[0001] METHOD AND SYSTEM FOR CONTROLLING ACCESS TO A
WIRELESS COMMUNICATION MEDIUM [0002] FIELD OF INVENTION
[0003] The present invention is related to a wireless communication
system. More particularly, the present invention is related to a method
and system for controlling access to a medium in a wireless
communication system. [0004) BACKGROUND [00051 The IEEE 802.11
working group, Task Group n (TGn), has been set up to develop a new
wireless standard with a data rate in excess of 200 Mbps to deliver high
throughput data, such as high definition television (HDTV) and streaming

g

more efficient medium access control (MAC) architecture and associated

[000Procedures which support &MalENYOS PRyl leyer interfaces that may
be optimized to meet a throughput of 100 Mbps on top of the service |,

[0003kcess pdiRe cPtreMABVEYEPInderalttctutrest HEER S0 X O RGIcEsion system.

MordOGH-BERBASIWEIK (MLRAN) SRIVARJRAMIGRIGAIS aad AeRIMBENEnd system for
scenario assumptions. [0007] SUMMARY [0008] In accordance with a

contfpHingpeeets the predihnifivertyisleheroBNpPIBlgaEaRsEeBd for
controlling access to a wireless communication medium, the method
comprising: broadcasting a first beacon at a first interval; and

{000B)oadcasting a second beaconBBBIKAIGHETA at a second interval,

[GOOWPiCh s S?Rét?%gﬁ%gflfys&g%%%alf Oopgsqg @r%lﬁd%eoéxieﬁ%@\ﬁvﬁggsa been set up

Second aspec e present inve , thére 1S prov
to throughput station (HT STA) comprising: a receiver configured to receive

e B SR T B ST RS RR R ver i
throadoeidaace witthasthi-BspethnidhegleassioninvDIon) tetgiscaming video. The
theoretical maximum throughput of existing standards IEEE 802.11a and IEEE
802.11¢ is around 54 Mbps, and the highest usable throughput is around 25 Mbps.

[0006] It would be desirable to provide a more efficient medium access control
(MAC) architecture and associated procedures which support a variety of physical
layer interfaces that may be optimized to meet a throughput of 100 Mbps on top of the
service access point of the MAC layer under the current IEEE 802.11 wireless local

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

[0007] SUMMARY
[0008] In accordance with a first aspect of the present invention, there is

provided a method for controlling access to a wireless communication medium, the
method comprising: broadcasting a first beacon at a first interval; and broadcasting a
second beacon (SB) information at a second interval, which is shorter than the first

interval.



provided a method for accessing a wireless communication medium, the
method comprising: receiving a first beacon at a first interval; and
receiving a second beacon (SB) at a second interval that is shorter than
the first interval. [0008c] In accordance with a fourth aspect of the present
invention, there is provided an access point (AP) comprising: a

[0008@nsmitten cafigdreddovignamieaditgt Beaconatibdirstdptatvityantda, there is
transmit a second beacon (SB) at a second interval that is shorter than

provigiedsiasdigh AT OfsowRt] EANSE Hdnt bi\thPrideHPHverfiRsT R repagured to
receil® @ HENOLARH SYSIRD [R1LORIr MY RLEESS IR’ PEHIHBL R AWERIPEE a second

communication system. A MAC architecture builds upon the existing
interyaEBB02 dionxCharctiteGustatndvies. IEEE 802.11 e extensions to

rovide higher performance. A superframe structure may be defined in ]
[0008Rle domBinaermidairea ¥ Bhtehtion fletspesio® ivifch RERS et clgiction, there is

led.r | ian (SRA; .
provfﬁ%%)ﬁ%@ggu%‘? %&%Qgﬁ% §We%4?a§$m%ﬁgﬁnﬁ@ Eg?ﬂr?g the method

a contention period. An extende (EB) Inc
compriemgatiencabimgt thErSRAcarzh MSREArshaytbevirgrsniiteckfomT esdaond beacon

MAC architecture reduce station battery consumption, support higher
(SBIAARHT W%ﬁ%ﬁltﬁ 19@13%31‘%@%%?@5%0@ efficient for
[ time Jraffi E [ iRtain : : .
Lo Ry TRb e atr i Tty LT O e R CHL doention. there is
provodedam ponsspppur{ ABheothpoisghput forneamiteal tondidMRI xdrafficsmit a first

and may be more efficient for real time (RT) traffic th uired by |IEEE
beacgiiah s DR RLSTVANAIAG T SO H RO RO e RECAdrgterval that

is shBFESEMInYEO iR Ray-climinate a hidden node problem. The
embodiments may provide higher performance for NRT services, better

