aﬁﬂe duration.
may be transmtted at a higher data rate than t
Transﬂmwa:tms shhHmétegstepdobeyatd tre idaratiabl adan MSRA. sThe RCF shall
occurre e of

ensurgy ghebruiinent MSBreArs sllbgrihiscash THEHR02,115 periad. STAS

compe?@fo%q?le%fﬂeﬂa‘gh%&d' 2 gl SRAO73] In the absence of
egacy o e acy

eration eacon need not be present,
[0076]and t h)R&Baﬁ@ﬁi@i@%uﬁ@es&hab Aty aveidaiole afteﬁd”lbtlse,/SRAmand MSRAs
In the presence of |egacy operatl on, a superfrarre S
have b@eﬂlaﬂu]@da%esi ia qéwrswrﬁrm Jﬁ cm@ socayes b 9@&@@@ SRA has not been

sl B IEE S R o RS pSSE A Mo 1y A sream

of an TAaCThQé’@P%ur&%EEré3%%He(§ AP $# 84n T 1!1§th by the AP for
eacon to locate the EB(s) or they may directly |isten

downlink tind &Blisk. trahemlissign rof ANREBs¢ryicesr m@lcentltoa)d:raiﬁcr He provide

oSSR G Bt e o

C kts (PDUs), (i.e., MPDUs). The basic
ass1gn8{icf:$)%.$xl "&1 oca )lﬂ‘on to an STA under the RCF 105 is an

[0077ISRA.  Hah RIRGA snéddinies pyovdded actessgte ithe erirbless medlum for

duration. An SRAi s aSS|]8ned to an STAby the RCF
managmemtém®msﬂlfé@nulé‘lﬁ #6021 Fesparied=by ading S for data

packe ﬁ%)acté')ge Smaﬁ;ﬁ%quﬁ gg%t%/n 20 bR A9n3 1§§Hﬁ§ t

fansm ssions do no
[0078]b eyon @Hﬁkﬂl&éﬁﬁél ﬂ@%&ts PrOcedait uhdet RMEPeddfendd odithatyssof MSRA
an assigned to
that 1s operatlonal The AP announces the RMCA parameters in the EB. These

parameters include information about the MSRAs such as location, duration, and
access mechanism and optionally type. The type could differentiate between MSRAs
used for associated and un-associated STAs. Preferably, a slotted Aloha contention
based access mechanism is used in all MSRA. However, a CSMA/CA mechanism as
defined by IEEE 802.11e or any other contention mechanisms may be implemented.
The contention mechanism is signaled in the EB.

[0079] MSRAs allow associated and unassociated STAs and AP to exchange

messages in a contention mode. The data exchange is typically small data packets,
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an STA, no other STA can conpete for the wrel ess

medi um [0075] MSRAs are managenent SRAs set up by the
WReH06A0520 N the | EEE 802. H n period 225 under poEURNMER027956

135. MSRAs are used for managenent functions such as

resource request and response, association request and

response, and exchange of mana ement i nformati Each , .
such MBRA heesourcst arallegptiome Beahests at fon. ﬁ“ﬁ&ﬁ‘é’i‘?‘ﬁ& gransmissions,

associphlgFocSILET SRR RS o T Blad 2RO s7As e
typlca\lAP E%%ﬁréeﬁﬂfoé%@%ﬂﬂéhtﬂ%% fiEnesThATdE ﬁeé’@éssﬁ%‘}ﬁnent of SRAs in
rel ess nedi um duri hg MSRAs. [0076] are the

the IHEE B0XEm peaivdafheadaia altarsnattedr bplrew loe BRAsociated STAs are
en al.l d he su er
typicallpotsamasionfieRsenaBAn SN KA RO E SFAT IPTgest A sesiation with

t_ i t
o T S i
certaifi QﬁhItQH thd sipe dhiheAfackiet. The MiSRAsieddaytifibé féPat Ieast one of data

downl i nk and uplink transm ssion of NRT services and
packetandcontnol paeket; trapspyesio®e suppl emental SRAs; and for

br oadcast a mul t i f|
10080 ¢ o7 or b E Bt SEpled AR b SRS R R IIERA 505 In the
slottedP rbhd eSedle/ESt HO0L FTAY hetdds stheedirdledsomatinag @itintshort data
functions wthin | EEE 802. H n period by setting

packebﬁ% Wirel esstraeqhisoh és dmdh@m@'@)shmecslots 510 of size eq?lal to the data

uest/re atian f h
el S3LSESAT SO 1 SER o6 IS SE B0 bt
[0081PN théad Xﬁf%ﬂg%atcﬁ@ff Ihé‘clféQﬁélﬁtlk %ﬁlemgﬂfedqfs follows. A back off
announces arameters in the EB. These

count@sisaneintanddnet eath S’hAtammhs Idenreahmmedtelverwmi&sAwndn@packet is
| ocati on, duration, and access nech

transwiited Feientheyiack Of%@qrgtse eEAmnes %ﬁrf)?ﬂle R0 cgupieai chosen as
a unlflvslg‘fifi]a%]f'gufc 3?6% :X% %ﬂ%ﬁwgﬁ%oﬂn? en | on %gs elaa;a?i(ggv ). In the first

attemPECHRNCTMY Setudefniifibim. NERAsizbfEle TCWagIGﬁMNVEh the number of
mechani sm as defined by | EEE 802.H e or any othe

retransomission; attempds amtd it reaghdsean wpperdimidd The rate at which the CW
grows may optionally depend on the priority of the traffic. For example the smaller the

access delay specification of the traffic the slower the growth of the CW. Controlling
the CW based on the access delay specification will allow better management of access
delays in a slotted Aloha access under high load situations. At the end of the MSRA,
the AP transmits a collective response Frame 515, which is a collective response for all
STAs that contended in the MSRA 505. The collective response frame 515 includes
resource allocation responses for associated STAs that successfully transmitted their
resource allocation requests, and association/reassociation responses for unassociated
STAs that successfully transmitted their association/reassociation requests. The STAs
that were unsuccessful have to retfansmit their packets using the back off counter. The

backoff counter is decremented only during MSRA periods.
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The contention nechanismis signaled in the EB. [0079]
MSRAs al | ow associ at ed and unassoci ated STAs and AP to
wex@hangeo nessages in a contention node. The JdBECEUS2005/027956
exchange is typically small data packets, such as

resource allocation requests for schedul ed
transm ssi ons, associ ati on/reassoci ati on requests.

[0082] dat a ﬂ‘harﬁdnhameﬂwlayé&& o BB CHr 0% Wﬁa&q iptp consideration

i BOHR RS 07 STFOHE kb SRS A Y 5l chanml

condm@ﬁts %fteaa@ orthd S@A@%H&%‘Ha%rreﬁﬁé§t%ﬁ%e§6@£&e§TAs are
typi cally Associ ati on/ Reassoci ati on Request frames in

[0083] or der If @ C&i\&éﬁfﬂAﬂhemeatsumed\ﬁpr MBRAs, ¢achasiaticessfnl transmission

from ag{%l}'l&.&p f et S ﬂq?g!elqy WP‘?’@ ;@gngsgggg}(rﬁs-r AP This is
1nefﬁ01:a£%§ %@%ﬁ O@pgg&g Ed Elﬁéa golfléHtlv%t rés%@?%) %%@Eaé@&?ﬂf@.ﬂ'ﬁ%d Aloha

et transm ssion Igure 5 shows
mechams&h@medbséhhbd aleebani sm 500 for an MSRA 505. I'n the
| otted Al oha nechani sm 500, STAs access the w re| ess

00841 medi ubRIRSCARGOuses e epaetcecgordinatay (RQ éh@t prOidan QS service

S“PPOTSJg‘E Chi E{}é%uéﬁge%%ﬁ% %ﬁ§%tg(£lll giﬁléeegr e a %lt)onl 18? that are

d1ffereh9 ?rcﬁﬁ @h@ ot @orditrtét AQ) ahd Qﬁéhybﬁldeéﬁ@@ﬂﬁﬁitbﬁtHC)
backof f méchanismis i nplenented as foll ows. Aback off

[0085] count SBAssamsmgleddo Astcserss allitopes ofiwefizaéageRT and RT).
ST R R -
recurrﬁ{éo ﬁﬁ’tﬁil {he Qréﬁglﬁ%‘rs{my it etht; 1hg\5§1d3 Q?r ARARY ﬂ’l@h‘n?,bé‘)'PAf S2eh SRAs,

contention wn irst a

(that airé o@@ki-ktatic it matuwe), aﬂa suitiable for R peﬁ\ﬁdgrhmﬁimv[ﬂdwdzm the RC
nunber of retransm_ssi on attenpts unt.i | ches an
can algp5erve tratfic With SBAE HhatwmeashthaRg pklynigm Superframe to

superfo %&gﬁ%ﬂgi ﬁ%rgrg rrgl qleo iglg) eps[u! %Hr%,%‘fe%ft tl}gng ?’E 5'&&taﬁﬂ.{rst These

acc Ication

types ¢fSRALA{thkE ai‘@ ﬂyﬁhﬁﬂ@ in hACuEH) Oy l@é u&étftcﬂﬂérve any type of traffic
Control[i ng the CWhased on the access del a

and axsapelioctatedtpwrdahal burst| a‘hlsamac@anma@}m&ﬁ@fR@dbésﬂemblhty to

e st AT S S8, e o b
accourftbl & tﬁé‘fxsﬁﬁ§%{9ﬂ§ Snkl#lBg the redPotde franfsGPak &6l &€ part of the

response for a
SRA transmission when setting the SRA duration in an assignment of an SRA to an

STA. All resources not assigned as SRAs or MSRAs are managed by the RC as ORA.

ORAs have many applications and allow the RC to efficiently utilize resources that are
not scheduled.

[0086] Non-AP STAs may send resource allocation requests during MSRAs while
providing QoS information in the Resource Allocation Request Specification
information element (IE), directed to the RC. STAs should indicate that the
transmission should take place only under RSCA and also optionally under RMCA.
[0087] The RC traffic delivery and SRA assignment are scheduled during the
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STAs that contended in the MSRA 505. The collective
response frane 515 includes resource all ocation

wo emponses for associ ated STAs that successf ul PET/US2005/027956
transmtted their resource allocation requests, and
associ ation/reassoci ati on responses for unassoci at ed
STAs t hat successfull¥htransn1tted their

IEEF, §98¢l1ax poriodele doestatho e deayitements dTaseivrat tipdhe The AP
anno#ﬁéel'égﬁﬁ{%%?%mgge\ég f%)? tﬁxgt %@@df §RK§' l’n[ g fﬂ SAH %’f‘& may initiate

counter 1Is

multiPes GRS bRch Hid e/ séliildness MR ISRIS of 8QfTdiedhéuriitidiato perform
mechani sm 500 all ows the RCF 105 to take into

more thagicersatchaequencé. pPBAf assignmentiymadi begbased wethg Be's BSS-wide

knonl L TR U SRR B0, SRRl SNUIA! Hacteritis

and ik S8BRkt #6 the nﬁ‘e%lﬁ(? dlfclébsed for IVBRAS eac h

success transm ssi on m an STAI s indivi dual Iy
[00883ck nowWTheGRA wsﬂQnmnA@Kd&nmhﬁeaﬁom invdieestPe cFéation,snodification,

and tprimineienoESBASTAE 2] SIAUaSAS 3t BESAT Hr smore STAS. An STA
4] T

may 5355} R P AR o RPne LB 130 Ve BoPULATAN  Supports. on

SRA hBgieHatentclesy ST fase 'dbﬁﬁecﬁ;idrpt?(ﬁ*sdam a ghenRgpepsf tehffic involves

under rules that are different fromthe point _
creatioopfiBR4t elo¢HBnsmnven bree Ry pone supRariiaTaes rTIEQ-I@T}’SIgnment may be

modl{-lﬁtg @%@%@é&ﬁa&%ﬁg ﬂﬁl%r?e S fgbsrk%c o V?&e@é y%}oﬁﬂp cations, and

termi‘ﬂattfbéé%fs SR bERAEWE tivbldr Br?6' TBAs SHREEdRIIESURBY negotiations
be recurring until the transmssion is

betweé@i the ai'lglhdiyng M doandithatAR gsWthéSBeSmﬁRAs&llQeahan Request and
icin nature), are s bl e f.or

Resopge %3@@ fbpponseonevaect: Qaoren SRA s Sorighpd avith an index, the
SRA }1{ 31 ﬁlo\ﬁllﬁc%}l SRES i anttedm@ngshgﬂ gq A HIGAYUS %.tsgé/m.f:tfe‘?lmwth an AP shall
rame to superfrane and spanni ng one or nor

send %@@é&tﬁ@@ﬁ&lo&@tlbh Rosiftiekt meadshge tutld APThesa $RA@$S@nment
t hat ared nam c in nature), may he used to

[0089§er ve ﬂiy»‘ ageges de atsfrfar ancSBnAwaar@ mansgsddy ipstuding 4 priority for

b h | ] he, f
accee R S DO AL RaRpb PS4 S AR Rkl wiretos
medlahl/taﬁmmﬁh tmereaﬁx%aadg&s account for all

transm ssions, including the response frames that wl|

[0090Je par Foof thehereation of an SRA, the originating STA sends a Resource

Allocation Request to the AP for a new connection with target STAs in an MSRA, and
sets the destination address list to the target STA addresses, Resource Index to a
default value indicating unassigned status, RAR ID to a unique value for the duration
of the negotiation, RAR Type to quasi-static assignment or dynamic assignment, and
all other parameters to appropriate values.

[0091] The AP on receiving the Resource Allocation Request message from the
originating STA shall respond with a Resource Allocation Response message to the

originating STA in an MSRA with the Resource Index field set to an unused value and
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SRA transm ssi on when setting the SRA duration in an
assi gnnment of an SRA to an STA. All resources not
wWas®egmsdo as SRAs or MSRAs are nanaged by the RO/@S2005/027956
ORA. ORAs have many applications and allow the RC to
effi ciently utilize resources that are not schedul ed.
[0086] Non- AP STAsnmay .send resource al |l ocat.i on
all oﬂeamm@@rs ) apBreBriate valugsovs %F'VH@ Bysatigpqreredeprirame and

Serv1c 1t & R(TS elfr Iﬁnﬂ k:ﬂ rgﬁ Regugs §P—‘§ tfié ment and its
Af 6‘#%%"&. 0 enent qrr Ect A6 ign
frequ‘é'ﬂ@y' helth E‘é@p‘e@t ot O&ﬁéiﬁ'e{rﬁéiiﬁ Hir8&ien m&&i S¥¢@ice Duration per

pl ace only “under and al so optionally under RMCA

Supei‘ﬁ@&Yq, Semlcﬁa@terrarai,uamddwamnm senviGRradnngletenming the duration

ot « SGASENL Sk Sl g, L) EEE 200 0 oLl 94,10 TER Wibeyframe, and

serv1E£‘ﬁuP§tr1§1‘ir%ﬁf}§e &é?lfa l%@n%t?‘ss' gned SRAs in the EB. An STA
may Initirate nultiple frame exchange sequences duri ng

[0092in SRhe AP mazyfthenemdadiel tla¢ EBwith the rfesvlpnassignetliSHA.oThe AP shall
assi gn nts .may be base

annossggws e KR @g@*wq@eﬁ lﬁgavPlaX*ﬁﬁEow %glégﬁa}efsgor%iﬁdually)
the clflé 1{1(2% }Mf at sﬁgsggggglaggﬁfsg ‘i]a“bgl?lrcgct grél‘ggtlﬁﬁ dggj%n%)%ctmns for the

destlﬁaﬁoﬁsgrggnent and rmdl fication involves the creation,
nodi fication, and term nation of SRAs for the exchange

(0093 JBhemyusifiesion abanassgned SRis may IsTachiayed by gending a Resource

connect,i o

Alloc3 iR et s P aea 0 SR AL A e UBRE Al ekl st tethe assigned

valud 8hd AICRNRE Hel QrloRifEd UE d@sﬁé& eMhisae B dbhéld ieree ways. Firstly
I nvol ves creation of SRA allocations over one or nore

the nsodificdtiomesn béfearred ogh usintg am)IRAmSecondly the Resource Allocation
requi red durin he | conn Qtlon eation, )
Requegt mesags dﬁ§}’ nggé’:kﬁ?% OBnéa ilwoacespondmg

N e e e -

next Aubegfadine) ARREhEs method Resdd eeto/duppoat ithis mesg@esexchange in an
nessages. Once an SRA is assigned with an index, the

ORASRA nay be nodified or terninated. Only an STAthat is

ssogf ated with an. AP shal d esour ce | ocaf. |
10095 0 EbF Vimliayibr o ¢ eSiBrod SRE ERRgRt Gy S6Rlihga Resource
Allocation Request message to the AP with Resource Index field set to the assigned

value and all other fields set to null or zero. Only the originating STA may terminate
an established SRA.

[0095] A supplemental SRA is a one time allocation that may be set up by including
the setup information in the header of the last message transmission from the AP to
the STA in the given SRA. For a downlink traffic strearﬁ, the AP can piggyback the
resource allocation information on the data packet. For uplink, the AP may piggyback
this supplemental SRA information on a data packet. Supplemental SRA information
may be actual allocation information or an indication to listen in certain ORA.
[0096] SRA locations in the IEEE 802.11n period of the superframe are specified in
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[ 0089] The access delay for an SRA can be nmanaged by
including a priority for access in MSRAs. Once access

WO soogoaseed there is a guaranteed access to thBCT/US2005/027956
wi rel ess nmedi unf channel with the required QS. [0090]
For the creation of an SRA, the originating STA sends
a Resource Allocation Request to the AP for a new

the FdbriRa doeation informatien cande medifiedvaftar NoFiBssThe nupeber N can be
e SEAAb FE Bo R L 8 roducs he

over B3RS HBeH, Sh@hrtenbO\GY leBakP OP, ¥Rb WP rid/tiéd @kt bB8ent every EB.
duration of the negotiation, RAR Type to quasi-static

This &sto gnstemt that legatgrbeaceas sirift wentbe kzaniled bydiiedEB.
100985 ofv i geriBeREbU PR SHEIRIEAE ShARBAY E8i6 316 Senstiprighs of one or
more%’?m%re't:@%%ﬂ%e 2 veloes Raith aﬁf@%@{%&%h@e&rﬁfﬁ%ﬁég&&iﬂﬁm sequences

ocat | nNsSe nessage ori gl nating

sepatedSBML Bhéfte ilesfunte dputex (STRS)distervab fan contiatus packet
val ue andal | other paraneters to appropriate _val ues.

transSaiseianeortiuy ethies defined Sutsar alshetwann agwoliet and sned (Bt An STA may

det er, t he. durati.on.ef ,a guasi:static .
onty ST PR Tey et tat PR ipR i 1By 0 it T, T 4R gam wse it o Loarn
chanfEP8fdtE A Forthtfor] BEHFESNThé 29N 0. theeSTAC FigliFed! 6 @d 7 are block
per Superframe, Service Interval, and Maxi num service

diagmmsof framdstehainge seduertherexaimples with dywithount XK, respectively, in
Ssi gnnen its frequency with respect to the
accor@@ﬁ)@gwqglﬁ%be Qﬁ%seé‘,‘@rlg?’%%tl ration for the data burst.
[ 0097, . T . EBuk th t he.:
[098] The dﬁgﬁﬁ%lgﬁésgggghgf’ l‘iﬁbedﬁll%&lo'ﬁBﬁf taﬁrs{ Q%Séé‘ﬁé‘ﬂ 3SI%A meets the

assi gnhe announce i n the and t he
standRasbrsgtierefhérois af hiuxifesp onstentioal freecduragionddot1 1ICFPMaxDuration)
i ndi vi dual | f the creation of all SRAs. [t sl}ﬁljlﬁso
and maEHYER tima{dabh Ll MaxDweldEimehso that nep-AP STAs may use the.
. destéBati on STAs. 9 L [
ass 58 SRL R SF ook 008k T AL ERARY, et Bpss omtasions, il

decisféﬂ@?@%dr&ih Qe VISIHSS a8 d/droMPBUARBrdittdndafesd daring any given
Index Tield set to the assigned value and all other

SRA farreindaderbyithe 8T Aathatekas been TasignedthoSRibne in three
099} 2 R ob Rk kA SR D55 b e ot and
requires an acknowledgement, it shall respond with an acknowledgement (ACK)

independent of its NAV. During an SRA assigned to the STA, the STA can initiate a

7

frame exchange sequence independent of its NAV.

[0100] Anyunused portion of an assigned SRA is returned to the RC. If an STA has
no traffic to send in the SRA assigned to it, or if the MSDU is too long to send within
the assigned SRA, the STA shall send an end of transmission indicator. If there is no
transmission in an assigned SRA from the corresponding STA, the AP grabs the
wireless medium after a DCF interframe space (DIFS) period (greater than SIFS
period) and uses it as an ORA.

[0101] ORA allows a non-contention based access during which associated STAs
-16-



Request nessage may be pi ggybacked on data within an
SRA. The correspondi ng response may be pi ggybacked on
waladoa/02asem AP in the SRA and woul d take effectPCTUs1v65/027956
next superframe. Anot her nethod would be to support
this nessage exchange in an (PA [ 0094] The
term nation of _ an assh%@ may. be achi eved
of

may @émrxgg datreasketewihy H’o# lﬁéqneeil Vrited YRy %e ARdn otherwise

amaspt P ETEM B BLF ey b P SR 08t e
data %&bﬂéﬁ‘g"’é dagingT OFY 1h66dfhr@dv@nﬂﬁk%icﬁl&bmﬁk€dlr8&?ons In the uplink
[O Asupplemental SRA is a one tinme allocation that

dlrectray, bbe A achidwesi this byi assighing éxammwf@mtumhlesrto STAs. The

eade t he | .ast ssage tra SS rom,h
contepgs o] (i Patkeln CKREGEDC TSR CPORTh RBRARY Ak 444 prgkets. The
trans§1I1 s chi®eNin &, GRYRRE |6r LPSad &0 ”dféi?sxﬂislsﬂ%%t' on
ormation on t ata packet. For uplink, the AP may
[OlOZ}l ggORAC lcahhbe asmghairehot al s8RAf | @oonedtiorniDmn aaddat STAs. This

packet. Suppl enent al nfor tion y be actual
informatisantsi mti inf theniBi EﬁRgP Aniols e ABH trmsmaission and reception

Li.aln . [0096] SRA locations in the | EEE 802. 1In
durin ;gerhl%ano the superframe are specified inthe EB. SRA

[0103]0Cca%MB dpiﬂ&htmhb f6r ORA hee a9€ilfdvesd Aaf A® miyRad deta packets to
nunber N can be based on at | east one of the

any &BmanﬂatthTAnmawesm sgth pelatatpackehios Adfute partigipate in an

36 Eﬂj §i}ﬂuﬁ5§§ L h eﬁgr@g&e{}%o ﬂﬂ?@c%ggf%roéﬂgﬁt or multicast
mess%ggég%l uﬁ?ﬂ%ﬁ i enlt ST, 18BN B6h irelsBAviEER in the ORA will

an assi gned SRA the originating STAm
be deffimiedi mtem EiBafA%wei ABicansendl amrmgregatﬂcbddwnhnkéxmmxn@emn to one or
sequences, with all ,such S%‘d nces, .an

t hi
moresEhe haST égaazrwwoaltg SRR oo %él’gr(fe#eﬁnd control

cket transm ssion or by
mfom{l\twt %‘lmf}{ Qﬁéel%a tvveen a packet and an ACK. An
[0108TARY SRIAY assipthnithht iaa)ueedl W ¢ramdrhisnoné ort nivee frame exchange
data to sent. The AP can use it to | earn channel state

sequémdesrwidhi the andywestriatinn thataﬁmttth@ f’enafl semlge%%h@l #04 exceed the

SRA é}%hﬁ glslo%ﬁ ﬂi@gb%ﬁslh%ﬁ]pox E @%ﬁg@}s belonging to an

established traffic stream (after being accepted by the RC for scheduling and

assignment of SRAs) unless it is permitted to do so by appropriate setting of the Access

Policy subfield of the TS Info field in the resource allocation notification IE.

[0105] The superframe structure from the legacy MAC has been retained in the

MAC of the present invention. Especially, in the presence of legacy service there is a

beacon, CFP and CP as in legacy. When legacy support is not enabled, the beacon, CP,

and any legacy support in the CFP become optional.

[0106] Comparison with legacy functions.

[0107] The RC frame exchange sequences can be used among STAs mainly in the

IEEE 802.11n period within the CFP (as in PC used in PCF). However, it differs from
-17-



accordance with the present invention. [098] The RC

shall ensure that the duration of any assi gned SRA
wore@b®2(5ke st andard requi renents of maxi num conPE@nUSING/027956

free duration (dotl| CFPMaxDuration) and maxi mum dwel |

time (dotll MaxDwel | Tinme) so that non- AP STAsS may use

the . assigned SRA w thout checking_far tlhese

PC and R impetteral vpy s aithoygbdt mayapitongHly implemgat the fympstionality of a

[ rAi ng wh [ L1t .
PO of B3 FAA 3B ALl PRV S LRI g g0 spocited
durafisa td A8H-AP ST and AR MBRA vakudtFpede niitfegdifent functions.
the STAreceives a frame addressed to It and requires

[0108In dFhed( sugeatsnoperatesisal PCrraopishing W H-Podls and/or a HC providing
a dgenent .(A i d of i.ts NAV, Duri
QoSGIERNESE Fratoibsed | SRR SEAR s they Frafhe fOffmats, frame
i ' 0100
e e B A M R CF ot MO L)
[0109]he SgnalingeanSlettasenal MAQ to suppors enadidus types 8Rphysical layer is

assi ?]ged_t it, or if the MSDU is too |long to send
explajiped ibereinattessi gned SRA, the STA shall send an end of

s ) S8 SRR bt 1 AT s o
includidP Srebbived field Sstremethy indéifererteDldveldlt ehannsie isfoatmition and

(DIFS) period (greater than SIFS period) and uses it )
transyaitter q%hraﬁlomo%}le Afhcan insteich the gTé\dmmmsm intestegence, received

.access during,which, as d ST ¥xchange. dat a
receif Eigng e A AURBLST G [ BmfRy by 1 1 S gpanmel (can
be oftHbrotSh Whee chaRssl aPafiePAPY] Ohe AP (AR SMRE'disRAR R path loss
even 1 n unused SRAs. TheAP coordi nates the data
measreheng Thle ttangnified padket will comtdin khe tichngplitted power whereas the
directions,. tn the uplink directign, the AP achieves )
resparpedragpe yalliontaig &hegﬁg%hveg aaw&rtﬁm%q peasyremyends ayp gcheduled in

ORAg%]ts%Eﬁis Rl tr?cgelgtggﬁég%g gﬁﬁﬁlgiaat@ﬂ)%d fFARebe P}&@hfa‘i’ lbleayer or another

ackets or da Fansm ssi ons “can

mecH#Ni @S implathbhfdsin the APOaHeReWwhieranalySiaidivate vid) $6@k interlayer
ORA can_be assigned to a set of Connection |IDs and/or
messggmg torMAC the éyreandmumberaf measuraments rpqaived.

[OllﬁOnt f‘gxl' SAf’ hgra%%}rﬁtéerraga E%r%%{o%r,] t%réd AP CI%BEzi Qe STAs to aid in it’s

calibration. A STA in turn sends a request in open MRA for its transmit antenna

calibration. The AP let it calibrate its transmitter in regular MRA and/or open MRA.
Typical fields in the packet sent for calibration are measurement type set as TX
calibration and the STA ID. The response contains RSSI information for every
measurement request for a non-MIMO station and channel parameters for MIMO
capable STA.

[0112] Support for beam steering devices is provided as follows: The AP or STA can
indicate that they are in a beam steering mode. Special packets can be used for picking
the correct beam similar to the measurement signals for antenna calibration.

[0113] The AP is allowed to send the timing information back to the STA. An AP
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during this node. [0103] Sone applications for ORA are

as follows: An AP may send data packets to any STA and
wo b@e8I0520may respond with a data packet or ACKPCTUS2005/027956

participate in an ORA, the STA should listen during

the ORA. The AP may broadcast or nulticast nmessages or

may nmul tiplex different The ST that _are
can datbei Hael IR ANIGRRAAOD gwaeffh% eﬁ’w tn frgan photted sAlgpa slots. This

B Sel t Dq{;mqll one or
mforérgr% ® %g%%‘lla&q@ﬁ%?}a@ﬂrecel veﬁéor# ‘4: m?or Stttelﬁ})n from
[0114]he P AP srmysmriﬁay@ahtaih defifz0h Phiykieal shiedacosrigiesntte bits that

f eedback 50104 An SRA asagBrrent I's used to transmt

can benwsedrtorindisate and diginanish SBfvemd¥BAwi th the only

01182 JEhe A Ackeratrd i SEMQRARERIFD Hine AP e be sent as

addltidheflrf?éwmﬂ tHBlddach peatstt RBhére AIRhSHEARhAGHS ﬁ&@ﬁéde@sary for its
stream (after béing accepted by the RC for scheduling

decoding). MEVIQrrapability (BRAs)eterd may betsensapehysitaldayderoqubmtities on the

EB. é&aﬁe‘yﬁr@%@% gga%s S:ﬁtpénﬁsglrflgtﬂ%(f pg%?%@gﬁ)lptc%lch may contain an
1ndlc§¢11)8 cxﬁflé% R h{)#1 ‘Eﬁ{a'zﬂs ik %ﬁ Eﬂeaﬁ&%f f(ri fhthe MIMO

ructure egacy een retaine

capalMPi@y BTABeemd eE@mMIM@mpabiht;Eﬁﬁeﬁnahbn 1nlthefalssoc1at10n message.
resence of | egacy service there is a beacon, CFP and

[011 A MAC|@§@;7 cotymans pplgeral 1E ahowit pha@,nqailcfpem igfprmation such

as Chﬁlélélgﬁ‘g E{zym and 936%4: &ﬁ@é}i\éllgg@tporﬁl L hiﬂ? sent as a separate

kétBIsil gﬂ@a Heal%l dme Bkt IRINE 1302, BEAUKEL88:<t8Optionally,
pac euslg c STAs malnlylntheIEEE802Hn|ﬁoer|o pronatly

someviftthese pbrmrﬁ“éﬂérs asay beReut ad phiysieaF)ayendnforangtion.
iffers fr C and.HC n. sever salthouhlt
Ollﬂpt .ﬁﬁ%ﬁéﬁ%%@fk@%@rﬁuﬁ@%ﬁ dyring g dpqeighion equest and

respogggsm?&;egﬁsgﬂgié %]IS%EQ Jﬂ 'B‘éese'b%tf%aéeé% %ﬁéﬁi&{' or channel

type.\GbEHe, Of catabé Pigeyt badsed @ﬂi theBW esguéstipaukiet and. response. Packets

[0108] The, RC may_al so operate as a PCprovidin
are pepeiet e taitarie AR o0 reddle obsr ApoRcpipns s is done to follow
the %}SOCI}%; Esde or@fccﬁ%@KsﬁgA%ry ntnﬁillg‘.ﬁeS(br f‘fEsJa%QiE?&S
[0118] HARQ feedback information can be sent as a separate packet or piggybacked

on a data packet. Some information although generated and received by the MAC may
be better prbtected than user data (for example, using better coding or lower order
modulation) or may be separately coded and interleaved.

[0119] Resources (i.e. time and/or frequency) are assigned to a user or a set of
different users. A channel may be assigned for few milliseconds after every few 10’s or
100’s of milliseconds based on latency requirement of the application. Also, in the case
of background application (NRT traffic), the channels are assigned based on the
availability. The resources will not be assigned continuously over the duration of the
application for any OFDM based IEEE 802.11 systems. However, the channel
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exchange sequences, and other applicable rules for PCF
and HCF [0109] Signaling and features of MAC to
wae ppoeds2var i ous types of physical |ayer is exptBUR®IS/027956
herei nafter. [0110] The MAC supports neasurenent
frames for various physical | ayer needs, including
received field strengt interference | evels, channel
estimatiosy ieareayireshior M Hﬂg}ﬁq orArage pifyrient ?I'S'n. The AP can

nst the S r [
012015 AU e B ST AR € AL TH A SRREGH SR DBl for channe
1nforﬁ1%5ﬁoﬂ MHbreas hb%edrtocé%@i@lnﬂie Va0 packed Aethd i‘@butrh@ls specifically
channel of the AP). The AP can send signals for

assigneddo msSEBAmemehof STAs. 1f ﬁmasoums e kesigned [to mpathﬁn one STA,

tho Sl 5 30 P S AT Bk SR OHRS A bh. e dotal

can bfsecl{%wa%g% Al Q'e§&'i‘1‘$eadlﬁ)cﬁﬁ6ﬁ'r\é uééfee{ﬂd FpbREEA PILY header

ysic ayer or anot her chani sm
can usepnensfithe deservel didtodndédate thet theredy noMACapackdatdollowing the
sone interlayer nessaging to MAC the type and nunber
PHYof neasurenents required. [0111] For AP transnitter

al i Pr.atq
01245 | Bp3it8Rn K1 TRpHR BERTCSR bl s g o channe
estimlétion iffdrid@itdH frantidRNpaclaits Wenti @nothﬂireS'BRsJ Elh1$ twould require
calibrate its transmtter in regular MRA and/or aqp

decodiRg. soyps address enﬂgmathrh&oyath@M&@ reader. Iéa;amﬂlm b@ glone if the

PHY,igadfp bapcoponideniiatioh B i it Phisl Grisiafmi 0 427
[0129FaSALEAPHhay REEESS sﬁﬁﬁoﬁ JUPNEEM, N@%&EI@QOQVIMIEEEWhn and 40

paraneters f'or M MO capabl e STA 2] Support for
MHZHWIE S02ekimdedees. FiguresS ps a)‘dn@t&tm&ﬁhdacon@nd'IEB tpgnsmission in

accordisage v @adlg%'r%%téﬁ SRLeRP AR IS g a ot the adjacent 20
MHZCbO rngi%ﬁg‘hga 's@ﬁt {tgt}%e%%rﬁ%ﬁ% Qgg?ﬂg\%e'lﬁet? gicxgée . However, the

resoﬁﬂ%@ dllo?fhﬁ@nllﬂfdihimidrpﬁldgrabé(differbhe ifStie two bdReams depending on 20

detect the timng information fromthe offset from
MHzsoro4Q dbplopReatidot s. This i nformati on may be usef ul

[OlZé]o B;%evmezhstens to the Me_laztcosf%s’r} f¥%wn 20 MHz band. The EB informs
them of the details of scheduled transmissions and contention period. The AP may need
to some smart scheduling to support two 20 MHz device in different bands at the same -
time. In order to avoid interference from the two adjacent 20 MHz band, the AP may
have to ensure transmit and receive to/from the two STAs should happen at the same
time. Optional IE in MAC header of all the frames is provided to schedule the ACK
transmissions at a given time (instead of sending IEEE 802.11 ACK within SIF's time).
[0124] Each device listens to any of the 20 MHz EB. Both the EBs send the same
information for 40 MHz device about their scheduled transmission and/or contention
period.

[0125] IEEE 802.11 standards have defined a frequency hopping (FH) system. The
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[0114] The AP and STAmay contain certain physical
characteristic or the bits that can be used to

WO p@ooat520 and di stingui sh AP from STA. [0115] H¢EUS2005/027956
information regarding the M MO capability of the AP
may be sent as additional fields in the | egacy beacon
where such infaormation is not necessary for its

FH Piwhpeiengies cofoldn aseon eJe ot ceppiais thipebel Bummolers necessary

hysi gal l.aver AL . Ok
o 49 EBgin BHOEAL g ey o R ATBH e Bencon
is shovitlirCFighae IMIeifforaiatic fitldeoAthing D‘ﬁzélﬁrﬁﬂ@;%bﬁ Sat)Hop Pattern,
the details of the M MO capability. STAs send their

and HepvindemppbramelersnTbermared happing seguemdeatatswith79 hop patterns

an TR SRl SRS LEPDLSH S B SRE) AR mors

decidgg @Lgoch@ Wialc. Sitad fecoﬁﬁhén%éﬁ QERtiRR 1989 tPReSBOs (BPoifhd 20 msec).

parat e packet or piggybacked on a data packet and/ or
[0126] EEBB&28n 1dorAGkpa dket snforipationadfl its senehoppingebetween the non-

overt AR S ey 0 50 G L SLLL et e
BescE5 54 HSRHEE B BP0 A what e

the standRrdéleBaeh chingehhbe 1 NMERbhaRL fshrated fienBild sitieeshannel by 1
packet and response. Packets are provided to initiate

MHz HARe i fnequenayi hoppingf infarmppioncist sent. duning pssogintéon gr resource
o ot S P AS B 5 ie BRE A D 5P o 4P o 57

to STAH A ChAAsE 2WilE tERNcheheatiseRaGabRcPRUforRly changed only for
pi ggybacked~on a data packef. Some i nfornmation

some &TA imsgbad efienrdireub ety frequeneehopyinghaen d/fdpid hopping improves QoS
better protected tha ,u@gr data (for exanple, using
whenyjatengy reguirpiments 8%¥rder nodul ation) or may be

. ' .Q11
0127 P3| LB A e SEACLS Bty spors

packeét foeiva@llindl. fORe &t saieesl noded anaye forveyrd tha packele dTli@iconcept of
fewmlliseconds after every few | O s or 100" s_of

forwarding earcbeusefid fedMESH apbwerks admproning thepadket error rate (PER)
R T A T
destiRA§68 néle tr@é’eives the relay packet, a mode is allowed in which the destination
node gets more than one copy of the same packet.

[0128] In the current IEEE 802.11 system, a packet can have more than one
destination address. Forwarding for IEEE 802.11n can be enabled by the following
methods:

1) When To DS and From DS fields are not both '1' then the currently
unused Address 4 field in the MAC header may be used for the intermediate address in
packet forwarding.

2) An information bitmap may be added to indicate the address of

destination and forwarding node. Forwarding node sends the packet again.
21-



avai l ability. The resources will not be assigned

conti nuously over the duration of the application for
wW@ryoQEBR0 based | EEE 802. 11 systens. However, PEEUS2005/027956

channel estimation is required for MMO to operate

efficiently. [0120] An AP (or a STA) sends a PHY |ayer

SYNCH and Preanmbl e for channel infqrmatian.

no need Adaskgtimaychapeamese kein gge dpstipation ngrf?sss while not being
inicBEH B PESRRACH! o 5P i e Bl docfion o the

destanhBﬂtnoﬁ@ Rech @ tRYidsd e ithe NAe Athiressid tlie adrns|fields.
estimation. The details can be negotiated during the

[0129] e s Resvared ald;mmomme‘dqxsﬂé@mpavm allospling eesonmees hadwaen forwardmg

e S AT P B bR ok g, Tnicatin s
madetsgﬁ‘;tg{é llphe dh?lrfgh %e@ﬁ%@talll’&faﬁo% that %ﬁ@eﬁlﬁfﬁg éti‘éﬁn requires

anne estimation Iinformation fromthe
forw%i@lﬁkgfmrﬁ enbtlter nédee TnfvAsatidii (Suvko as QOBgvéqeired data rate or the
jecodi ng source address information fromthe MA ..
like) g erfor pettingun tho repougen eiiweetnrfe 1H§5’6‘§? 4Rddestipgtion node.
|dent|f| | O S
Aftef 6&52&1]110 é\\g& Beéﬁ" %étégﬁg ggéﬁ& 1[;'5 %élgé{?c %%%smated relay

receiVésHiE a%@%‘e%ﬂdh@ﬁ?ﬂs %WSII@&E@ZTHe lj)a@kb,‘t B85 opti @il e re-coded

is a diagramfor beacon and EB transm ssion in
beforaretradanyssiont Fhe necqlvingarmde neferns amAGHK afier geerigingthe relayed

packely @%&rﬁ 38 sehPefnhagE et cnedummom, gheopvipfay directly not

thro&%?t}ﬁ ce allocation information may be different
' beacons depending on 20 MHz or 40 MHz
[0 13@1p er Ej:ame fox[xﬁéi%S]l‘hEiﬁmd dmineatsithet ereds t» bémodifaarbor ddded for the

IEERyadais M e if ciealoseimmeBIHE and cont ent | on
013Qer ' B heT’f&ﬁp&%d’iggg (ﬁﬁt?fg&z ?#ﬁle(zv FEAR E\Iré ﬁgt ccordmg to the

uppor evice rent ban
typegﬁﬂtguuolty@ In order to avoid interference fromthe t wo

adjiacept 20 Mdz band the AP nay have to ensure
Typé r ansm t[‘qud r ecei eSubtypemvalue | fubtype desaiption
valueappen| deséhiptiene [thébe Kpbidonal | | E in MAC header of
b2 all the frames is provided to schedule the ACK
00 Management | 0000 Association Request
00 Management | 0010 Reassociation Request
00 Management | 1000 Beacon
00 Management | 1110 Extended Beacon
00 Management | 1111 Reserved
01 Control 0000-0011 Reserved
01 Control 0110 Resource allocation request
01 Control 0111 Resource allocation response
Table 1.