[oocigPility anda BIghRLAUMPELET YPEISRT AGRRIIMAUGRPHEENRD 2 method and

required by IEEE 802.11.e on enhanced distributed channel access
sysi¢EDOR o iNRIMgeAgieess, suich msdilfile trasTeplerd csFTE)ipatipsbsystem. A
MA?%W%’&%&(}F@%?JHH?% NEYe" T efﬁ@?%iﬁ@’ Rfﬂéc%g&dﬁfgfrﬁre and its
02171 e unfairness towards access point (AP) transmissions.
[EEE 82 dibeeenscok ihespie sent idedmtidenysy foravide highsn performasoeicture may

be d%’gy\;%g SR MG IS 98 ANt RINY, Al O SeRACe (R R RS Aeast one
scheduled resource allocation (SRA), at least one management SRA (MSRA) and a
contention period. An extended beacon (EB) including information about the SRA and

MSRA may be transmitted for. The
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consumption, higher MAC efficiency and throughput for all RT
applications, lower delay jitter compared to IEEE 802.11 e EDCA, higher
MAC efficiency for voice over Internet protocol (VolP) applications with
similar delay jitter compared to IEEE 802.11 e hybrid coordination
MA%ﬁnction (HCF) controlled channel access (HCCA). [0011] Embodjments of

BSPHEPTVAROFE NS SHARTE Y 4R SRR RARK Egher throughput

for RO2-AehMieaniits) BEEB0AHA LA /XSO aVRIhASoWItLIERR: (RT) traffic
802.11 k. [0012] Embodiments of the present invention m?‘y support

thanefichdnt Physidal YY) Bartaisingroddhosvawnlibidik-addgormbodiments may
. ISsi le she tineinr i , j ) .
1edu¥1§§r§rﬁhﬂa§}%§$§% ?gtjﬁsfeaﬁo deter inéné(%di %ﬂ@%ﬁ%@%@g{t}gﬂh@%gal time
(NR@) cafinelardiprogitycomifmecssany, feceptbtivkctmngradtatethan required by
j ion 1).which ma used to. Qpfimize transmitter operation,
IEE?&%@ %f‘ﬁj&%il automa |g r%%le%cfl}l qat?le%;i)!l&RQ), and enhanced
[000ffEquencEhdppinge(aptiohahe [POAIrE nibochimentsefithe ipnésest a hidden node

invention may incorporate a flexible design which support.di t types ]
prob{gs A EEA TR NG OB FETTECR (AR MEdpler ces. better
stabiOitipEh (MIMhane fafer & L iresrs asrectinpHEEG edipadeshnigt@sred by IEEE

orthogonal -2 frequ_en(;% division muItipIq access (OFDMA) operation, and

802 hoth SoMLhd eV L h IRBINDuRHSEE (HrH SFA fchERdasfg vices, such as a
file GHURSI&APBIOKBICIFTRY Be ¥ISBESRIE A AR Qﬁﬂﬂ‘é&iqtitéﬂfc{?de&%ﬁﬁ?é%ents, and

[0014] Embodiments of the present invention provide enhance

may sesrad-PreHairE R Vg dhs an Giidess ipdardnaeensdianbhd aagsmissions.
[OOI[ﬁg‘pport OEEEI%%%ERE%@g & %n%%wgﬁtﬁ{ﬁag%}{%%%?dgnmﬂg%t&sperfmmance

015] BRIEF DESCRIPTI THE DRAWIN
for Bdtaslenyndevdtdiod mpriitoeimyemtiditynay tservack flddo Be risllowih TA power

con I SR TR SR BP ST R By v
delaFigure tasmpitodkoliHgERTEOR NACEINXD e dilrhdn Rbeorddficenith fhevoice over
Internet protocol (VolP) applications with similar delay jitter compared to IEEE
802.11e hybrid coordination function (HCF) controlled channel access (HCCA).

[0011] Embodiments of the present invention may provide backward
compatibility with IEEE 802.11 MAC and its IEEE 802.11e extensions, as well as
with TEEE 802.11k.