[0182] Note that even though some of the new frames are listed under control type,
they may as well be categorized as management type. They are currently listed under
control type since there is only one more management subtype value that is reserved.
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transm ssions at a given tinme (instead of sending | EEE
802. 11ACKwWi thin SIFs tine). [0124] Each device listens

wo eooaoysed the 20 MHz EB. Both the EBs send t heCHEAE05/027956
i nformati on for 40 MHz devi ce about their schedul ed
transm ssi on and/ or contention period. [0125] |EEE

802. 11 standards have defined a frequency hopri ng (FH)
[0133ky s{Rwie conlpHiramesnare @addetl tgesunnoat iraseirse ¢ Oéﬁ%ﬁﬁrﬁequeSt and

contai ns.the set o n ary t [
resouf oo fasBny for et SR BERSEY e © "
[0 134ﬂrnf IHER AR Sl i8 ukbE t CRAFRL 1B08iTP WA tdrininadsFdsofrce allocation

he information field contains Dwell Tine, Hop Set,

for alHppeRat data, (iandNREmIhB). Phe RAR Eragne Frrmcbureris shown in Figure
R ST R T R A
1engt15&i§fﬁl‘%£ﬁre§b5ﬁdé g) ﬁfecle‘illg@h Y tfz@ mglocﬂg%oggglw&%dcan be more

Ime 1s 19 tinme slots (around 20 ns . [0126]
than BaadbomcantSTAx Haehi RAR bhdckohaoh sttractawe dwphowg in Figure 12.

bet ween t he nonoverl appj ng or, overl appi.ng frequency o .
Numbey ofiRestinationssindigates ghe pambeso tRﬁ,ceB@%é%% @mast&\’lultwast)

re,.freqguent. | the frequencies. This is
SO“gh'cIYFRB% g}eeﬁr nﬁﬁlélﬁ%\}\ggﬂ's in the standards. Each channel
[0 135!]@ Dediirathan A dapaslaiteshebipthb e ddiréses o diidpdcedying STAs. RAR

_ .. The frequenc ho&gll ng information_is sent during
ID is Hesigentificatioomurabereidde c Resourcedrgemisan idestification number

TN L 0 T TR ey R

staticdPRAGE @ge 1&3?1:6&‘3& LI § 4 pcluﬁgigf t12d RIS LE&qGirlinent of the resource

cont 1 nuously equency h and rapi d hoppi ng
requdstpr oves QoS when | atency requirenents are tight.
0127] In accordance,with the present inventjon, the
[01341/1%'%1& TEREAIC) AGRAGIATS TRHRINGE MAFTRBYIRg15eEh &0 giespond to RAR,
.several for t C f
modi Ty TP TP GESHEN ek MRAESE 0 TIPAARRoGPAar. The frame

structu¥el ig\whogm ieF e13.eThe framak dodyDRthé @esdiee allocation response
destination node. In addition to traditional nmesh

message lnshevasinfiguee (e Thestespurcegdlogatien netidioasioni(RAN) IE contains
ntor s BE R 0B TBE ek P e Mo iyt resouro
allocm%sponse is a response to an individual resource allocation request which can
be done contiguously in time for several STAs thereby eliminating the guard time
overhead between two resource allocation responses. Second, it can also be done as a
bulk response (when the RA field is set to broadcast) to the STAs that made a resource
allocation request. This is efficient in reducing overhead but incurs the cost of
decreased reliability since there is no ACK for broadcast/multicast.

[01837] Management frames have a general format, which is shown in Figure 15,
with the type subfield in the frame control field set to management.

[0138] When an SRA already allocated is freed up it may be assigned to another

traffic stream.
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[0128] In the current | EEE 802.11 system a packet can
have nore than one destination address. Forwardi ng for
wo Bilek/08320 H n can be enabl ed by the foll ow ng PEL/DSTB3/027956
1) Wien To DS and From DS fields are not both '1' then
the currently unused Address 4 field in the MACheader

be used for the internediate address in p

may ket
[013%]or vErel |AF@0012f10RﬁR¢¢ﬁSQP1|?ﬁlqnoﬁeq}ﬁsﬁéB ?Feﬂ,geﬁear&dg@glf{l%ﬂ to include

t.e fhe, addres ti
MIMp &é)a% 6t \Aé};lgfar%leﬁ'sg% ﬁ:&én{a E)%‘ffeg@k '?idlgra alrcn #&Eﬁd}kcatmg power
savm%‘%)épﬁﬁi’l gs fifafmatien 88 b ﬁ@édrﬁmodﬂﬁﬂd?@ﬁn ihé fese®¥ed bits in the
bei ng icated as a multicast packet. In this case,

capablﬂ‘lléye f‘uﬂd of the- deisting MDcnaMIﬂEeastShela@m i rRetiesh message.

B node .such Z%S the fir or the |ast address in the
eassQRRtiQ cande aFB‘I’Z@jtJ Resource al |l ocati on net hods

up
014631088 LB ORI RS LIRS dhipedbganicich st
set tof Btan inghet feame dontitod fielchmA peintadéo the EBfopdEK#E 802.11n STAs is

during resource allgcajion that the traffic strea )
added é«qthq esistipgenaehgl e SODBHRS, mfw tiagy apown in Table 2

Wlth?%(? ﬁﬁ %lﬁ%ﬂmf‘;& data rate or the like), is sent
Settl

ng e résource between forwardi ng node

Ordéyy qﬁsﬂﬂ.ﬁfgﬁgﬁ node. Arter resourcesNggye been set,

teSour e node SETUS a pou,KcL e—destgmated reray

1 reg¢e ﬁm§t’a‘mpﬂr\r‘l ¥ a'l' Id anm 'l' S | 'I' af t er Cl EC dal o The

Ul u._y rre
2 pag I&iﬁc%ﬁn‘@%ﬁﬂb ally be re-coded hefore

3  ref Capmhilisi on. The receiving node returns an ACKafter
r e¢ehforfpgitidie rellayed packet. The ACK is returned

usi @I[ﬁe same mgchani sm or optionally directly not

i (0130t Frame formats . The frame
fnr%o

Sy | O

| EEE I@é’zir&lmtmc | By H Pagpmetercast Hoioprasent
[0188F In the Tabframesigsnietrated ki HTASalsing fresmengehopping
frames are |isted BH¥sr di ng tothe type and subtype.

7  Tabiys Parameter The DS Parameter Set IE is present within Beacon

Set frames generated by STAs using direct sequence PHYs.
8 CF Parameter The CF Parameter Set IE is only present within
Set Beacon frames generated by APs supporting a PCF.
9 IBSS Parameter | The IBSS Parameter Set IE is only present within
Set Beacon frames generated by STAs in an IBSS.
10 TIM The TIM IE is only present within Beacon frames
generated by APs.
14 QBSS Load The QBSS Load IE is only present within Beacon

frames generated by QAPs. The QBSS Load element is
present when dot11QoSOptionImplemented and
dot11QBSSLoadImplemented are both true.

15 EDCA The EDCA Parameter Set IE is only present within
Parameter Set | Beacon frames generated by QAPs. The EDCA
Parameter Set element is present when
dot11QoSOptionImplemented is true and the QoS
Capability element is not present.

23 QoS Capability | The QoS Capability IE is only present within Beacon
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[0132] Note that even though some of the new franes

are |isted under control type, they may as well be
weategerseezed as managenent type. They are currBOL/U§2005/027956

| isted under control type since there is only one nore

managenent subtype value that is reserved.[0133] Two

control fr dded tn cllnnnrf S SOLH-C-S

al [ocation requestframesmenerated kyl Qs The QoS Siapebility
fof | EEE 802. 11n |Slémen} @s pBsbent mehardtdd Qu3OptEonkeplemented

tofequest, nodify igrraeaAtlBDEA Pagithcterdldiadainean i§ aot
al | types of dat & preseft., NRT and RT). The RAR frane

50 Rmﬁxé Ged o o0 The A dod Beall 1 “ﬁ?ﬁgﬁﬁ%‘*@fﬁ”@ithi“
TheBGAG 1 ol o |BERES g “g%ayl%g?ﬂsrw

bl ocks to_follow (ki 18e nore than one from an

STA). Each RAR bl ock has dl'shled@ture as shown in
Figure 12. er Sti nat| on i ndi cat es the nunper
[0141; " FEhe BB ﬁx@nghes W RESY plr\mrafp managsmemyt fyame wath subtype set
1 I .
o B GERTAL H B ER pUBLERb 55 bt L3R ARES B sulab B shyn in Table
3. is the |dent|fi cation nunber of the RAR Resource

index is an identification nunber for a Resource
Al l ocation. RAR Tvpe indicates whether the SRA S

Ordéb’nal’lhfoﬁﬁlathldﬁi static. RAR SpecificdNotesi s an | E

U TR T LT RIS o ol

Q |e nead +nr€'1P£§qp t‘.\he

[aaa)

LR~ o™

2 {ef@MRion of rdsdiEACH [miwa?aaﬁq)gﬁigh iﬁtlyﬁe@teéfthe identity
dala. The frane sitofian BSS sIBS®»wn in Figure 13. The

3 frasupmeeited the (dagmaoynfrmatiomoptiepabitbeassage
i s | gy | N Fi gurlepidsent)Suppsiad Fatas TBGHecHibs the rates in the
not i fi catl on (RA’\DObae&?JHaQ'Rb&e'Sgtor mat i on on t he

al I | coS VUl La IIICI [ UldS llle

4 res Bﬁﬁ\tg mgter | (Lega &% rﬁﬁolﬂéson nal f§ acon
i ng™etdual resour dér%?ffl%ﬁs (?l agamgtenpet ég@rwnt within
dome cont i guousl! y| Beaconrisames geageried TRT AsHising jrequency-
el iim nating the gu]mpplngrlﬁﬂfserhead bet ween two

5 I esDB Parithetes | oL I\ﬁﬁﬁ-mﬁmﬁﬁd) tibnadif Beaeohe
dongegs a bulk r 63{9 @@%@%B&I&@J 9et BE $€brdRnt within
br gadcast) tothe E%con 5 n%rét%ﬁ%y S%'As using direct

sequence PHYs.
6 CF Parameter | (Legacy Information: optional if beacon
Set present)The CF Parameter Set IE is only present
within Beacon frames generated by APs supporting a
PCF.
7 IBSS (Legacy Information: optional if beacon

Parameter Set | present)The IBSS Parameter Set IE is only present
within Beacon frames generated by STAs in an IBSS.

8 TIM (Legacy Information: optional if beacon
present)The TIM IE is only present within Beacon
frames generated by APs.

9 OFDM MIMO | OFDM MIMO IE specifies OFDM MIMO PHY

Parameter Set | related information
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al location request. This is efficient in reducing

overhead but incurs the cost of decreased reliability
w@2evem2(sker e i s noACKf or broadcast/ nulticast. POWLBF}005/027956

Managenent frames have a general format, which is

shown in Figure 15, with the type subfield in the

frame control fic

10 SRACR Axxwgsal | oddEPdAreess BE snegifies nermissien;apd degacy
tolanot her traffi|dPHY iafofration fdelEEE 802.11n STAs to
Associ at i on/ Reas jagdiéerid metmewga@gssageénaicm Period

1 ™ 'SRRCSéH) @RM %ﬁQﬁQ E fn\éun i#i85 The®RA time
pi || 6t “tone patter|n, gnds Vfoﬁ* ng 3 [l Ng pover

S N a r-onoln Lt
~J A P“

12 acc:@f-'r'atru%t ed u3|?v1 5 %%‘é?@@&m ﬁﬁ#‘?ﬁé%ﬁ%‘ibedule’
fi ¢iSehedulee exi dt ¢ andbMFBA Typesperific information
request nmessage. |Fioasthoe Saperfirame be to a new AP. [0

13 140J0RAesbradale f|l ORA Beheldide TEREEn{siEEh® Open SRA
management frame %éﬂb&&f&f&etﬁéku erBapen in the

gt cont 1 for +EEE 802 H—
14 ‘5J a%e!a\dded t é?ﬁg&ék ?Wée{)ggggﬁB The frarre body

condpioEmation notli on as shown in Table 2 with the

15 nodiNéwa8TAn in quuueddpfaum)eAP cqm@arhqertme teat itignot
hag Albewledane f orjrsuppértingpangarewtSTAsme wi th

subtype set to EB in the fpgpR ggontrol field. The
frame body contains information shown in Table 3. Tabl e
[0145. [Thd AanBgenmarndcpamenof subdypsAdions ats yeeel for measurement request

and {oRPRESO ARGt CROTBBIE 03,1 1e{SmRoRG: o bhh Lk P g Corrent TERE
802. .J}l% Ealn%o‘]lr z usﬁ?}i&%ﬁ&&rd | Tﬁfz.% Mfilambaea A cf%guﬁgr antenna

or antenna ca I on, exten

calibPEti6235SendtEDILA miegettidac thamidl feamiback 1nﬁﬂ'€hd‘ﬂkﬁ@and HARQ setup.
set UEQ]@OOMS] Fol I owi ng action franes are_added under

[0143]he wingadion framepare aldedbyader thayDidt eategimBends

t he pagk ddr of _t:h hee
by sendi HgLENREy dreq gt ReRart nas 0§ baf RS fgst the MAC
addrE&S A devi¥’? bF 2000 Aaslicatidnhrddiiraadstiigss of the
2.) DLP Discovery Response: AP responds back with MAC address of the

device.

3.) DLP Teardown by AP: Add Action field for DLP Teardown by the AP.
The frame has an information filed called timer. AP expects that QSTA sends the DLP
teardown message to QAP within that time.

4.) DLP Measurement Request: Add action item value for DLP
Measurement Request from the QAP 3315 to the QSTA 3305. It contains the capability
information of QSTA 3310.

5.) DLP Measurement Response: Add action item value for DLP
Measurement Response from the QSTA 3305 to the QAP 3315. It contains
measurement information and the MAC address of the QSTA 3310.
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device. 3.) DLP Teardown by AP: Add Action field for
DLP Teardown by the AP. The franme has an information

wo Rdoem20520 | ed tinmer. AP expects that QSTAsendspehesidni027956
teardown nessage to QAP within that tine. 4.) DLP
Measurenent Request: Add action itemvalue for DLP

Measur ement Request fromithe QAP 3315 toth TA3305. )
[0144]; d3hPRenneashiragapisgnpdified tonpelgeagditym enYyty send optimal

PHY Pafa gris a8 BHENE AndRaRInRE ch ettt SRebh 6T K0 ST,
[0145P°AP 83b% cdtbg&STor kit WRA B cash iDErsatedin diedAétien frames in

MAC address of the QSTA 3310.[0 144] DLP Request frane
accorflsnemaiith ¢he tpresentuidyeadion: Theze arp dmentynes oferdion fields, HARQ

T PR e —
base4 o t15d ngéeﬁgl RGeS Pyithe staRlH6. SBmRE thE bhPimeters include,

rames Tn accordance wth”the present invention. There
but ase aot limitedoes Resowmee Iy H-ARQ mdiedizen fdeAQR AGKddeliafr@nd scheme
Response. . The, detail s _of the HARQ paraneter can pe . )
of codrmgp@éma@@atmdonﬁﬁén&&%%amféma&&méﬁo E@P%agabacked in
I ers include, but are not
the r?%o%[}g %gﬁp %%?ﬁgsaggrxlgg%%?ﬁﬁ% i ndi cati on,

[0146] AQRAENE ed iR orp it rhehaiRnente dd crahtad dsifollowsat i on
used. The initiating i nformati on can al so be

[014i ggl-bimitial Antenine Calibratian.al | ocati on and request

R S H S S S AR, i APHCTER oo fr anonns
calibpﬁhdlpf‘@(gl_i R -anldOrkdBbndd phdl@ L MPRE YESBIIe fiRkBHRY be sent instead of

action fields are definhed for antenna calibration
the IEEHL802.1 2 ACK Elporespopsepatket ThetaimsBS6T infoawkbionmeyhannel state
. be sent instead of the | EEE 802. 11 ACK. The response
mforﬁ‘é’é’r@é‘t contains RSSI information or channel state

[0149]"f %5 TR0 Sté 4O MEarERRALS €€ ng Measurenent s.

[0150] In the measurement category, action fields are defined for beam steering

O

calibration request and response packet. The response packet may be sent instead of
the IEEE 802.11 ACK. The response packet contains RSSI information or channel state
information. The action field may have a subfield about the indication of start and end
of beam steering. This can be used if the STA or AP wants to inform the other side of
running beam steering by using actual data packets instead of beam steering
measurement packets.

[0151] 3.) Timing Offset Message.

[0152] An AP can measure the timing offset of the STAs due to propagation delay in
slotted Aloha period. AP will send the timing offset information to the STA. It is used
by the STA to adjust its time with respect to the EB.

[0153] 4.) Measurement Information:

[0154] In the measurement category, action fields are defined for measurements.
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[0150] In the neasurenent category, action fields are
defined for beam steering calibration request and
WO e@ponse0 packet . The response packet may be SPOI/US2005/027956
i nstead of the |IEEE 802.11 ACK. The response packet
contains RSSI information or channel state
information. The action field may have a subfi el ((di
Thesefields 1nldecatﬁ HeHianshingerierenae A ERIGT 16gYAL an Response. They

steeri an_bge. Us if the STA or AP wants to

contaIn AF4R q?q]f@ ﬁ@ aBPSE dEj)ein%‘{jctgnni ng beam steering by

[01558]S| NOhashsEinfdahatBaGEiRhSd diiard qeblitgamdsdesmehgtate need to be
nmeasur enent packets. [0151] 3.) Timng Ofset Message

send [0 thetramsmitensidesderain rfeequamcMgAkﬁfOf ARG ACKs @ﬁdsto be sent
due to propagati on del ay i.n.sl otted

citheSypeBEiRe B ICot PRTHISRPLd B30 RO AT I e b pArpptors. This
Infor@t@e&%lﬁ% ?%ﬁ gﬁﬂrl%ﬁn%ﬁta%ﬁ% %o?i%é?pgi" 015 461? oyer data or as

asephh&rtermﬂwterrent category, action fields are defined
nmeasurenents. These fields indicate KSSI and
0156 nt M@%ﬁwwﬁ%@ﬁé@mcoﬁ&ﬂ?@@@s -and Response. They
ont field with channel identity. [0155]
[015 an ]@(t d&h‘%@?n&ti on such as channel quality and
[0 158{|h ampftheStadd§ oMERIE BAsibigil Setocthia® i bige beadvs)id irrtudddis that STAs
certain frequency. Al so, HAEQ ACKs need to be sent
haveeanhﬁ'rersypphlrt@mm Itg s:srndas“ymzﬁr oteirgsentsefhevalpe of the time

HARQ set u Th| s informati on can be sent in
SyndP’FPéumg‘d'E‘F n‘?t)ﬁfg ' | E pi ggybacked over data or
[01591S RS RIE %Fbaﬁﬁé I‘l@f&t}{ Bled bwa&‘aﬂ nf§ Qﬁﬁshléomé.nagement and

nponent s xed fields. [0158] Tinestanp of
Cont?dilefrEBle(sS B85 [theta)gdaﬂ[m'lal fornhdotg shewmom) Figurenkd, u:gm;prmng a loctet

t hat _STAs have anoth p nity to s
Elemestr EQefield, t mel \Hﬁt% gei"rr?él )ﬂﬁé’ﬁ?ﬁ%‘i?’iﬂ element'SpemﬁC
inf f rkctigln TSF) tinier. [0159] | Es are variable | ength
Inlormar §6dy conponents in the Managenent and

[0160] The set of valid IEs to support the modifications and new additions to MAC

frames is given in Table 4.

Information element Frame

SSID Beacon, Extended Beacon
Supported Rates Beacon, Extended Beacon
OFDM MIMO Parameter Set Extended Beacon

CP Access Extended Beacon

Extended Beacon Beacon

RA Schedule Extended Beacon

MRA Schedule Extended Beacon

Resource Allocation Request Resource Allocation Request
Specification

Resource Allocation Notification | Resource Allocation Response
H-ARQ Bitmap Hybrid ARQ Acknowledgement
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Control franes. |IEs have a general format, shown in
Figure 16, conprising a loctet Elenent IDfield, a1l

waeedaoem2dsengt h field and a variabl e-1 ength PCT/US2005/027956
el ement-specific information field. [0160] The set of
valid IEs to support the nodifications and new

additions to MC franesS—i-S—oi\ieh—iiimtr- et gt
[0161] The Service Set |dehRiesponse| D) el ement and

H-ARQReguest Raetyot! ement  ar Hyfberid AR QA ckmowledgement
[_0162 OFDM M MO Par anet er | iigitigtiegent 1s shown in

CQI Cgfifygl T7- OFDV CApant | TTY] Dyghih A o dibn. STPPOrT
CSIConfrot for wan subearribOhgunelinformation. o 0, o

STt

subcarriers for pilot tondEaklad.association. [0163]

101641 oy s ReTas St IASTREr (O Gtement dndagBiibd Hes gloment are
the sEQRtANG iH: tgohegacy contention period. CP PHY
In

ormati on provides the | egacy PHY information for
[0162]se OFRDMeMIMO Parametémwdetl elemeati s shoyn [0 Biguraht’. OFDM

Capa?E&e;{EfES&”ifaaﬁSﬁﬁ@\aiﬁ@g%@&ﬁﬁ%%%ﬁéﬁ-iﬁﬂabﬁéfégﬁéﬁi?ﬁy field has
oo A B O A AR M ariors

pilot téieed HSRFa8ébtidtion.peri od and with correspondi ng SRA
bl ocks of information. [0166] Each SRA Bl ock I|E, .
[0168or r€BpAengss ederaent heahpwn incEignrecl & I3 perowssien field indicates

o §BR 5L 7S 150 S A S BEARES o e 4B B8l erioa. P
P}stﬂf&ﬁ?hﬂoﬁ' ng@d@sl thb %@%}g BRYMeRoreakieduks ekenmnpreamble for
speci f1es the nunber of RAs in the | EEE 802.H n

backward compadtibalitsh corr espondi ng MSRA bl ocks of
i.nfor ion. It is defj
[0164] T{lrg%lB e ementl, sshovs(len &r? ﬁgguall'g 19, indicates information about periodicity,

frequency band, and subcarriers for the EBss.

[0165] The SRA Schedule element, shown in Figure 20, contains information on,
number of SRAs in the IEEE 802.11n period and with corresponding SRA blocks of
information.

[0166] Each SRA Block IE corresponds to a scheduled resource allocation and
specifies the SRA with Resource index, time offset, STA address, and Resource
duration. It is defined as shown in Figure 21.

[0167] The MSRA schedule element specifies the number of MSRAs in the IEEE
802.11n period and with corresponding MSRA blocks of information. It is defined as
shown in Figure 22. Each MSRA Block corresponds to a management scheduled
resource allocation and provides the MSRA identification number, time offset,
duration, type (Unassociated and/or Associated), BSSID, packet type (control or data),
contention scheme (slotted Aloha or CSMA/CA) as shown in Figure 23.
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shown in Figure 22. Each MSRA Bl ock corresponds to a
managenent schedul ed resource allocation and provi des

wo b@eBR20 | denti fication nunber, tine offset, PBOT/EE2005027956
type (Unassoci ated and/ or Associ ated), BSSID, packet
type (control or data), contention schene (slotted

101688 e TR SEAOD RIGRASS (o R T GHOBHORH R g of allocated
' I ' ; . .
T e

It is @6firsdPuw showiiif Figusd 24[ 0169] Each ORA Bl ock I E, which
i s shown in Figure 25, corresponds to an open resource
[0169| | oBach ERAMRIoelhdE; whigh isshorn i Figure Jhucerraspeamads to an open

roson Ao AuBETEothd e o RESRLAB s 2 RE ot S
addrﬁ_grlm?gﬁangsgﬁrémufﬁmst ed resource allocation. It
a

s a structure as shown in Figure 26. The set of
[017Q]ar dfke RAR Bydcifachtion TBenBAdes phei Q08 gtaremetersafor the requested

resoupe FHSCHER S hATA AUTICES S IO WR4RdJEUES Phaghq ot ofjparameters
b {8 B : .

T T
unusiERldshas bet tohenl] ubing W &sage bitaapon | E wil l

i nclude nost of the fields. However, ifRAR Typei ) i
[017HynaFhe RABAImecfiRskdeeanninge she dormet phi %i&gR_tSSR%éﬁcatmn field
ntor g I Ve P S T A S 8casion 1 i
inclufle n6GdtioPthe H@ﬁsAﬁﬁw@bi',quAﬂ‘FWéisR@hﬂa%c thRftheRAR®pecification

RSCA) VB

or the Iike. Nomnal si ze specifies nom na
IE nsy bave thosetfields thed areaibi crseNhsgtntonzeBpU THznfo field contains

oS o S T LBk P el R, R g Acoss oty

t . I H 1 ) . .
(RM(?;R r?e\éﬁlg% | %g{% g‘f‘ ;Elgé % ¢ AMEPU W‘é;lgé S{)&Eﬁi&é ﬁﬁnﬁhgf %ze in octets

e
éA the tinme en the STAwoul e
of thé eaalfict Maehduht MSBU dizaispucifiba traaBatemi sizé e octeds of the traffic.
data rate s]%ecifi ed at the, MACSAP for transport of ; )
MaxivmusSeryice Imtervalats the mprimuppduratianbetyveend vy slircessive service

N e
to send frames. Minimum Data Rate is the lowest data rate specified at the MAC SAP
for transport of MSDUs for this traffic. Mean Data Rate is the mean data rate
specified at the MAC SAP for transport of MSDUs for this traffic. Peak Data Rate is
the maximum allowable data rate for the transfer of MSDUs. Maximum Burst size
specifies the maximum burst of the MSDUs that arrive at the MAC SAP at the peak
data rate. Delay bound is the maximum time allowed for the transport of an MSDU
from arrival at local MAC sublayer and completion of successful transmission or
retransmission to the destination. The Minimum PHY rate specifies the desired
minimum PHY rate for this traffic. The Surplus Bandwidth Allowance indicates the

excess allocation to account for retransmissions.
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the maxi num al | owabl e data rate for the transfer of

MSDUs. Maxi mum Burst size specifies the maxi num bur st
wobooblozoskBDUs that arrive at the MAC SAP at t heCcpesio0s/027956

data rate. Delay bound is the maximumtine allowed for

the transport of an MSDU from arrival at |ocal MAC

subl ayer_and conpl etion of successful . transm ssion or
(0175t r'Ehe rRessare thlleauéione atriaation Tbninqinflps eprseponse for the

r speci fi h ' i i . [ .
requisFpis aft i, P RRR BRAR A R SEOR ) Bille AT RAR D s the
identfi&aich Humbat faNthe RAROUMesb@rce index is the identification for the

retransm ssions.[0172] The Resource All ocation

ResoweeiAllecation T8 Infe fieltksontains informasionom MC ACK policy, Access

fi
roclJAEN S SRS T Bonhe Wit PP S g oot
the b%gfnﬂiﬁg o%%loc%ﬁ]%ﬂg [(E$n HRARYrd EhaH %niefkgPtcEfﬂa?ﬂtt}Qﬂicf%es such as

e Resource ocation. TS Info fie cont ai ns
voice) withinat superfrandASea€iceddtratyon pecagerficimeis theMilvcated time in a

supe PSS et oShrSls e e b0 rmber o
caual G 8 o R A SR DL PSRN, M

Servigt IBhfateofe spscifibe theé lalioahfen tovee seternl ssupeifraaies. Resource Type
(Beacon Interval). Nunmber of allocations pe

indicgigsewhetder the allnsationtie Qustsi-statae OthQ@mi‘P-_oh? listeing periodicity
epeci PP A SE4 S804 08 B8 RS 0T b i pion. The

allocétﬁ&?'é e %%% hfA RS0 $HetRer YPRot fiEH £36@Ti0MWhB8liccessful and
the alloCation is Quasi-static or dynam c. EB

undet mdiastnionglifdems.odi city specifies how often the STA
eeds to list to th Qr tim i nfq ion. The . ..
0173 | oBke i RATIUERRAGS GEDTRGH a - #acPEats WHEA ribe Breskf invention is
comsh 4 RKUET LA HERREEIAAL RO, MO \BRotions.Mostof the NRT
applie&tions shee avhierhBEFe eaatifer, Mudybiowkihg aadipedldile vi-dnkfer or the
the current | EEE 802.11e MACfor NRTAppli cati ons.

Most |
like afe considpdabatkgraund and Bert gfortserviaeas. Ahesresources will not be

. tragnsfer, we r i n nd.local.fi|.e e
assigpplldoaPEaliLY e chac baRRAr Y B EERRR 1 of HFaccordance
with $86 réSént HRNERHOUTRE Tuédnt TRRE B028FE BIRMD provides AP and STA

continuously for these applications either in | EEE
sameSPPiorityefoorBackground dant Best Effort services. It is well known that the
downlink throughput at the AP is low compared to uplink throughput at the STAs in

the IEEE 802.11e MAC. The present invention provides AP with higher priority to co-

ordinate transmission and reception of data packet. Although any simulations results
for downlink throughput numbers are not provided, it is obvious that the MAC of the
present invention will not be unfair to the downlink traffic. Also, the present invention
improves the uplink throughput compared to IEEE 802.11e. IEEE 802.11e and the
present invention are simulated for bursty uplink traffic.

[0174] In the simulation a specific packet error rate is assumed. Different error
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with the present invention. The current |EEE 802. lie

MAC provides AP and STA sane priority for Background
w@naeBesko Ef fort services. It is well known theeT/UR®05/027956

downl i nk t hroughput at the AP is | ow conpared to

upl i nk throughput at the STAs in the | EEE 802. lie

MAC. The present invention_provjdes

rates ppplortodiath pagbe ALK BAdisemdse B DairiHETal e GH- Moreover, for
S A T A

packeBDYisRe it int fi MNBaObarthe present invention will not
be unfair tothe downlink traffic. Al so, the present

[0175] nvéntthersinngdativescertainupsticeitager ol Lnkpds @gsemed. Link is
| EEE 802. .lje. |EEE 8 | ie and the .present inventdon
definegf s Uit BROTRAR D6 SLASEOF AREFIRFARCS S[ERU YT ¢ figers there
are G@iﬂigﬁiﬂ@‘? lﬁlk%pﬁ%'a{sbﬁn{%@]%% Iﬁgﬂgﬁ. Féi fnd SaRTWRLrs, there are 6
erent errorrates apply to data packets and
links, Adfbaek Hink, isdigeutned: todve hidideher ent si zes. Moreover,
r the MAC of the, present Iaielgv_enti on, a. different

[0176br 1 BiherpackehgpnerdidfolRE S dRPR PFoRSS an is chosen so that it
. t 1.1 ' :
e A SAHAT Soueh i PR 3aPAPOEIEH A e e gonertor and he

MAC &85 #R¥ bebh Rkmiu$atddf Hoakvas, theesgatipthai vbetpdnential Aster-arrival
For exanple, in a systemw th 12 users there are 66

times|prokilesdmtstiness iz the NRE datenacketigensratien. For t he

077525 e S e b i B R ubliis s e methoc,
the nﬁﬂﬂb'e%f 3§exps% t R6RG38E. BAHGhBRARraSe 8R0SRIteS ifdidhsed for each
It yields the sired application data rate. TCP

user Eﬁtiwelhre systetr bbtomeganmstaller Ianthe bthdm@dthod, data rate is kept
een si nul at ed. wever,, .the assu ion of ex tial
constant, dbghenuapber Eggse&s 4% ingari WRPh ERS systeptbbReme nstable.
at a L LAH. ES: ] S .
176§ BRPGUEEARTBT 507 b 38 EE)oF Bkl sty sl

has dlhehd vefeire@ TREEr804.31& IACCAnsstmalitRist THehpararaetye used for
. data rate is increased for each user until the system
simulatioonxe givenanikabled. t he other nethod, data rate is

T T I e N
perio&;_ E%ﬁtgi%%u ?g ﬁ#&hdlﬁa bErtOH brofdcasPateartiel igairs ahf werhh &fission window.

This is shown in Figure 28. In this system, collisions might occur in the S-Aloha part.

In the simulation, the allocation scheme follows the First In First Out (FIFO) rule.

However, fair scheduling algorithms should be considered in real implementations. If
the request is received by the AP, the user will not resend the request, unless thereis a
change in the user’s buffer. The request remains in the AP “request queue”.

[0180] The time of each slot in the slotted Aloha includes SIF's + transmission time
of request packet of size 50 bytes.
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has all the required | EEE 802. lie MAC
functionalities. The paraneters used for sinulation
wae@o@osen in Table 5. [0179] In the simnulati oPCT/URE05/027956
time is divided in reservation periods, each
reservation period contains an S-Aloha part, a
broadcast channel part and a transmssionr—wpndow. This
i Bavamgtern Figure 28 | n |t¥al@1e&system colli§ions
niNghiberaxfUfsdra t he S- Al oha Vpmiablel n t he si nul ati on,
t REpBeatisa DA Retheme fol ||oneridlble First In First CQut

(PERIDS U Bacildgyever, Tair (sCheduring al gori{hms
ﬁr(tACﬁlbunbl der eu T ltcﬁl rmptementations] | f the

o T S \>2 T ‘V’ U M l || , t hc UQCI ‘\IM_|_|'_ not
B]Eﬁn@ Alfﬁ‘la‘ M ||?"1| es he_Le_i__s_a_g_ha_n_g_e_ in the
UREAC I Siee (lbyrtﬁé) request| 1589ai ns in the AP|"request
OMEAE Heddet &ite Mhaet) ne of ach slot in the $lotted

Jitaegtrpe{cqg%slﬁ FSotted " arjgp ssion tine of request
p Jh%lt) (B_{,te§5ze 50 byt es. Tgbl e 5. [0181] The goal of

= T s—deta st getermme the aver age
K Sis, by Y e d g

& ru von e Aahl o daol oy ad he
V- H—aCq —ao+—e—6et ay a6

LASK Fsansmissians Babe del ay\r‘l‘raor all users in {hesystem
TéMbp®)l ay is determined defined as the diffefence
bPhve frahbmidsion Rate packdgtld0s successfully feceived
biMbpe AP and the tinme thgq packet arrived at|the
Pﬁgrsﬁa] &&rPre'a{lﬁbﬁevﬁfsﬁlge el ay 1s determneéd for all

Iballbivll tted frommatt—users.—The 1 hr oughput
e |u|’i% WEPPR& t ot al nUnber of bits successful Iy
Rﬁ- mlﬁﬂoaﬁpr the entirle simylationdivided by the
 BER (RataPackesh tine. Thd Qotal similation {ine for
AaPERACEK) nul ati ons was agdioxi mately 150 seg¢onds.
PESY(S-AToldPagkef)! ation, |ig is assuned that |an

[y on dara rate i s S for each user |and the
%PFSY(@%M thre—throughput vl\’Rf uclel i lleu forjdi fferent

L0

H

9

akuia usetr-s |n +thao cvuct :~un-ed that
| Ninjraare Coatention Windoy belfz(:f%IEﬁ?EegQ%Né)s for
feletigyhput and aver age dellal0 &pe slﬁ]&hﬂ_l_n_El_gures 29
AMb3thur €qpentival Windsy t {256 fabBEER! users|in the
536 | ncreases, the del ayggatigases until fhe system
DECONES unstabl e. When the AV EYE SSARKES bui | (ikggsygi o
Tt,‘anqr 1%}&. or | bUVI L:gl Xi.)8 ISH[I dalty, ?ﬂg ! _
15;3;@“12@,{{1'3‘,) g?'p“' e Ay W TRER 808 118y o ™M

14.81 (for S-Aloha)
Number of Slots 10
Reservation Period (ms) 7
Reservation Transmission 54

Rate (Mbps)

Broadcast Information (bytes) | 550

Broadcast Data Rate (Mbps) 54

% of Hidden Node 0,10, 20
Table 5.

[0181] The goal of the simulations delay is to determine the average throughput for

a given acceptable delay and the average transmission delay for all users in the
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users that can be supported before the system becone

unstabl e (the delay values for unstable system are not
wore@aiongtaul and not shown). For the MAC of t heP@r/@smns/027956

invention, total of 32 users each at 2Mps is

supported. For an | EEE 802. lie system w thout hidden

nodes, the users supported are 2 nd 2 or n
systerpadheidelant iesiosos iAo 45 e GIBERRSE heimeeh fae gme the packet

tive a
is suc?ﬁsaglgliy F?c-ﬁkwged l?ﬁéheug_gr egﬁg‘b}gepfémte 1%1% aﬁ%ﬁfg Tt d&g gi}?t{@ user’s buffer.
The abbrHBTHSIRYAE JePRhinéd foy ANtied phekeks Qﬁ@hs"zmt[:&ll &2m all users. The
Considering all overhead in the system (i

throughpet 15 daﬁned padqhﬁg:otaq]eaumr of rd @gsgﬁqﬂy transmitted over the

I S T
our s1§rﬁ.ﬁg@i%n fﬁésl%%mﬁgeyﬁ%éé&ahdé.ayer raw data rate

aver ag th 32 users, the throughput is
[OlSthpﬁﬁ%ﬂ&iﬂlﬂaiﬁén,l\ﬂb s assnned that anceeplicatiomed atmxratens 2Mbps for
achi evabl e. The d;lyllmttlonint

each wspreand the delayandiihy thgrg Bﬁhmﬁradﬁ{]ﬁ?ﬁﬁ;@&%ﬁiffewnt number of
users PIQ #ﬁ? g}réﬁgﬁ? ;‘fg fs’naol%(p a?%hrhgg&%%e}#dcgtgﬁ ot '}htet e zero. The curves

for thfdd'gﬂ}ﬁitldim aviirhgé H@Iayaﬁ@mwmfn Erg{uhessiz@ aad 395 pespieativgly. As the
t he case where there are hi dden nodes. As the

numh@r ofubsisiinghe fsy*ﬁeuuumrﬁw@sthm@leasweas%u%%ﬂeqﬁystem becomes

anstof 3R 55 RS oA B0 S0 ckidhensiat

and thQ‘éggk%xﬁ rb)e@{)ﬂl\éb daxt800% dRenddiay idai-eaghpws theraakARMRPEumber of
over | EEE 802.11e. [0185] The gain cones

userswhib can ﬂmrmippprta‘d beforamthe systenrabwnm@uaytablh éthef delag values for
unstablp PieTh P8Rt RERBINEIS aRel Top SRR B0 B MAC O e present
1nven%%91u %cgtt 1552 %P%Q&ﬁ'af ?l\/fl: mveﬁ)ﬁbﬂ‘ﬁa FBFa 8 E 8D2A e system

I'S equa ese de ays are In

Wlthotumehﬁlﬂ@ﬁrn@iesf aWet @ftss Qfuppoktdds aco 22 hod R8rdxt mummisdr of packets
100 mi | |i second depending on the offered load. This is

/transmtssamsmgmrtumémequel toy1 fipd Surespestivelye &or griERE 802.11e system

ISR R N YO TEINT e Fr—

equal to 1 and 3.