[0012] Embodiments of the present invention may support efficient physical
(PHY) operation through orderly back-and-forth transmissions that enable the timely
reception of channel quality information (CQIl) 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] Embodiments of the present invention may incorporate a flexible design
which support different types of PHY interfaces including, but not limited to, multiple
input multiple output (MIMO) and forward error correction (FEC) coding techniques,

orthogonal



present invention; [0018] Figure 2 is a block diagram of a superframe
structure with legacy operation in accordance with the present invention;
[0019] Figure 3 is a block diagram of a superframe structure without
legacy operation in accordance with the present invention; [0020] Figure
4 is a block diagram illustrating a flexible superframe structure in

frequerfSCEIVRISE WihRgRIESRAL ﬁﬁg\? ' %i u?r]ggis di
eqne iIIustratingﬁ;%itl%{eid%%%a opeggjtlon Iin é%%i% & ,5’8%539 gng 9%%& 40MHz
high thirteghkriagHim s examplassameexsaaRIavERIUBNSEB Wik &M ble o other

.wjthout ACK, respectively, in accordance with the present invention;
bandwugg&g]l

G0 is a diagram of beacon and EB transmission in
[0014] aCCOr‘ﬂﬁﬁBSdﬁiﬁ@nﬁ‘%Mﬁé@%é@ﬂ@ﬁ%@l@?@ﬁ@g%‘g?a!t?c@(f) Qek gia er:gxm direct

of an IE for frequency hopping in accordance with the preserit invention;

transfer [ of 2bjtrigaren the acstiek efagramiaadesoppoe akdcelion opeatistn(RAR)tend

service SRANELRAELO %8‘ : ith the present invention; -3 WO 2006/020520
PCT. 8820%%/% 7 %%*0026] Figure 11 is a block diagram of a frame body

of the RAIL frame in accordance with the present invention; [0027] Figure

0015 12 = ek SRR SR O OO reen

[0016] respodserteamdatadecoruustanting pfedentirmention; 082 Herlpdefrom the
otowsf SR A S U U o o
understsiodK liegnmm ofiergenthale aragemeny i driow hog wi@peinwith the

10017 B e L o AN L R0 0 R KRR 2L B 2B dR Rt it the
present invention;

[0018] Figure 2 is a block diagram of a superframe structure with legacy
operation in accordance with the present invention;

[0019] Figure 3 is a block diagram of a superframe structure without legacy
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;

[06023] 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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accordance with the present invention; [0032] Figure 17 is a block
diagram of an OFDM MIMO Parameter Set element’ in accordance with
WO théspresent invention; [0033] Figure 18 is a block diagram oPai@GRWexes®s6 |
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)+Fi [ I ja a edule el nt i .
0026) 2 cordus i s By AR AR DB R AR frame in
accordatisgratintian BReBlonkviEinoagcordance with the present invention;

o0z 0TI 4 5. MR AR o PR USRAHEANS SEetl e i

presentliageartiehpn MSRA Block element in accordance with the present
inventign; [0039] Figure 24 is a block djagram of an A Schedule .
(00281 gleme HFAER ohdS 5 O YASTREB A FRSRIBHE BORET HgLFe oS frame in

accordgtﬁ@@lﬁﬁ'@gfﬁ@lﬁfe@@m £RAnBieeK IE in accordance with the -4 WO
2006/020520 PCT/US2005/027956 present invention; [0041] Figure 26 is

[0029] 5 plocK sgratt df h gk Shnsinpanda Eramebormsédhrinesparce allocation
responsd§EERN ISR IR IR LA S BRIGRE QiagiaM of a Resource

Allocation Notification IE in accordance with the present invention; [0043]
[0030] FigureFiguga Bbciediaghdesiof diagrsarafiestgesmralionsinagatiomt frame in

44] .Ei i i .of simulati Its for th hput
accorde[ggeﬂl%ﬁg%%é%%ﬁsﬁ i 315%18 f,simulation results for throughpu

comparison; Igure 30 Isa diagram of simulation results for .
[0031] averadigieteyt §0646hFeiduts Birisrecfiadramebsiyuifitioe mesuitgdnrent frame in

accorddhea %%%Ig%%}/&%sggg E'z%%gg@igg} arate for eight (8) users;
[0032] Figure 17 is a block diagram of an OFDM MIMO Parameter Set element

in accordance with the present invention;