[0183] Considering all overhead in the system (i.e., inter-frame spacing, headers,
preambles and acknowledgments), the maximum achievable throughput is 55% of the
offered bandwidth, which is approximately 66Mbps (for an assumed physical layer raw
data rate average of 120Mbps). With 32 users, the throughput is approximately 64
Mbps, which is close to the maximum achievable. The only limitation in the present
invention is the available bandwidth limitation.

[0184] However, in an IEEE 802.11e system, the limitation is not only due to the
bandwidth limitation, but also because of collisions, especially in the case where there

are hidden nodes. As the probability of hidden nodes increases, the system capacity
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[0 187] After fixing the nunber of users and varying
the application data rate of each user, the objective
wo soobo205end out, for a given nunber of users iPCT/082005/027956
system what the maxi num supported data rate per user
Is. The percentage of hidden links is assuned to be

10%_20% or 30% _The transmi ssion opporfunity jis. equal
decreasgs aFon] Oftihidden ¥nkyHEERE 402 Lo wioneriad4 MbpsThisgupens that the

i n. Fi 31 .and . 10188
prese SRR o205 60 ek Bt AOLRoBL 55 Bibibps) over
IEEE@®eri1dor an | EEE 802. |lie system the naxi num data

rate that can be supported is 6.3Mps, 5.5Mps and
[0185F. 2Whpsgaiecousswitha paaltpsia smdlcimr@wsia}eﬁasa @9me of the causes

ofthe Jp&reagnen FS}112 THEELS Ut THLEY o UL Pifge A b o In order to
. I .
st YRI5 MG AL SEUIIGIAS) ARt B 40T mo)

Howesel thesedeliays 4rd Mbtise oiRles W frsv etk & ilhisscdral toemuntaximum of 100

... user_ for the case of 10% .20% and 30% hi dden, | i nks
millispeosb deperdipg oméhe offered Lag | %Snm pot ianﬂa@}flwqtrdelay for NRT

.order to t i &h o AN t
servieBh *ihplsth A8 bt REGr B) Begf B B, 2 L PO e 06
[0186] or s&gt&ﬁaﬂ%&%@ﬁkeﬁﬁg oPheskIde UddvahRtb@shit)vi des

r

guar ant ee RT services., |EEE 802. lie can
[0187k uppdter fiwingshe nesberrofBBRers and vovmgtreapplicatiboalatgrate of each
ervices get hi.gher priority than,background and best
usor, Big GhIECRNARREY SRAP LI % ESPOTIORET Gh AP B areRpwhat the

maxirgplﬂlg ﬁtﬁ%ﬁ%ﬂ da et drQfsel 8 AU LHSrce V&Thid@6h Bidks is assumed

er priority than STA. The services on

to be EO%A 2066 vi- 830% dbiee sitamishassipardpporantty isietyealsteas is ladhwases. The
above. In HCGA RT services_are setup by polling the
resultgfar §rusess axe shewRIR gub%?s%ﬁaaé he QOS negoti ati on

15852 08 LR o P SR AL AR bt e

user. Foa A% REEN0R. DESepstbm, k6 pead nhaekdmattata tHat eapdelsapported is
or | EEE 802. 11AC]<M£acket within a SIFs tinmne. Also, the .
6.3MIgind . bMdpst and 5sAMhps par iused fer {hegase 0518@n @050 sad 30% hidden

link i nformati.on once every 100 mllisecond (such as video
inks, $}eSPEGHYRYY- The present invention not only

[0189] Similar simulation was done for 12 users. The present invention can support

5.4Mbps application rate per user. For an IEEE 802.11e system, the maximum data
rate that can be supported is 4.1Mbps, 3.6Mbps and 3.3Mbps for each user for the case
of 10%, 20% and 30% hidden links, respectively. There is a small penalty in delay in
order to get these higher data rates. An improvement in throughput is 31% to 58% for
8 users and 31% to 64% for 12 users.

[0190] The present invention provides guaranteed QOS for RT services. IEEE
802.11e can support RT services on EDCA or HCCA mode. In EDCA, RT services get
higher priority than background and best effort (mainly NRT services) but no
guaranteed QoS. AP and STA both contend for resources. However, AP has slightly
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provi des guaranteed QOS, but, also does not require
STAt obe awake all the time. The STA supporting only RT
W@ eoogiozs2€an save battery by an anount that depends2005027956
the characteristic of the application. (STA only need
gr(r)] be awake to listen for extended beacon and/or SRA.
_ e present invention is approximately 10%to 25% nore
higherptioritgthan ﬁ’RfmThmRﬂ‘cﬁermgg %E&)%ﬁél)f\’ﬁc@ alVﬁtSéﬁﬁW performance

oGP A S A e Dt PO o 574 o
certai%mﬁ;tgﬁ)'albﬁ%?é@ ohefife YOS Ghtiation Barm \débug. SHOGWIan provide

o send the data packet in response to a poll wthin a
guaraStéesl QOS, duit, iEeeds vp ssrd apodl padkgt te initigbe upkiak pasket transfer.

STA ngeds I PRSP DAGRNELBI THE BATRAI A (LR ST SA Pl fcket within o
SIFs G, %rlsc{r%ﬁ‘é@’r&é‘ ngbd £ ﬁs&@gb&ﬁhﬂﬂf&fly teben THREKA <BAR information
[ 019 ppl e to

\J

he present invention Is also applicab
once eli’rlélﬁy 10311&'@1&@00&%@1}:% video ohMDgmaadhlThe§iresent mmveation not only
callowed to transmt frames directly ther STAsin.a .
providssguaranserst QOS: b alse dpes pet qeﬁgllﬁpéf%go E’ﬁ@ q %lg’?}yﬂ time. The
of the fra e ' i
STA SeagREp sy Pl SR Fan S Ep ekl B3] Bl at dgpends on the

chara&%ﬂét{&o%ég?ﬁliéh%‘i@ﬁ(m bely heédgo Pergikée toltisten for extended
Protocol (DLP). The need for this protocol is

beacoman@dsé(at Yhe nne'e$emstinv_e;@&iom _'tﬁeapmpgﬁa.gbplyd&%t(e%% wagre efficient
i ol A e B el S 3500, S8 TP docs ot
o5 PN 0 B3R LB S0D B INE 116 o Lo

efficidtg @t HeoSTA AMC Bewnable to sefhd thadatnpadketintrespdrdeda p poll within
' procedure to, setup DLP is expl

a SIF&{)S%@%Q%% ARRISEY P BIBeRE PeAgRRC: §1 m‘% EIH 2 around time
. 1€Xena : _—
whictf iR 5 oy MAGAHRE & MrdfS e hed i pramsmissions

and/ok Raéegtivreasithd Peginehad 6LtHa aumafihmect |y with anot her
non- AP station 3310, i1nvokes DLP and sends a DLP o
[0191Re q 18wt present iGadion & also APphgable tprpeprriogeaesicommunication. In

o S EAT S 4 S LT RTR 30 SRS E8Ep s o
should always rely on the AP for the delivery of the frames. However, STAs with QoS
facility (QSTAs) may transmit frames directly to another QSTA by setting up such data
transfer using Direct Link Protocol (DLP). The need for this protocol is motivated by
the fact that the intended recipient may be in power save mode, in which case it can
only be woken up by the QAP. The second feature of DLP is to exchange rate set and
other information between the sender and the receiver. Finally, DLP messages can be
used to attach security information elements.
[0192] Messaging procedure to setup DLP is explained. Figure 33 is a block
diagram of DLP signaling. The message exchange to start DLP between two QSTAs
3305, 3310 follows the following fours steps:
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2.) If the QSTA3310 is associated in the BSS, direct
streans are allowed in the policy of the BSS and the
W@OB04/03320, the AP 3310 forwards the DLP requeBtT/BSR08B027956
to the recipient, STA 3310. 3.) If STA 3310 accepts
direct streans, it sends a DLP-response franme 3325A

Lo e S SO DA BBl S A BIPh amother
s IG5

3315. Thi ebﬂ&‘oﬂt&ﬁﬂﬁﬂaté ket] anldbabildiés @ferasm‘maaa mslveell as the
initiated either of the two QSTAs 3305, 3310. It
MAC @fédm@seSb@fhhel QSEA@cB%)ﬁ BR40QAP 3315. The QSTAs3305,

3310 due to expir, R
expi r?a)gf 3%86? aF%Oglaatsg in éﬁ? g&s rd‘ag\eC s{: e¥tn¥s are allowed
in the g%ﬂ%g%@%he %"ﬁé’aha%h@razsm 331 thalAR 832U SoywRAR e DLP request
eception (data or ACK)fromtHhe other QSTA3305, 3310.

3320B fo theereeigient, BTASSHOt s recei ved wi thi n the tinmer

te )ﬁgi rQ:fﬁD) ?ﬁ'g&s thpgs qu%giar&\% sl:r&%i%?s(,d i Sﬁ% @f@ﬂf’-response frame
s A A, Mg e o

3310 #tad ehd VRS RIdestisng tho B TAs 88@5,8310ss mechani sns
defined in the standard. The BSTASSSOS 3310 _may al so
set upt-BTbelARG315f fornwandsl the Dlfaesense 3208 e tha GSTA 3305,

set traf eans with the HC to ensure
after ‘f’ﬁ%@‘ r%‘f‘fol lso%%a\kﬁaﬁééor use polled transnmit
[0193]0I0I091tm!J B drid8m( Ja%%é)lniﬁétéaaweith@%f@he bhier QBT 3305, 3310. Tt
mechani sm (such as transmtting usin , USI

n
A cannoR'ﬂiS/ilﬁ’Eﬁted bytibe AR 3315 THe i Ae330n 33, 1ﬂ$a®fteﬁl‘ﬁgﬂWEE§JP due to
1l1le & ndard). shoul d tor

expiTyGBAGT I JIBF iﬁxprs?lapf%@? e AppfiFs{ionttaph RETA 8305, 3310
restar?é hi ¢fihet Aflkr M&@Hcﬁgit; Pég)%wlgg%%ﬂﬁ HRCRGFmi 3R OHEHSQSTA 3305,

I'owm ng st eps e DLPis setup wt
3310. an thdreraremb’packieds ré’éeheasd t;xh’ehmdﬂml timien expiryDilre Q3T 3305 3310
(defined in preV| ouspar a rﬁi& t he, QST

0]
B e ST
shoul& Pe sent through the QAP 3315.

[0194] Both of the QSTAs 3305, 3310 may use Direct Link for data transfers using
any of the access mechanisms defined in the standard. The QSTAs 3305, 3310 may also
set up Block ACK if needed. If needed, the QSTAs 3305, 3310 may set up traffic
streams with the HC to ensure they have enough bandwidth or use polled transmit
opportunities (TXOPs) for data transfer. A protective mechanism (such as transmitting
using HCCA, using RTS/CTS or the mechanism described in 9.13 of the IEEE 802.11e
standard) should be used to reduce the probability of other stations interfering with the
direct link transmissions.

[0195] The QSTA 3305 uses following steps to get polled while DLP is setup with
another QSTA 3310. After the completion of DLP setup (defined in previous
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gain TXOP that it will use to send the data. There is
no negoti ati on between QSTA 3305 and the QSTA3310

WO e@aneiseg capabilities during this period. ThPGT/UBIM5/027956
is solely negotiated by the QSTA3305 and the QAP 3315.
The QOS Action frame is used by the QSTA 3305 to send

A b o A

gain f}goy%eggﬁgtuﬁ% etup gs ?af Pog a8 ?18 aﬁéé/\ogia%@'{ Bitween QSTA

3305 QRPN @SMY3BY® Fé‘%rﬁh%& bﬂﬁﬁ%s ﬂ@\fﬁl%‘ﬂﬁ @ﬁ@d This time is solely
capabilities. QAP 3315 t he QSTA 3305
negotiatedby she QS'EA 3305 taed\thle Q;%\E@@lénT B QO3B dstiontfeamedsnsed by the

QsTATEE (it BrSRRi g Pl el e DO A frame i

used %ﬁ%‘g’ pgﬁp@¥§%ﬁg5&? bs&d ﬁ?’@l@é trpes ﬁbév&hecﬂ’%ﬁgﬁe’éhe traffic

QAP 3315. then sends the packets
class is@etineafier DIIBdétuptisab 1s1h>glcraés\raymf risgokiabing BW once the two STAs
DATA+ACKpacket There can be nore than one data
haveQMﬁ@géﬂcéPé itiesop, [0197] After the DLP setup, the

0196E5 Ahe GAP 333%%@9' IBQSPALES 86" BlitafViRAFEH Biked on the

rane IS use or negoti ation.

negotﬁ@&i\xﬁélﬂﬂ 88fa t4te 4Hd Alaxidueh seiviteireival af‘]iﬁe QSTA3305 uses this
by changi ng the back-off w ndow and Inter frane

TXOPsteirangmit Bsyl reddive peglset fromothai@S 331 Havsven, the QSTA3305

conds S O ST R TAL ST N RS A2 packots o o

fo
QTSRS ek !y 8 TG g an o mor

than (fti@??td u\mgdxtev?aend‘XG)B packet s (of hi gh pri ori ty
onr S R A B Bl
based. og} ﬁﬁﬁ?er u @% ﬁgg%&rk&h RASGHiLlsdd Bor ha@fo%d%@ﬁ changes the

present |nvent n sets

prlorﬁ:_‘}” of ﬂlﬂ@ﬂiﬂtnﬁ'affﬁﬂdﬂaﬁgd)yf chagfibpcilenbagieeff-wihnpleer and Inter frame
comuni cation in Ad hoc Mdde, and incl udes

spacingnfFeVe fEn negptiatien dacidas tireameymtreloting allomed qvesra certain
perlot%wgﬂilg&/ a&é&g %3% Itnlajgr If:al%%ncn % IelfC poel{c%%ferlf fob h‘igﬁ&dpnorlty traffic

(i.e. setting of backoff window and IFS). However, the QAP 3315 or the QSTAs 3305,
8310 are allowed to send the packets (of high priority traffic) under lowest priority
settings if they need. The QSTA 3305 and/or the QSTA 3310 can send data packets to
each other directly based on the negotiated EDCA parameters.

[0198] The present invention sets forth the signaling required for efficient peer-to-
peer communication in Ad hoc Mode, and includes improvements in the current Peer-
to-Peer Communication to take advantage of the channel characteristic and providing
RRM control to the AP (Infrastructure mode).

[0199] Each device maintains a database of all the devices within a hop and two

hops. One hop devices are the ones that can hear, (i.e., receive signals from) each other,
-38-



RRM control to the AP (Infrastructure node). [0199]
Each device naintai ns a database of all the devices
wowdaokiozs20 hop and two hops. One hop devi ces arBCT/082005/027956
ones that can hear, (i.e., receive signals fron) each
ot her, (herei nafter "nei ghbors"). Twohop devices are
the one that are not heard directly ut, a neighbor
(hereipaftencneighpors 0./ BHup hondericegppoth %wg"e%t%ﬁm&h“gfariéwacﬂy- But,

nal s .bet ween each other to inform capabilities.
anelg%@ggagl}beﬁ }Ng can be part of an initialization

[0200P" 0q@2SneighB6R defifoed R4nCAsb SeRAVEREREsThtwdeh &dsh Sther to inform
periodic or event triggered by sone activity or

capabilities. |’I\‘hets;e signalsyatdei et ofl‘hesmtsalgwél@ pme@ﬁ,éwhbe the device is

{ I nfar t| on r ues nal i n| %t X
power@ﬁé)réf pengdic o[rdazﬁﬁ}? SRR getiyity or inactivity of any
devicé %és@%ﬁé@o Qgh"a’ﬁg@bé %e@@yﬁocﬁ inféfha®lon' bxl%hlilekf‘ﬁﬁnal initiated by

devi ces rmthe nel ghbor about the applicatio
one ofWheSdevﬁée:H mati on can be sent as a broadcast and/or
ated tq the second | evel nei ghb It can be

0201} ; Heders TFHENBE BhapPliat Wé’e]PPtW?@nttrV%ﬂwg?NlF?% ongrq hoh the devices
inforr% gﬁ é\éfgr}%% 128, ﬁt e af)ﬁﬁg Ao 'ﬁhg {nfgﬁ)ﬂa‘ﬁﬁ)%lclatﬁ%e %%% 45t %roadeast

ra 1S use: e one

and/of BRopagared S tled sadshd Meved ﬁfé?e%] Thbers. doehdl Hoasdirbyted packet only
transm t and interfere with the reception. Therefore,

between|thetthansmithenand thsgr@eweceThme AMeS WOLOUPE efdedvesthat need to

d to.informtheir neigh
be told i gpeciny i e 5 GRsed AP e BEFT E6S traiEnistioe anlfhe ones that
couldtﬁ YA SnitNa kg euﬁ@ffefé‘ nyltﬁaﬂﬂé)tref:?ﬁbﬂ e VP‘hfeFéIHi'e only the
ter rence. The receiving device nee to tell its
transmétiging desidehaid the rewdving devicerneed ta ndfd:rtmtthellne;mghbor devices.
The tranRRHRESgIG e tabell iy g At Se mediumda i ee and they
cannot Jec&@g%lttilg&gﬁ%teﬁfﬁéﬁ | eTh 0584 ﬁh{&ﬁ@he&@t&f‘ell its neighbors

conmmnt ca WEEN devices | but are no

that thethédithnh s irBMéegu vhaethey $hoaild Mot teingnitl Atk vedy require some
frequency band, preferred nodul ation node,
handshafongs bet & will Kol hettes @Vam:ll medéumoptficaey | i ke.

o205} 293k B SR b BBy e et b
are n(?’]tg\i,\llﬁéﬂggftlg L]gmlt i(;(%{hﬁ'&ﬁ@ﬂﬁttﬁaﬂérﬁltﬁéladﬂ @ebier q&'e(ﬁliblﬁssr@'ahdapreferred
modulation mode, subcarriers, MIMO enabled and code, or the like.

[02038] This information may be sent again on the request of another device. This
device can ask for this information to update its statistics or to start a new application.
New Device sends a broadcast message to the neighbors asking for active transmission.
The device can passively scan the channels and then send directed packets as well.
Upon reception of the request, any device in active section sends the information back
to the new device. The devices follow a random back off before responding.

[0204] Once the new device gets this information it can decide to use this

information to optimally allocate resources for starting the new application. Some
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New Devi ce sends a broadcast nessage tothe nei ghbors
asking for active transm ssion. The device can
w@amsioxsky scan the channels and then send di reCT/@82005/027956
packets as well. Upon reception of the request, any
dﬁvi ce ig active section sends the information back to
t he new devi ce. _The devices fol | ow andom pack .of f.
servwbe/appbca@mwal #@Ve[mgmfy @h‘%:reo'fthl“r‘és %%W%?eiﬂrx’éea sl disrupt other

nf or nat '
Servmf"ﬁ (’gﬁf’gﬂﬁﬁ ‘%? %%ﬁ’tngr i gg‘g&?or g éﬁgifﬁﬁggﬁévn
[0205]5l PP TiHeatikRiptio?PeEsBE UbEEBY ﬁih@bag‘@é}tchaﬁgwbbtwémaher transmitting

riority over others. These services wll disrupt
nodesdbh;damp tleeiy Bele&sceé,lafndr messagaixchange ta mpinegetiate ﬂse bandwidth, sub
service is Vo 1 calls. [0205] The disruption
carriegg eﬂ‘ée%h@a‘% exchange bet ween ot her

[0206!; a gﬁﬁets@ﬂt ﬁﬁ%%%m&pnﬁi«&ﬁlcbe €hé f&thgestegg dhBReSadRigure 34:

chan to re-negoti ate the bandw dt h, carrier,
[02071 r e DiecwrerPpafithe QS’IW]% 10 NAC b@ihéﬂsr.% 3806<eptional): Ifthe QSTA

3005 s SRS S8l B Rl e, e 5015
N e

respohds BREIS ¥Gh thdtidlavanPVROC inforinasion) to the @FEAQSVE3 Ntherwise, the
is aware of the QSTA 3310, it responds back with the
QAP Bélésemis whginreomessagn Thisif don;e%pfosg d3LP eehiap-wi se,

o206} 1 3055 B Y R 04 EadE AR BEEY Sl otor hanne

quahﬁﬁ?ﬂﬁrrﬁah'o etWdénidddr and/10e QSIrar 3R ehe WEPIRAGuest Packet.
mation between 1tself and the QSTA 3310 in the

This 1Eiﬁﬁ-mhimﬂtayﬁmﬂftameﬁwﬁrmm préevions traorsnmiayiops betwesmide two QSTAs

o B e B B a0
1 1 O: I

o GRS E i t FTST S48Sqe e e

RequEFPRe@i &6ith RRIKER s# tONULE. | E set to NULL. [0209]
Message 3320B and 3325A: Not Changed. [0210] Message

[OZO%BZH‘BGSSB@@ I3R0Bsang 332pAd Natdehawgacher or not to

o213 el B R BP0 Wi AR PBEGE k5 upport L

the QSTAs 3305, 3310 based on the channel quality between the two QSTAs 3305,
3310. If the QAP 3315 decides not to support the two QSTAs 3305, 3310 with DLP, the
QAP 3315 rejects the DLP request on the grounds of inadequate channel quality (not
part of messaging in the current standard).

[0211] Messages 3400A and 3400B (optional): The QAP 3315 may decide to send a
DLP Packet for request on channel quality measurement to the QSTA 3305 (message
3400A). The QAP 3315 sends the information on the capability of the QSTA 3310 to
the QSTA 3305. The QSTA 3305 responds back to the QAP 3315 with the channel
quality measurement between the two QSTAs 3305, 3310 (message 3400B). The

message 3400A and 3400B may occur before the message 3325 B or during an ongoing
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3310. If the QAP 3315 deci des not to support the two
STAs 3305, 3310 with DLP, the QAP 3315 rejects the
wokMsnzFaest on the grounds of inadequate chanpetl/UusS2005/027956
quality (not part of nmessaging in the current
%andar d). [0211] Messages 3400A and 3400B (optional):
e, QAP _33 y decjide to,.s DLP ket .for
DLP aeéal@es {This \@Hgﬁwef&h% g?fythfgﬁﬂb/f% ﬁ@nﬁﬁﬁfﬁym@%@ﬂtmb%fore even
the D% e 3400A). The QAP 3315 sends the infornation on
apability of the QSTA 3310 to the QSTA 3305. The

0212QSTMé’s%QQe§ 4001 dfd 3408Btare bptioAFaEB¥ a1 vhlybd ﬂ'mogmzed and used
channel quality neasurenent between the two

for ST2e081d ABs shigh suppertdhoomidedreapahilits gel'A4 00 Aa”rfacompatlble with

oy TR 560y LS Gy TRSGRERs BFEPATaRafboro =

0213][\/' '\@h%a%e | 491155 ool teBr BEWRI thedYEP, The DALIPré&iohiRe message
ssages 3400A and 3400B are optional and w ||

is modllfﬂeyl ﬂoeal}mbsgm dosin burd:haMPf?nﬁrwSle bE tams dewincmessage should
C ati bl e

INETTTIRTEN e i daemy e S
QAP %ﬁ%ﬁ A[ctf %ﬂ%ﬁ%@&&@%ﬁ&%&?@&?&ﬁ@y IS @TAOM% do8s not recognize

owWn 't he P response ‘nessage |s
DLP tuagt ddvedl nhéssake @ant igaorel dbwrT iy dalmeb@d? a&&l@ccei@ meﬁ)th (assigned

tear_down nessage should contain a tinpe \gﬁ
reSOUYQ@M@BWW@WG%FQ alige Pé@@ EPEH)

P.331 It all r t
O N e T —
traffid SRLA lile. rdduTcE &!ﬂlo@&tlbﬂ iAYiraeses If ae)sod \(Iﬂﬁﬁd @hesk EDCA or
resource all ocation, nmanagenent resource all ocation,

HCCA{CHS fallovaEDthp. pfaedutes definedhin baclsgresing ispetjornt Ipghs present
5305 r t. he g ﬁ} %%) to negotiate the traffic stream

invention, datadgan 8 PORE SR ur case). 1f a QSTA

[0215]3’5‘”"’1511&@ 3 Fe3 RS g e ubdt JatkbOWStH UH R AR OPen MRAS are

fined'In ackgroun ection. In the present
contehtivanjdrivis HatBWt ransfebynidse Asddcated $BAsgEhe fro@ufte allocation

mforx%?@r?s epenivRAGhe oSG G IBE Hi50eb oMy - digeBeavest and
Respo setlﬁlenee%iss%g ln%(ﬁﬁy t%Té%)%mf;tE)%e{' £o-PUEF Eorfthd RS and addition of the
MAC address of the QSTA 3310.

[0216] Resource Allocation. It is the responsibility of the QSTA 3305, 3310 to define
the QOS requirement of the application and request the BW accordingly. The QAP

3315 responds back with the BW allocation information. Typically, an RT application
has resources allocated over the duration of application, whereas, an NRT application
gets resources assigned on the need basis. Resource is allocated by the QAP 3315.
[0217] For an RT application, this information is broadcast in every EB. The IE
contains the STA IDs of both the QSTA3305 and the QSTA 3310. This is needed to
ensure that both of the QSTAs 3305, 3310 are awake during the assigned time.
[0218] At the assigned time and/or channel, the QSTA 3305 sends the first packet to
41-



information is sent in the broadcast follow ng the
open MRA. The Request and Response | E needs tonodify

WO e00sfoz5ed y peer -t o- peer commruni cati on and addPeT/08200$/027956
the MAC address of the QSTA 3310. [0216] Resource
Al'location. It is the responsibility of the QSTA3305,

3310 to define the require t of the appljcatjon
the QAT B0eTho(RETAI KL 6Ha TREPGAA PREX HE 35Sk Bpiohada+ACK as
hac ith th I [ i rmation. Typically, an
negotﬁ?teggarﬁ'kwggéi’ﬂﬁ%%%fé%%ﬁ?@%@ﬂ ocated over the
[0219FUr 3or QIR appliédtscH, ithe, stpe aea verpRiiRar aHpkevat,i e QAP 3315
gets resources assigned on the need basis. Resource is
assigrd theamsedrdeafterdhgapea MBA peyiodss omer viarRggpurce allocation message
plication hi s i.nformti.o

(roa &3t FrgsspgeL ol oY REEBER Tomt SRORoTY AR PG 3l the current
1 I Ty 1.
buffelg@%lhgﬁ&g@%%%nt. The first PEALRYs kenehs Yhe GIPA 330bh

, 3310 are awake during the assigned
[02201 i M@\ QRTAL&hakhat baclasugidestrvices sappdrsed ohana &1LP séssion, needs

G R RN K v S C—
antof PRI AOLIRERSOE DR AR 3 . HARLRHTIRGE cxpcts

to be AvakeAR tBd KehadsledtrahfivisstGiiiar. af ter the open
MRAperiod is over via Resource allocation nessag

[0221] br dPeatcasnpoirk o shepnel estimasionyand dnforawntiasy bafogg ¢rtduring DLP
o b A AR T PR S0 PBERA 3315 i an opn
MRAaﬁQé_’Qdfgggi)& nfh 3 -I%LP%I L MR ATSS tIRSEHO QI 38U BSES to communicate

supported over session, needs to listen to the
with eadndtiast This safpenmftiosr ist sentapethevRest ER p8ied. Thatmeasurement

I TN TR T T A
022982 OIS ARG 4 PASTRARL Tl 8 Q85801 an pen

MRA it arCIMAPCA sebspmeehanizngl The (JBTASBA3IAN sead thésuhformation
) a request packet to the QAP 3315 in an open NMRA. The, )
in an gpen 3ERA. fhe measupementmachets HPRoRbthegnpezgysm tg gepinformation

o TG R LGP QP L | e on T

[0223] In IEEE 802.11e, the QSTA 3305 sends the measurement packet to the
QSTA 3310 in an EDCA and then informs the QAP 3315 about channel quality. There
is no need for additional messaging to support MIMO between two QSTAs 3305, 3310
during data transfer (specifically for DLP). The channel feedback to improve MIMO
data rate or PER during QAP to QSTA communication is similar to STA to STA.
[0224] Several Action frame formats are defined for DLP Management purposes. An
Action field, in the octet field immediately after the Category field, differentiates the

formats. The Action field values, associated with each frame format are defined in

Table 6.
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information is sent back to the QAP 3315 by the
QSTA3305 during the assigned MRA. [0222] The QSTA3305
waeanweabseo send a packet directly to the QSTA33ROI/UR20851027956
open MRAWi th a CSMA/ CA access nmechani sm The QSTA3305
can send this information in an open MRA. The
measur enent packets support the mechani smtoget
[0225] nf or mati on on channel quality (CQ) and state (CSl).

lu‘ﬁég&g&?‘leﬁiﬁg@%o the QSIFA3310 in Z(nen% an% t hen

informs thegQAP 3315 about channel qual i DI.P Féfiexti S
no need for additional nmessaging to support M

bet ween twolQSTAs 3305, 3310|during dat &DLPaespense

———{specitically+tor—bBLP)—Thethannel "‘eﬂh'—m" +-6
| nprove M MB data rate or PER duri ng @m @ﬁ‘ﬂ&‘”n

conmomi t,ou?hgg?l SsTSiTmtar to PTA T bl/—\ %é%&,véﬁeveral

Action fr ormats are defjined for nagenent

purposes. An Action fieldrable ghe oct et f| eld
i mredi ately after the Category field, differentiates
[02261 he Ther follpwing e titet field Valsied avaladdsd associ ated with

102275 b hoemiemoregupsty QST Rorerischtr Darkis G AP Hided the MAC
addrekg%??,lle @{5& E‘b@%&é@ﬁ% E\‘)gg jon @@g\%}?ﬂ%&% ;hgeﬁgicﬁgt to

[OZZS@D p |DIQBD1§¢‘bvreey| Respomsy: AP fd@;@ﬁﬁﬂs bPhack Bithc AT yxddress of the device.
nse: AP responds hack WI{ MAG ad

[0229beV|QIeP ’I[eazéwnmo dyiged)adaiion Held isaddyd f reiﬁLﬁ hgwjn by the AP.
o B SRnE y EERH PN b 58 Sl LT PAppas the LP

teard§®RdfesdieRofQAPK O thessage to QAP within that
time. [0Z30] P Request E nodi fi ed): Additional

[0230¢] el Rezquseeh émogifieda) Aduivional eleraent torrendeontitnal PHY data rate

ot her el act eris et we STAs.
and cpjam p q?\?é’é‘ﬁi eﬁéﬁﬁéﬁ? ﬁ‘%%ﬁ WPtErt¥al ue is
[0231?ddQ§iLf3°rMQ:t£1rement Request: action item value is added for DLP

Measurement Request from the QAP 3315 to the QSTA 3305. It contains the capability
information of the QSTA 3310.

[0232] DLP Measurement Response: action item value is added for DLP
Measurement Response from the QSTA 3305 to the QAP 3315. It contains
measurement information and the MAC address of the QSTA 3310.

[0233] BW Request Packet which contains following information: The QSTA 3310
MAC address, P2P Option, Optimal PHY data rate, BW Response Element, and
alternative method of performing DLP with centralized controller.

[0234] Each device maintains a database of all the devices with which it can directly
communicate and also which devices it can communicate with though an AP. The AP
can provide the database of available devices available through the AP.

[0235] Each node is connected to the AP. However, all the traffic does not
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Measur enment Request fromthe QAP 3315 tothe QSTA3305.

It contains the capability information of the QSTA
W@3W6/02(50232] DLP Measurenment Response: acti onPCT/@82005/027956

value is added for DLP Measurenent Response fromthe

QSTA 3305 to the QAP 3315. It contains measurenent

i nfornmation and t he, MAC address. of the QSTA 3

necesF@mpnmq @@p ik Ko tha AL ks Sbih GasACtHORToRpAgS can talk to each
other #ﬁqu& %%%%Mgr%%é{ g%s e ng a%)t)ggi@ally two ways to

contrdl ﬂﬁ@r}%byses e h@ﬂtx@fl ARy &ﬁl:ﬂbﬁﬂedlcﬁmﬁiebl kirgRatk talthg atbn-AP case
controller. [0234] Each device nmaintains a database of

aboveal | the devices with which it can directly conmunicate

0236t ABsing AP Bl thixinbe fife BT 556 o Alf pig falfwing steps:
[02374€ViIgEde 1 e@idsaaﬁﬂn%séatgeom A® AR déABB3REorERE leq@auh%d Channel

connecte to AP.° However, all the traffic does
informatioac daeat hbp to rthgldmtmaﬂ:ronmraidré like.t HheAPP Haset insthe received

inforgmiBanNn i e are SEerialighoah ot dirggily o through the
AP. IP%%H?S% e[()iv\?régﬁ néﬁ)alcé?:pé ﬁetflw%e rt‘iﬁ(‘eeﬁﬁo R@Ee%%tr{’&{t network

r ol ar to

load, AP0 EtivikP Zaphbistyef thR te@dmddds, shilte 1@1&51 'Dhed’ﬂ?leaxbylemde to assign
usi nge some or all the follow ng steps: £0237] Nodel

resougesriée.g., ms%aga timet mb -ARrTigSIoT peennas fagrthigiconnection), based on
BW.e

the reguF et GRooPRrhE pyRUSDE RS ipfuBEior T Tilodoibhe Node 1

and N&{e 4 LRild ‘b@@eﬁﬁ g5 dfrebfod SlcklePOiHER nobos a&*é‘iljﬁ'oi'ﬂled so that they
each other directly or through the AP. It can based

are awaré tlge sisgnate istinersgt fI‘Hegtcmém 1nfcemacbby1brkm1castjt(r$lhthe nodes or
by rofigtruas abmocies tp mRa e PlocaHoR Bl ko Koyt it s not intended
for thr 8% is fp“?‘%ﬂentsaotﬁgf‘ L3h8s g"ljo %bt %%hg fr8sdlirces.

as ase

connectli on

[0238] e q L!!nr wireldss AN Whaé atcesavathatlediunmhs sypicdlty distibateds However,
sent to both the Node 1 and Node2 and_could be sent as |
the Adp h@a:hlghep Reicsity than@onnd BT Aro therdP san theroforgigrah she wireless

medlng 0 V\@r& et%giggéﬁ%git g%%tg%&isfto rEE%Yat%atﬁeQFsaiggfa%ﬁnéec%ess of the
wireless medium by the STAs. In the present invention, the AP grabs the wireless
medium after a defined interval (e.g., DIFS in IEEE 802.11e WLAN standard) and
transmits a broadcast message to all STAs indicating that a specified management
resource allocation period (MRAP) shall follow for data packet exchanges and
request/reservation for polled transmissions. During the MRAP a slotted Aloha
mechanism provides access to the wireless medium.

[0239] In the broadcast message from the AP for MRAP, the MRAP parameters such
as type, location and duration and the slotted Aloha parameters shall be included. The
type could differentiate between MRAPs used for associated and un-associated STAs.
[0240] MRAPs allow associated and unassociated STAs and AP to exchange
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by requiring all nodes to nonitor AP allocation
information (even if it is not intended for their
WQIs@®p/0206R0 s prevents ot her nodes from using t heCHERE05/027956
resources. [0238] In wireless LANs the access to the
hrredihum is typically distributed. However, the AP has
i gher priority than n- AP STA So the AP can

messagRaBfaPenigRElon Medn 1 Be cata peshange &° LnicAllE szmall data packets,
resourfP ATHENECH Rl BE Dol bRk SRR o roquests
[0241]) NVEhki AResd hrchEnpnalier AhdRiATRIes slotbetl Aboled heschanism. In the

defined interval (e.g., DIES in | EEE 802. lie AN
slotted Adnhamagchandsmr Sha faceess theouireless madisar émiﬂb\géprt data packets

nd: cat i h b ' .

(ot A A 0t BB IO T PR e S50 roaosts.

The wirclOQ196§i1AA tk ARIUEBIth BRRE vAkize Bqhal tot®le! Ra packet duration and
transm ssions. During the MRAP a slotted Al oha

transmissions sre gllowed eslpat tlss beginmieg of tle slots.nedi um
0242 T230] (LB oo e LOMUNE B8 100 s A bk o

countgrufs%éié{c]:gﬂ%%ie&%cﬂ S’TAFagldgﬂIsﬂégré}ﬁéﬁm&fé shal A '%%géng packet is

rnclu type cou rentiate between
transtn$@dd flieraldfisd ki fflcantten beemnos ratoe ThE bask offidtdler is chosen as
MRAPs al | ow associ at ed and_ unassoci ated STAs and AP

. . . 0
a uniforeMandisteibutesesandom vanebla dam m genteriony gyipdow. In the first

exchan 1$. typicalls 3 . .
st R Aok O BB pBS BB SPRMERR o i ofhe
conteRE SR WiRHbRYroRBWHIER thé ha B Wfestrankfddion Abknapisanttil it reaches

mechani smfor an MRAP is a slotted Al oha nechanism In

an uppke lighist The rate bk whichdhe conBmidomedadewigrews mayadgo optionally
depeﬁgbﬂfp@\g ptgrqrf;&grg)f (ijﬂea Etg'aﬁzcsct ct>rs egigan%ollcle {3t gm%ﬁ%% %Y access delay

specif?(ﬁ%ﬂﬁi. Hthe gf.{ﬁg%lg@ Sl RtdrAheo28WER b ontéNBoWwiRld8®e Controlling the
nme e I dat a

rumis divi Into slots of size equal tothe
conteRt ok etinduwdissod oathe heass dekeyi spesifization bllowedebtterynanagement of

t he begi nning qof the slots. [0242 n _exponenti al
accespdeleysiinfeslptiedMoha aw%%%@éalgi’s@ﬁél%%m% back
ff .qgounter . | [ ' [
02455 GRS aTBN I GhUBT A PAEMELA monlodgomponts (A
to the'b@hstd18siBAs Froh fTTAK e th eesuwatisfrsdotsT e oheakethod, a collective

of fcounter is chosen as a uniformy distributed random .
ACK framed5@5 issemtat sheendwof the MRABas shewmian Figuge 35. This collective

(or aggregated) ACK include individual ACKs for all STAs that contented in the
MRAP. In another method, a transmission from an STA in the reservation slot is
immediately ACKed by the AP within the same slot as shown in Figure 36. This
method has to define the slot size to accommodate both the data packet from the STA
as well as the ACK.

[0244] The responses to the STAs from the AP follow late‘r in a polling mechanism
administered by the AP. The poll from the AP would have resource allocation responses

for associated STAs that successfully transmitted their resource allocation requests. It
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attenpt the contention windowis set to a m ninmum

contention wi ndow. The size of the contention w ndow
w@e@e®20524 h t he nunber of retransni ssion attenmptBUSIIDE/027956

it reaches an upper |imt. The rate at which the

contenti on wi ndow grows nmay al so optionally depend on

the priority of t traffi¢c. For exanpl.e the sngl
would; havacHes saS@emaplong@aﬁ*q%%&l% TeGPORTEY f ssopated STAs that

0

s HS U ALY A A B AUEN r RBI OB st er

unsuc%@ﬁéfhf h&vd teretphhomst hei* paclers aghnptiie lodckosff esenter. The backoff
ays in a slotted Al oha access under high | oad

countey taéﬂqrem@nt{admnls] dﬁhegeMB:Aé’& wo possi bl e nethods for

10245} 5 16 e BE BN F1F SRS RR sTpe WkeeBi W Prpremt prmemissions
in an}’ég\g ?}%@ﬁlt @h@&ﬁieﬁ%s&ﬁrd@%ﬁdc@%n%E(SRASSOISMSR@@ frb@ colliding.