{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
A



[0047] Figure 32 is a diagram of simulation results for average system
throughput vs. application data rate for eight (8) users; [0048] Figure 33 is
+ WO 3lgfgRedidigram of direct link protocol (DLP) signaling in aceorniasg@suitiose
the present invention; [0049] Figure 34 is a block diagram illustrating
message exchange for DLP setup in accordance with the present
present¥SAIQE,40050] Figure 35 is a diagram showing slotted Aloha operation
with collective ACK in MRAP in accordance with the present invention;
[0041] [0051]Higure 26 is a ditapawisbowing St & ARobpesifecatiom ihin accordance
with t [ g%:ﬂ i@&Ktiﬂ)II}/JRAP in accordance with the present invention; and
h[éonég igure 5718 flow diagram of a process for SRA assignment in
[0042] accorddimeranithithe pteckmtiippentiarf. {R&S)DET All&RIREITRIATAGMN IE in

accordaib TH% PREFERRED,EMBQDIMENTS [0054] Hereatfter, the
F8fhi g‘g RTINS BOPs not limited to a user equipment, a

[0043] wirele$ ffanspatikeaaiVecknii AMERIOS 8 Bypd Armebiesideacdst YAkuB tion;

pager, or any other type of device capable of operating in a wireless

10044] o yiroRneane AN F%\%&?@éﬁ&ﬁﬁif@%@%é“%éﬂ%&éé@%@hﬁé\b@l@%lparism;

[0045] butis maLlitad i@ 2 BRSe SRlPR; ; ' t her
: type of ir%gff%cing devicein a ﬁlrefggggﬁﬁg%%%gggég}%géwﬂ’

[0046] pcT/USznes /7 ds62 ciivierament sensdationheasultindloggvsmge delay vs.

annlic 5?%&%&?1%-{@{89%@ e8I ort IEEE 802.1In and the terminology
PP a"legacy STA" refers I%HaegéliA %%%ﬁgured,to support IEEE 802.11 or IEEE

[0047] 802.1 18 gan553Hdreinafiiagriowing tenmidekigy wildtdtesdarinaherage system
throug%%%%%stog\éeTféogiog%a%%g%e?p% %1P %%BS% compliant with the proposed

n stan orinter g%a%Ty;IEEE 802.11n STA,
[0048] high tHfogaiwG8(HTa STtk dieapamnyfSlirechiink eeototan(BIUPIhEgnaling in

ropos EE 802.11n standard. Legacy AP means any AP that is
accord%bﬁgﬁé b ﬁﬂ?@%‘%ﬁ?ﬁ?‘&gﬁdams predating the IEEE 802.11n

[0049] standarigansi3heseitpdoemppisiniatriieny onasetkEh802dBr DLP setup
) S andard._Leg?E}a}cy STA includes any STA that is complaint with IEEE
in accoxg%ag;

£9 B PpreaRtingRRtion: |
[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 fo a base

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



proposed IEEE 802.11n standard and therefore does-not support the
proposed IEEE 802.11n standard. [0056] Hereafter, the present invention
WO gifldteedescribed in context with an IEEE 802.11n environmerigddeyienerose
it should be noted that the present invention is applicable to any other
wireless communication environments. [0057] The MAC in accordance

. ith the.present inyention builds upqa.the existing |IE 02.11 MA
eIlVIZ‘OHg'}C Al éi[f%:rléegr& ffgé é%%%@ix?ﬁ%iolﬁes ‘?6%‘%6%55 ‘Ag @%nﬁ gure% to support
IEEE 808ridmande Herteetioide yyhitdeneh BRAC FEH02 64 S TomphdihiRdtsupport
. T tem in_accordance with the present invention reduces
iEEE 8§éﬁ§n"5§w gﬁsgi‘ﬁption, supports higher throughput for NRT traffic
[0055] and ispieew eificieTo fraid g tiafiisitapgE R B ddeiwhiln e RIANG vention.

full compatibility, supporting both legacy and high throue%Bput STA at the
AP means qoyAd’ HivatirecmpiivahieitipFboideenmacs Hidthidiard bngtandard. STA,