MRAP as shown in Figure 35. This collective
The ghard aige ergqumé)i dpiénida aiporethienpliysicaladize\cKshe BiSSithe drift of the

ot S0 R S A e B SRS v
e OS2 P IS A0 R0 G RO gt

especiilBefor disgeresod stggdmbd ih TERK 802 ddekeiodbl MerialrmsSThe RC may
as well as the ACK. [0244] The responses to the
estimateasingle rprsitaseguaad ime fordhgentirgd B ﬁ%lérhperlod or between

L St A —

on th #ﬁh@%tf SRICEESghHIenY ( ﬁ@diséfhﬁlt: 8fd &hﬁc)reﬁﬁpﬂlfecﬁ)smon ofthe SRA
ation requests. woul d have the

or M&RAom thheé enperfasmec Ehvrle)mmld@pmhe eglaisostalita SFd nssignments may
STAs that successf ul smIted their

requite, dgmEeh EBRTY ARREcH] PPy Al EHoDESOvoR EURsF s thgesame while

t their packets usin

accon#ﬂéa%acg%w 1 ? g%’ﬁst I{él?bé%tohacg&gﬁbff counter is )

[0246§leCr/aivaiysésh @dhiroll uhafgbd/ibeessar§2ub pfficiently utikke the available
802.H n period, guard tinmes are needed toprevent

bandWICﬁhsTmSQETC@ﬁsAﬂﬁllaﬁyntC%tr&b feaseatsohereqyied toguarantee QoS. The

al | ti ..
R0 o) ST e B 5 00 acamisin
contr@%cﬁlhg% 45 iahbtidr dritetyl. AhhisSioN éditrélntalyie $tﬁﬁdhrd1lz€& by IEEE

The clock at the STAmay be fast or slo
802.11n or other groups or may be left for vendor-implementation of the scheduler.

The admission control may depend on available channel capacity, link conditions,
retransmission limits, and the QoS requirements of a given traffic stream. Any stream
may be admitted or rejected based on all of these criteria.

[0247] Figure 37 is a flow diagram of a process 3700 for implementing an SRA
assignment in a system including at least one STA 3705 and at least one AP 3710 in
accordance with the present invention. The STA 3705 obtains synchronization and
association with the AP 38710 (step 3712). The AP 3710 broadcasts an EB which has
information for the IEEE 802.11n STAs about the allocations in IEEE 802.11n period

-46-



relative to the ideal tinme. The propagati on del ay may
have an insignificant inpact especially for distances
woboosoggest ed in | EEE 802. H n nodel scenari os. PAhesiE/027956
may estimate a single worst case guard tinme for the
entire | EEE 802. H n period or between two schedul e
announcenent s Vi The RCmay al so cal cul ate

? t he EBi
uch QﬁﬁRAStﬁ%M%%i FaPHd4hat ure of SRA assi gnnent
[0248£qur}‘éﬁsacﬁt {)]% el%i:ld)?% ??:Eg%l@gtr}fegw %%'lb' B{%iﬁfs fihe s%frame by -

transﬁ%ﬁi% ﬁlﬁéltlég‘a@%eékﬁﬁi dangiy fegaey b"e%@blnl thd AR a@hnguaces the CFP
o keep allocations over superfranmes the sang

therelhipreventingniega S@l‘ﬁmﬁnoun d:ramsmmtmgodumg thateperiod. If legacy

.0246] Adni SS|to$t§ Q{e %{ necgssary to
operagppilg PEhFIHPYULPE °28 PHEORDE 4381; E¥5&ndwi dt h resour ces.
[0249]83 gvmf}%&ﬂl& ST 9705%hnds SRAPFesBﬁ%sra&%téﬁ 3946/ B8 FPA 8705 reads

RC can either inplement adm ssion control in
EB totlbeatecMBSRA (step 35718). TheSBA 8765 duwooseman MSBAcicssentsa resource

auoca%x%a?r&%hg?é@?%%t FieebA s e %1?%} (i 87 20lh<The SR 3705 sends a
resourc atlllrgc%[tm\ﬁep es't '{B't%%edﬁ_[) tﬁaflﬁé‘%fhﬁqxﬁﬁ 371_6 Seceives the

m sSion contr ol annel

requeﬁﬁeﬁ)ﬁ’& hb3ignk hASRA '(lﬁlieblfilmﬂ) Tiat ABerIO&hbﬁI%ehdsmh &ckﬁ(mlledgement
DS requirenents of a given traffic stream

to theam daaydlb@llxaqmqlil@tﬂlv(ely)r(éife@c&7é’&)bEb@d‘\]% A7A0 then )éroadcasts an

£ 53 S B s 08
reads%ﬁét@r‘ahﬂ%ﬂﬂi‘;bé‘@}ﬁéh BRasts égé%rﬁﬂ%o?ﬁ' 0Step B 38, II’fh@SSTA 3705 may

one AP 3710 in accordance with the resent i nventi on.
optionilly &Ttar 27€tandby anode sytit theaSRfalﬁlasﬁl@ed (am%'?fiﬂ)p The STA 3705

with the AP 37 3712 AP 3710. br
reentess toppmECtKe Haggef §=Hp8 ﬁé hegning ?’@) as the AP

e er
5710 Yl AR tﬁ@ﬁ%%ﬁg%%lw. Rl b piited on he
assighéd SRANstsh 3738). APty START) nwnhple tes ey dpexatiohyprior to end of the
transmtti ng t he | egacy beacon. In the_ | egacy heago

assignarlSRA (sHraTes the S T (s, efirpAgnieg e ydicator to the
P T S8 B M B8 fcntor or n
activity detected within DIFS, the AP 3710 reclaims the SRA resources (step 3744).
The STA 3705 may enter a standby mode until a next SRA location is read from the EB
(step 3746).

[0250]  Although the features and elements of the present invention are described in
the preferred embodiments in particular combinations, each feature or element can be
used alone without the other features and elements of the preferred embodiments or in
various combinations with or without other features and elements of the present

invention.
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[ 0249] When the STA 3705 wants SRA resources at step
3716, the STA3705 reads EB to | ocate MSRA (step 3718).
wab@68I0528705 chooses an MSRA to send a resourBET/US2005/027956

al | ocation request via a slotted Al oha nmechani sm (step

3720). The STA 3705 sends a resource allocation

request to the AP 3710 (sOCHAIMR2). The AP 3710

receives the request and assigns an SRA (step 3724).
Whatiigslaimesliisp t hen sends an acknow edgenent to the STA,

(individually or collectively) (step 3726). The AP

3710 then broadcasts an EBwhich contains the

| pf or "R hGRirbRiss lcbmrdiRAicAsindsywesth inslhirling 428gastldir access point
STA3705 reads the EB and knows which SRA 1s assigned

(AP) aodiat lesisbpna7aefionTHEI ST A srsbodefyr spntuolling yaceesseto g wireless
standby nodg until th RA is.assigned (step 3732).
comml“r@_"@'f‘&‘ “Fbéhf}é?gﬁ’(og PR e node upon the
agvd ATeQe §Qh?@i‘ﬂ‘5n{esfo? Rrad@filssish bN8atlir® A4¥me domain, the
awalts for activity of the STA 3705 (step 3736). Data

superifsarhe dnshidihgch digh Haresghpute (HSRpermdewhidtsdncludestdteleast one

whedgleT pemmeonRlcs S S BB e
s DR 0s LR GRSy AR SR A1Ake i, amd o

MSRAbeifg definvd for tlahestiednginh i apddhér; afid eofffoBdath between the AP
reclainms the SRA resources (step 3744). The STA3705
and theytand a st andby node until a next SRAl ocation is

d,f t EB t 37 . 02 h . .
5 AL BB R 83 RIS Byl intormation
abou@ﬁ%gj{gegnd MSRA. preferred enbodi ments in particul ar
co

I nati ons, each feature or el enent can be used
al one without the other features and el enents of the

preferped enmpodi ts Qr.in various .combinations with
0P Wi t tmga}?gr‘ﬁ?‘@%’tlﬁ MY ORYEFPS: of the present
[ PH@STAO&cefv%g"tN@E@at is claimed is: 1. In a
w'reless conmmufli cation systemincluding at |east one
agke ST pebnding a resource allocation request (RAR) to the AP in an MSRA
when the STA needs to access the medium for transmitting traffic data;
the AP receiving the RAR from the STA;
the AP sending a response to the RAR for allocating at least one of a particular
SRA and an MSRA for the STA; and

the STA and the AP transmitting data at the allocated SRA.

3. The method of claim 1 wherein the STA sends the RAR using a slotted

Aloha contention mechanism.

4. The method of claim 1 wherein the STA sends the RAR using a carrier

sense multiple access/collision avoidance (CSMA/CA) mechanism.
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(AP) and at |east one station (STA), a nethod for
controlling access to a wirel ess conmmuni cati on nedi um

WO b@etomtskod conpri sing: the AP defining a supePdT/aRE05/027956
for transm ssion of data in a tinme domain, the
superfranme including a high throughput (HT) period
whi ch includes at | east one schedul ed resource

al |l ocatj on (SRA) d at l.east gne nage t SRA . ...
(hSRay The FestBrod of g bavharetn 1 B Benfi diegt Besofisity than a
the STA, and the MSRA being
legacﬁgé{i’%oggﬁﬁﬁi@?étgﬁé%ﬁ% I ng managenent and control data
bet ween the AP and the STA; and the AP broadcasting an
ext ended beaconm%EB)., the EB_including information
about The ngrhodmd chErnd wherpie the ifibis management frame.

further conprising: the STAreceiving the EB; the STA
sending a resource allocation request (RAR) to the AP

i an MERAZARA b elaSi BeRHsrdiA fCEFS hhbet"RAsHM HeFtion of the
transmtting traffic data; the AP receiving the RA

inforrhation teéhem&fty of the la@agebedcog. a response to the RAR for
all ocating at | east one of a particular SRA and an
MSRA for the STA; and the STA and the AP transmtting

aﬁ-t a &i‘h{a ﬁe@ﬁo&fﬁ&%gn ?hR@hﬁi%nTah ﬁoﬁﬁiﬂ&gt&{ SRR MSRA and an

erein sen using a slotted Al oha
SRA awiéehby the 8Zhard favlaidned he anrigendresburdeailinchtiohalORA).
the STA sends the RAR using a carrier sense multiple
access/col i si on avoi dance (CSMN CA) nechani sm 5. The

0 tr Ihgg’ll‘ ff, tr@tlat?xiﬁ?no]f é:‘i\\%ﬁ% ﬁi \@h%rrlﬁn %ﬁe IM@R% %i %gegi;ﬁ? tr%le &giassociation

egac eacon broadcas

reque8t ahflSeBBéhy r@iss@lzi@ﬁﬁrﬁréﬁ%éﬁhﬂdtﬁ@ﬁ)(ﬁ_ﬁel 8nRAR and response and
managenent franme. 7. The nethod of claim5 wherein the

exchabgeldsnanagenent infpomation. of t he

10. The method of claim 1 wherein the AP sends an acknowledgement (ACK)
for the RAR.

11. The method of claim 10 wherein the ACK is sent collectively for all STAs
contended in the MSRA at the end of the MSRA.

12. The method of claim 1 wherein an acknowledgement (ACK) is sent for
each data after the transmission of the data in the SRA.

13. The method of claim 1 wherein the AP sends the response to the RAR

either collectively or individually.
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informati on el ements of the | egacy beacon. 8. The
met hod of claim 1 wherein a non-allocated SRA, an MSRA
war@eams3RA unused by the STA are recl ai ned asPemuUsSmes 027956

resource allocation (ORA). 9. The nmethod of claiml
wherein the MSRA is used for one of association
reiquesrhandetlasb @fsdaimeas sdeirain dher 8desendsdanother RAR for
response, an RAR and response and exchange of

mOdlﬂmﬁage)ff‘éhﬁ geaigneda®®On. 10. The nmethod of claim1
wherein the AP sends an acknow edgenent (ACK) for the
RAR. 11. The nethod of claim 10 wherein the ACKi s sent

o, | ectih/fle¥hb@bf @him FHASh &Mt ehelathdificdthen M33At akiriden MSRA.
end of the MSRA. 12. The nethod of claim 1l wherein an

acknow edgerment (ACK) is sent for each data after the

61 b stosof Agisan Cwhesip RS ragibnenChds PSS on data

il @R%col | ectively or indivi dual ly.14. The nethod of
Wlthuglhgi m 1 wherein the STA sends anot her RAR for

nmodi fication of the assigned SRA. 15. The nethod of
claim 14 wherein the nodification is Eent usi n

VERA, Tlae mrkRos 8 flaimort ¥herein the medtifation i sent through an open

nodi ti0 d
resouf B SRH ) M RACKSH SRR SARAN B csbpned o an
SRA wEith ikhiseisgiedBuopeiudedsipra@Tal | ocation (ORA), the

ORA is an SRA or MSRA which is not assigned or an SRA

which is assigned but not used by a STA. 18. The

ho f cl 1 rel he .EB,. n desy.ipf.or '
ofP neT o ahefigfl of it omeoEs thPauS dReLdRs Gl atlon on the
éﬁ?ﬁ%ﬁ] i fiRIRE sHAChad MISRWRer ei n the
locati Ainclu élss quallty of service (QoS) requirenments in
the RAR, whereby the AP schedul es assi gnnment of SRAs
beS.ed 'i)‘ etnrllethod of claim 1 wherein the STA includes quality of service (QoS)
requirements in the RAR, whereby the AP schedules assignment of SRAs based on the

QoS requirements received from the STA.

20. The method of claim 19 wherein the AP further considers a basic service

set (BSS)-wide knowledge of pending traffic in scheduling assignment of SRAs.

91. The method of claim 1 wherein SRA location information is included in

the EB and may be changed after N EBs.
92. The method of claim 1 wherein the SRA and the MSRA are defined by
starting time and duration, whereby data transmission shall not exceed the duration

limit.
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QS requirenments received fromthe STA. 20. The net hod
of claim19 wherein the AP further considers a basic
wa eoogiozis26et (BSS) - w de knowl edge of pendi ng tpref/Usmos/027956
schedul i ng assi gnnent of SRAs. 21. The nethod of claim
1 wherein SRA location information is included in the
EBSan dThayndthododnkpénh hfurdheh:dERerisizg theeP srending aoheasurement
aim1l erein the SRA and I\/ISRAar defi ned by
reque§{; 5‘? Ph%&yl\l{& rﬁﬂﬂe%?%ﬁhé{ﬁlcainﬂ@@élﬂ}e@% ‘t ransni ssi on
shall not exceed the duration |imt.23. The nethod of
claim 1further conprising the AP sendi ng a neasurenent
r 2Q1uesThe endthed ST Afadm 2B Ghesdinthe phessiuedinent request and a response
nmeasurenents. 24. The nethod of claim 23 wherein the
are serdeasiae aekionfeaiest and a response are sent as an
action franme. 25. The nethod of claim 23 wherein the
physi cal neasurenents include at |east one of

| ok er f pheRaethddeseildRA 28 WhateifitthetyiddldhéadBements include at
(RSSI), path loss and channel quality indicator

ca

least 2fe dﬂwmtaeﬁahmbeoﬂ'ec¢1aed1 ganahstirength mediceton (ESS§) pla)eh loss and
%eg re s are used for antenna

chan H’Vll lca 9 ‘met hod of claim 26 wherein the
antenna calibration is perfornmed using an action frame
including at |least one of a transmtter identifier, a
r e6ei VEhe intlsthiodfof elaine23 wéveseinttha re@uibaof the phiykicat measurements
receive antenna_identifier and RSSI information. 28.

are usebforeanieanaicalibsalres wherein a special packet is
transmtted between the AP and the STAfor supporting
ant enna beam steering. 29. The nethod of claim1l

Whgr ei ThehaeADE 6NERit 26 RéhdrafrDEh@ binddnh® chliBratidh is performed
30. The nmethod of claim1 wherein the AP and the STA
usingsam petionnirbmeimilnging at least one of a transmitter identifier, a receiver
identifier, a transmit antenna identifier, a receive antenna identifier and RSSI

information.

28. The method of claim 23 wherein a special packet is transmitted between

the AP and the STA for supporting antenna beam steering.

29. The method of claim 1 wherein the AP sends timing information to the
STA.

30. The method of claim 1 wherein the AP and the STA support multiple-
input multiple-output (MIMO) operation, the AP sends the MIMO -capability
information to the STA in a legacy beacon or the EB, and the STA sends MIMO

capability information to the AP in an association request message.
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mul ti pl e-out put (M MO operation, the AP sends the

M MO capability information to the STA in a | egacy
wheaesomser the EB, and the STA sends M MO capabd1/U83005/027956

information to the AP in an association request

message. 31. The nethod of claim1 wherein hybrid

ait.onefhenrethedof ¢leqnéswher¢mﬂa®jomiafpabmalﬁn¢ rapeat gequest (H-ARQ)

changed ﬁurln n. a5300|at|o uest, and r onse

capabgztlesrﬂ@ NS %f wing ﬁPsafSaﬂé PrF H@SEEIA‘%ET S&t up

for a particular application or channel type. 33. The

met hod of claim 31 wherein H ARQ feedback i nformation

i 32.t r anBembétbddast dae @ stereiactet FBARS dypbhopefdr enparticular

a data packet. 34. The nethod of claim1 wherein the
applicgtinncomghanned tape-HT STA and a | egacy STA, and the

nmet hod further conprises: the AP broadcasting a | egacy

beacon for announcing a contention free period (CFP)

t@s Pr eFREt miebiSod Ffaedaiml A1 Gihdrea SHLARQ feédbbddly ihft#mation is
CFP. 35. The nethod of claim 34 wherein the superfrane

transuotipdieses separate packetoyapigaybadkedarpa slada pachet.-ent i on
period (CP), wherein the |legacy STAis permtted to
send data in the CP under |EEE 802.11 and | EEE 802.
I st 3 I nd a
I 7 AERE IR Ehod 0X AR0R, LR e ST e ST TA 2
legacy BTIANaM tieametiod fethéy smpprises 20MHz operation for
the HI STA.. 38. The nethod of ¢laim 34 wherein the Al
bromdcmns) BelegRrRepeAn IHHAINOUREANS G copfgntion free period

core G §lsRh it P SR el bl e 002>

peri odi C|ty, frequency band and subchannel

iinformati on. 40. The nethod of claim 34 wherein the EB
| 851 r aRbeimetdwdaef elaimgh whexein the superframeeconaprisss the legacy

beacon ®8i6 CFP and a contention period (CP), wherein the legacy STA is permitted to
send data in the CP under IEEE 802.11 and IEEE 802.11e standards.

36. The method of claim 35 wherein the HT STA may transmit data in the
CP.

87. The method of claim 34 wherein the AP supports 20MHz operation for the
HT STA.

88. The method of claim 84 wherein the AP supports 40 MHz operation for
the HT STA.

59-



41. The nethod of claim 34 wherein the | egacy beacon
i ncl udes information regardi ng frequency hopi ng (HP).

wd 2006/0bs20met hod of claim 1 wherein both the APPenUS10h&027956
STAsupport packet forwarding to another node of the
system 43. The nmethod of claim42 wherein the packet .
39.warbhemathod of tlaimedd wheraisl thei legaembeacomaimelifies information

e R S B A Sy A e

informydfidh zi Ng Address 4 of current |EEE 802.11 standards
or an internedi ate address. 45. The nethod of claim
42 wherein the packet forwarding is performed by
i ncluding nore _tha ong@d stipa ress a

: i on_ad d :
i40i caFhegathed 94 claim rE Hes 5derBemitied apgchigher data
' further conprising: a transmtting
rate t@%ﬁ?@%é%’%&a@é&@?gbt link protocol (DLP) request to the
AP; the AP forwarding the DLP request to a receivVving

STA; and the_ AP accepting the DLP request if channel, .
gkl i tThemetbed of klainy 3 sthereimthedpaagy heasan insbedes information

TA is sufficient f§ the DLP, whereby the AP and the
regaréﬂg %ﬁ%‘b%‘?cty }%ﬂﬁn\gcg'ﬂq{}eer-to- peer communi cation between
the STAs.47. The nethod of claim 46 wherein the

transmtting STAsends a nessage to the AP to di scover
t42 r €Fhe wetho§bAcladt 1 Ferant batdh thie AP aind the STHAsupport packet

the AP sends a nes e tqg the transmtting STAfor
forwaﬁ‘g‘élﬁﬁo eapoggaﬁﬁlgq?s &Mty between the

transmtting STA and the receiving STA. 49. The nethod

of claim46 wherein the DLP may be torn down by one of

t4® t rEhs méthoddpflAnadd whereie the packetSoatmardmpdisnmeréormed by
] message to the AP. 50. The nmethod of claim49 wherein
includingimereathan pre dedddénation pddresfery tine the STA

recei ves a data packet, whereby the STA teardowns the

DLP if there is no

44. The method of claim 42 wherein the packet forwarding is performed by

utilizing Address 4 of current IEEE 802.11 standards for an intermediate address.

45. The method of claim 42 wherein the packet forwarding is performed by
including more than one destination address and indicating the packet as a multicast

packet.

46. The method of claim 1 further comprising:

a transmitting STA sending a direct link protocol (DLP) request to the AP;

the AP forwarding the DLP request to a receiving STA; and

the AP accepting the DLP request if channel quality between the transmitting
STA and the receiving STA is sufficient for the DLP, whereby the AP and the STA

support DLP for peer-to-peer communication between the STAs.
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data before expiration of the tiner. 51. The nethod of

claim46 wherein the transmtting STAand the receiving
wEImaeysee at e bandwi dth after the DLP i s set upPCBRS20051@27956

met hod of claim 46 wherein each STA nuaintains a

dat abase of all STAs that each STAcan communi cate

directly. 53. Amethod for controlling access to a

W rel ess communi cation nediumin an ad .hqc

) ] et wor
cbhpr i Thegnether of eleimAdtwhereinithp fransmighing gﬁé Ggmessage to
.1 sing., each.STAn&hRt ai ni ng a dat abase of ot her
theA%.?; quﬂt]&ﬁgeﬁedﬁlng;%hgm hops, a one hop STAbeing a
STAt hat can receive signals from other one hop STAs

and a two hop STAbeing a STA that cannot receive
s4@nal The rmethoderf claomhdp whazeiputhe aAPr serdy @ message to the

AU T R T R R
and t@_ﬁgd&%ing@[‘ﬂ?di umis in use; anda receiving STA
I ng

sen nessage to a one hop STA of the receiving
STAthat the nmediumis in use, whereby the one hop STAs

of the transmtting.STA and the_r [.vi ng. STA refrain
149m t Fananeiborf cldm thrderenihgidh Py, &e};ﬂrm doingone of the

wanshFEY S5, FRE S fRSTAE R gt the AP

nessages i nclude at | east one of bandw dth
requi renents, address of a transmitting STA and a

5@ei vThg netthodaofilaimuéd ssherainieach B4 isatializes a timer every time

dul ati on e ubcanriers,, | matipn regardi-ng. .

tho STAHACEHG, FRES peSHACRAIALEDS i R TPl R i there is o
data 5&HFe e:’é;?iraﬁoﬁ“cff%h@%ﬁn&qmmm cation system for _

controlTing access to a wreless comuni cati on nmedi um

the system conprising: at |east one station (STA); and

ap_ access poi nt ). C rising, means for defi.ning.a . .

Bbor B O AR SATGHFTEH (ha GARAT S SO the receiving
STA negotiate bandwidth after the DLP is setup.

52. The method of claim 46 wherein each STA maintains a database of all
STAs that each STA can communicate directly.

53. A method for controlling access to a wireless communication medium in
an ad hoc network comprising a plurality of stations (STAs), the method comprising:

each STA maintaining a database of other STAs within one hop and two hops, a
one hop STA being a STA that can receive signals from other one hop STAs and a two
hop STA being a STA that cannot receive signals from other two hop STAs but can
receive signals from neighboring STAs;

a transmitting STA sending a message to a one hop STA of the transmitting

STA that the medium is in use; and
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the superframe including a high throughput (HT) period
whi ch includes at | east one schedul ed resource

wa@bkdoeoatseon (SRA) and at | east one nanagenent BRAUS2005/027956
(MSRA), the SRA being defined for transmtting traffic
data between the AP and the STA, and the MSRA being
defrecetvlinoo8 TArsending &imessaga dgarsret hgm8TAoofi thel redeiving STA that

th RSPy Do 505 B BRSE 2551 i B an e
. h . e '
o RSS90 SO SRR PIAE MR UFAPUER and ho

receivifid W dérecElyonsRuhicadtb aviBAGuY iortedbraneat i ng at | east

one of a particular SRA and an MSRA for the STA,
wherein the STA conprises: nmeans for receiving the EB;

f dj . .th [ ;
CRE ST R aBerirat AR RE Whtrin, (e thedTheBR ifpITs MMbast one of
band¥idhf t&qlpdRentd)dARiFest B S TARMItHRASTA andnhtreddiving STA, a
at the allocated SRA. 56. The systemof claim55

frequeheyr band; hepSfarredniwdulaticnRods, rmypbeastiors, dufoynostaon regarding
contention nechani s The tem of ¢l aimb55
mumﬂi‘)ﬁelfr&?qj? WHQT@?A"&EH?@/&K@OW@%&@& £24%i er sense
mul ti pl e access/col |ision avoi dance (CSMA/ CA)
mechani sm 58. The system of claimb55 wherein the
EBhas A dilfdessecomparicaiion tsystémarfon coatyalling ercess to a wireless

broadcast by the AP. 59. The system of claim 58
Comﬁm&f?@ilwﬂ@lw,i@eéymgéﬁﬂﬁsmghm. 60. The system

of, ¢l ai m. 58 ' h B has at | east a portion of
tﬁ%@%ﬁ?ﬁ&%‘ﬁﬁzﬂﬁnﬁ‘&f the | egacy beacon. 61. The
s¥ARBR pEhA(APPEMPLisaig non-al | ocated SRA and MSRA

and an SRA unused by the STA are reclained as an open
r esour seaalifocdefimingEoruyerframe for transmission of data in time domain,
the superframe including a high throughput (HT) period which includes at least one
scheduled resource allocation (SRA) and at least one management SRA (MSRA), the
SRA being defined for transmitting traffic data between the AP and the STA, and the
MSRA being defined for transmitting management and control data between the AP
and the STA;
means for broadcasting an extended beacon (EB), the EB including
information about the SRA and MSRA,;
means for receiving a resource allocation request (RAR) from a STA; and
means for sending a response to the RAR for allocating at least one of a
particular SRA and an MSRA for the STA,

wherein the STA comprises:

means for receiving the EB; and
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62. The system of claimb55 wherein the MSRA is used
for one of an association request and response,
WO e@sdoise@t i on request and response, an EAR anBCT/US2005/027956
response and exchange of managenent information. 63.
The system of claimb55 wherein the AP sends an
acknowmedne fimrdendipanfRA Rt tods hRARP b2t an ISRy whem the STA need to

cl.ai m 63 erein the ACKi s..senf callegtive for, all .

accessHieme B AT e P AR GRS Ak & RAEDBHEG Fb AR eghP transmit
S ai m 55 wherein an acknow edgenent

data %Q’lﬁiﬁ@%ﬁ?%r each data after the transm ssion of

the data in the SRA. 66. The system of claim55

wherein the AP sends the response to the RAR either .
.| ecThe eystent of elgim 2fumheyeingthe SRA sepdsdhe AR uging a slotted

Aloha55 \%,he{iei n the %TA sends another RAR for nodification
of R 8%&‘32]&? BRA. 68. The system of claim 67

wherein the nodification is sent using an MSRA. 69.
The system of claim67 wherein the nodification is )
b Ggy UEb& egistem dficlaimi GhivihezneinShe STA senide the AR using a carrier

cl ajm.67 wherein .the nodificatj.qn, s, sent through an
sense a8 Al BB Ao S MAKEA B ehabIHr A, or

MSRA which is not assigned or an SRA which is assigned

but not used by a STA. 71. The system of claim55

wbr ei Thé bestebh offuihim &S whéminihe 8B has a ldéffexwrdtpepivalicity than a

durations and types of SRAs and MSRAs. 72. The system
legacy,beagosy baosslcapidhethe ke STAI ncl udes quality of service

(QS) requirenents in the RAR, whereby the AP

schedul es assi gnnment of SRAs based on the QS

r ®glui r’FHE\'%};&eh?@ﬁél‘éﬁﬁ 58 ahcrbia thorER3s allhanayshemt GFame.
claim?72 erein the AP further considers a basic

service set (BSS)-w de know edge of pending traffic in
sghedulj ng assi nt SRAs. . 74. system of claim
60 uhelhf yaieeh R bg WESHaia i BIE HRSCHRetgt o pBHion of the

information elements of the legacy beacon.

61. The system of claim 55 wherein non-allocated SRA and MSRA and an

SRA unused by the STA are reclaimed as an open resource allocation (ORA).

62. The system of claim 55 wherein the MSRA is used for one of an
association request and response, reassociation request and response, an RAR and

response and exchange of management information.

63. The system of claim 55 wherein the AP sends an acknowledgement (ACK)
for the RAR.
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the EB and may be changed after N EBs. 75. The system
of claim55 wherein the SRA and the MSRA are defined
whygoostaso ng time and duration, whereby data PCT/US2005/027956

transm ssion shall not exceed the duration Iimt. 76.

The system of claim55 further conprising the AP

$dndi Mhesystasiofelsn 68 edussin the AGK BTsensrcoHectiedyifoyall STAs

physi cal neasur enﬁnt s.. 17 ﬁgﬁzﬁst emof claim76
contengesiai the MSBA at the sadof the nd a response are

sent as an action frame. 78. The systemof claim76

wherei n the physical neasurenents include at |east one

@5.1 NTERd SyRBRFof clahAISEFher¢nadn atkeowgldigentintad AWK) is sent for

(RSSI), path loss and channel quality indicator (CQ).
each dzga after thedrenswissiompfitlradatseinethe PRA.resul ts of the

physi cal neasurenents are used for antenna

calibration. 80. The systemof claim79 wherein the

HY. engﬁh& & dtRRALf QRith P fiHeRbPthd APNGAIR el iegPohdeattthe RAR

including at least one of a transmtter identifier, a
eitherrcetlectieely ateimidifidenllya transnmit antenna identifier, a

receive antenna identifier and RSSI information.81.

The system of claim 76 wherein a special packet is

tL-ANSTH . T 0oL}

A ennib SshaheBf ke A icheby e NIA FHABEhOMEr RAR for
modifiagiodi ¢f theers8figredBRAL i mi ng i nformation to the STA

83. The system of claimb55 wherein the AP and the STA

support nul tipleinput multiple-output (MM

oper ation, the s.en t-he ik Ly .

R0 B CRAEIR oGl MR SERBALHOn o e s en MISRA
and the STA sends M MO capability information to the

AP in an association request nessage, 84. The system

9.cl dl'he Sgsteheofdlairh@irwherain shamedifieption is piggybacked on data

H-
Withil‘(l anAgi%.

70.  The system of claim 67 wherein the modification is sent through an open
resource allocation (ORA), the ORA is an SRA or MSRA which is not assigned or an
SRA which is assigned but not used by a STA.

71. The system of claim 55 wherein the EB includes information on the

locations, durations and types of SRAs and MSRAs.
72.  The system of claim 55 wherein the STA includes quality of service (QoS)

requirements in the RAR, whereby the AP schedules assignment of SRAs based on the

QoS requirements received from the STA.
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capabilities are exchanged during association request

and response. 85. The system of claim 84 wherein the
WoRMRQRG530 set up for a particul ar application BET/US2005/027956

channel type. 86. The system of claim84 wherein H ARQ

feedback information is transmtted as a separate

PEg.ket The sphteay bhclkad TnwherkihahpadR éirth8¥ coldidersys basic service
of claimb55 wherein the STA conprises_an HT STA and_ a
set (BSSyacidedmowlietge ebpendingipafiiciayecheduling assigympahebaRAs.
for announcing a contention free period (CFP) to
prevent the | egacy STAfromtransmtting during the

CFP. 8PBhe Lhsteny oF 8RR 55 whkpeil SRAGb &I thort fofmBgiohria ikcluded in
conprises the | egacy beacon, the CFP and a contention

the EBeandthayOR) chamgadeafiet NeEBsgacy STAi s pernitted to
send data in the CP under |EEE 802.11 and | EEE 802. 11e
standards. 89. The system of claim 88 wherein the HT

Vi C
L e
startibgAime hndldweratimt, evhetbyg ldatatBihsnhissipnshdibnétRexceed the duration
. . supports 40MHz operation for the HT STA. 92. The
l1ml’5-syst em of claim87 wherein the | egacy beacon includes
i nformation regardi ng the EBi ncluding at |east one of
periodicity, frequency band and subchannel

| pé.or Mthi Q?ste?&of cliien 55 St RePéorapAkingthe P s dink Aen&dsurement
is transmtted at a higher data rate than the | egacy

requestbe time STA forrequgstingrpbisichhineagurements. n t he | egacy
beacon includes information regarding frequency hopi ng
(HP). 95. The system of claimb55 wherein both the AP

g?’?‘. t hehel 8% {aBRTESILERINBR SR shiPerRBAL NRJueBPERd a response

the system The system of claim 95 wherein the
are sqitckedn hotivarfeamg. i s performed by

78. The system of claim 76 wherein the physical measurements include at
least one of interference, received signal strength indicator (RSSI), path loss and

channel quality indicator (CQI).

79. The system of claim 78 wherein the results of the physical measurements

are used for antenna calibration.

80. The system of claim 79 wherein the antenna calibration is performed
using an action frame including at least one of a transmitter identifier, a receiver
identifier, a transmit antenna identifier, a receive antenna identifier and RSSI

information.
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i ncluding nore than one destination address. 97. The
systemof claim96 wherein the packet forwarding is
w@eooboeese@ by utilizing Address 4 of current |BEFUS2005/027956
802. 11 standards for an internedi ate address. 98. The
system of claim 96 wherein the packet forwarding is
8. f orire spstenmef eldim 6wherdihanspecialdeskieh i fransmitted between
address and | ndicating the packet as a.multicast
the AB eidcihesBTAHE SUpBORMS PG PEER N { he STA
further conprises neans for sending and responding to
a direct link protocol (DLP) request to the AP; and
tée APTheélEydétem 6PclaiinSBSwitessia ther AP eends dirhing iidohtion to the
request to a receiving STA and neans for accepting the
STA.DLP request if channel quality between a transnitting
STA and the receiving STAi s sufficient for the DLP,
whereby the AP and the STA support DLP for

PERT - UPh_FELRP BIERiARES Whrinaied APTA6d the BTA REpport multiple-
system of Claim 99 wherein the transmtting STAsends a

input mesdsigbe-votpute (MIMO) doparatien, tthe AR esanidsy tBe AMIMQ. capability
. The system claim 99 erein the A end
mform@tl%)éwﬁ%ﬂqghﬁ i g la8Rey é%easqrr@}f‘eﬁﬁo?n@ B F@f{iaége%ds MIMO
capat@ify rffrIELPRSH 3 1A AR RAsbL AR OGRR K qRE®, 1 1O

be torn down by one of the transmitting STA and the

recei ving STAby sending a nessage . to the AP. 103. The
s¥4t erdbe swtanmflcdzlmﬁg ﬁ@iﬂi‘eléh]el%blﬂml?ﬁmﬁﬁf: ropaat gequest (H-ARQ)

capatifilFh o Fithacdl ipg Hre iAot TRafr i BRERLs o,

before expiration of the tinmer. 104. The system of
claim99 wherein the transmtting STA and the )
r&z.ei Vihg sgsiemafailaimn Sdowheveiat theati-ARQ he sgt ppj for a particular

applicsa%}ol%lpbr channel type.

86. The system of claim 84 wherein H-ARQ feedback information is

transmitted as a separate packet or piggybacked on a data packet.

87. The system of claim 55 wherein the STA comprises an HT STA and a
legacy STA, whereby the AP broadcasts a legacy beacon for announcing a contention

free period (CFP) to prevent the legacy STA from transmitting during the CFP.

88. The system of claim 87 wherein the superframe comprises the legacy
beacon, the CFP and a contention period (CP), wherein the legacy STA is permitted to
send data in the CP under IEEE 802.11 and IEEE 802.11e standards.

89. The system of claim 88 wherein the HT STA may transmit data in the CP.
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105. The system of claim 99 wherein each STA maintains

a dat abase of all STAs that each STAcan conmunicate
waleroeodsgo 106. Asystem for controlling access POI/ES2005/027956

Wi rel ess comuni cation nmedium the system conprising a

plurality of stations (STAs), each STA conprising: a

dat abase of other STAs within one hop and two hops, a

aone hop STA bei a t hat .c regei ve si f .
ot ndhesvetarsst Spkmaaverelg ey SLTabButn G0N L ppfifion for the
HT seannot recei ve signals froma one hop STAbut can

receive signals from neighboring STAs; and neans for
sending a nessage to a one hop STAthat the nediumis

in use, whereby the one hop STAs of a transgitting S
o o TheswistemeT SPARCS{ herendined 2 aupne ﬁ@\@gw agation for the
HT S e transmtting STAand the receiving STAdirectly
mruni cate without interference. 107. The system of
cl ai m 106 wherein the nmessages include at | east one of

bandw dth requirements, the address of a transmtting .
SPA arkheasysbewi of clgins BY wherain dherdegadyabricon ipeldes igfprmation

regaré}gg%ilg %ﬁpncﬁgi%gaa%qeg&bgn%r({tj p%&'lso'dicity, frequency band and subchannel

information.

93. The system of claim 87 wherein the EB is transmitted at a higher data

rate than the legacy beacon.

94. The system of claim 87 wherein the legacy beacon includes information

regarding frequency hoping (HP).

95. The system of claim 55 wherein both the AP and the STA support packet

forwarding to another node of the system.

96. The system of claim 95 wherein the packet forwarding is performed by

including more than one destination address.

97. The system of claim 96 wherein the packet forwarding is performed by
utilizing Address 4 of current IEEE 802.11 standards for an intermediate address.

98. The system of claim 96 wherein the packet forwarding is performed by
including more than one destination address and indicating the packet as a multicast

packet.
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99. The system of claim 55 wherein

the STA further comprises means for sending and responding to a direct link
protocol (DLP) request to the AP; and

the AP further comprises means for forwarding the DLP request to a receiving
STA and means for accepting the DLP request if channel quality between a
transmitting STA and the receiving STA is sufficient for the DLP,

whereby the AP and the STA support DLP for peer-to-peer communication
between STAs.

100. The system of claim 99 wherein the transmitting STA sends a message to

the AP to discover the receiving STA.

101. The system of claim 99 wherein the AP sends a message to the
transmitting STA for measurement of channel quality between the transmitting STA

and the receiving STA.

102. The system of claim 99 wherein the DLP may be torn down by one of the
transmitting STA and the receiving STA by sending a message to the AP.

103. The system of claim 102 wherein each STA initializes a timer every time
the STA receives a data packet, whereby the STA teardowns the DLP if there is no

data before expiration of the timer.

104. The system of claim 99 wherein the transmitting STA and the receiving
STA negotiate bandwidth after the DLP is setup.

105. The system of claim 99 wherein each STA maintains a database of all

STAs that each STA can communicate directly.
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106. A system for controlling access to a wireless communication medium, the
system comprising a plurality of stations (STAs), each STA comprising:

a database of other STAs within one hop and two hops, a one hop STA
being a STA that can receive signals from another one hof) STA and a two hop STA
being a STA that cannot receive signals from a one hop STA but can receive signals
from neighboring STAs; and

means for sending a message to a one hop STA that the medium is in use,
whereby the one hop STAs of a transmitting STA and a receiving STA refrain from
transmitting so that the transmitting STA and the receiving STA directly communicate

without interference.
107. The system of claim 106 wherein the messages include at least one of

bandwidth requirements, the address of a transmitting STA and a receiving STA, a

frequency band, a preferred modulation mode and subcarriers.
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