(or inte%ﬁﬁ%%%%ﬁﬁf!EEE@QZ@MEHiSfF&f}B%YF{?ﬁJ&&Eﬁbm?Wﬁmf BR%RCny STA

optimized under the current IEEE 802.11 WLAN service requirements and

that is coapRlianérv Bdeiheiprapssah RS i8] nsbradans adimgsey AP means any AP

. ' ¢ i T i intaining full b
s s RSP TBMNBIARADOR LIRSS g andan
and thdeferechdd mecsosparitthe grtipnstdeiBEBD&OAd isedtiordaiE SDaghty STA.
. and |E 02.11e access. Both RT.a T services are proyided tq
included s T aE R R0t H0L80 BT 3000 7oks Bttips the
proposqueliCEB {802 . 3upestiaderdsingl dilereiordtedsoiNRipppar elie hisposed IREE

typifieqd by unpredictable and widely varying data rates with no formal
802‘111}a%?11&8%%uirements. [0059] Downlink (AP3STA) data transfers are done

[0056] at the Hiscsafien, ehtheroepioHoentbis Y haenRaiyLDi ROLRSSSSHN I IEEE
be implemented in the AP. No contention can happen during this time,

802. Linyerorrestirigacydpwaver At shawvheagelnshthnb thedpeesephdistention is
coicals BRSBTS RS AR ST D,
[0057] negotikheal Mebledn wreorsdiancantishntbe aysienet! toveptiondphysicapon the
eﬁstiné%ﬁ@?g@ﬁﬁmérhergﬁ?%@msﬂﬁc{ I%i qﬁﬁﬁ%@f ﬁgléo e%pselons to provide
higher performance for networks which include IEEE 802.11n compliant AP and STAs.
The system in accordance with the present invention reduces station battery
consumption, supports higher throughput for NRT traffic and is more efficient for RT
traffic than IEEE 802.11e while maintaining full compatibility, supporting both 1eéacy
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 sexl'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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use of sophisticated scheduling algorithms which may take into account
buffer occupancy as well as channel conditions to further enhance

WO gstenmpmrformance. This operation takes place during Schegiiechaos/o27956
Resource Allocation (SRA) periods in the superframe. [0060] Uplink
(STA-*AP) data transfers are accomplished via a slotted Aloha bandwidth

request, rtly after followed by a onse indjcating ission to . )
30211 FAEER SRR e R SR iy eified
by unpredikbiblarantboutisly rangmistddin thecrewethend etion dftsrsingiay@irements.
multiple packets, ing on conditions and as has been_ negotiated
100591 petwe @Hﬁ%é@ﬁ%ﬁ@@@a SFTEIRF B % SR gbebiegighon of the
controllddSRRIWRIe Dok San $iers & @ PeHecmned diige athpRiMEd$RIBOUP. No

short packets in a slotted Aloha mode increases throughput and stabilit
contentignitapa ReBRRETIIAHERS thBiRidHSenogitbrIbIE™s rErRswrenofiT STA.

Acknow’%é@ﬂe@tsﬁﬁﬁefg@muﬁ&%@%%wt%ﬁ%ﬁiﬁ?@Qn the reverse

.. downlink, the mechanism is flexible enough to allow the use o
directiogoghpliodie PEchdduingRlgafitimsinghiclomaywiiiplatpackeimt deffending on
" las ¢ el conditions to fyrther enhance system .

dit
e e R ] e T e B nplited 00
optimizgeghysioaddrajeseenfoRTaperdfthe)nedyatisnhacflelitrigashatitilistirallow the

00Gl] RT ratipn §s typified by predictable data rates..The resources
use of o R A e PR o P R EF R buffer

occuparyyseyeral ltused peidupeidiaiog s As furtisel ciieapril RgiveineatbiSnance. This
.reduced, byt more importantly. - 2006/02Q520 PCT/US200Q5/027956
operatiegy kakss Rlgg %&%ﬂ@i@éﬁ%mﬁﬁ%@mé%& PediRc I the
superfriiged TA power consumption requirements. As in the case of NRT
services, acknowleq\gement and feedback packets are regularly

[00601 {ransniipdipk (B AsvdtEa dnbatidansiersmrieaseommliphedaticets slatted Aloha
bandwif®h B¢ pited doroptitpize @&Y&%@é&'qgf%p?é RACE e {8 N Bdrmission to

scheduling can consider both traffic and channel conditions. [0062] The

transmialate e fovdraidppnditonssn weirrdairrrasanddeedback nhckets are
regul e B O L e RIS packets,
dependihgiog cmighitions and as has been negotiated between the nodes. The requests
are sent during a management SRA (MSRA) while data transfers are performed during
an SRA. The usage 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
.



scanning for BSS transition. Third, the EB extends the range of the STA.
[0063] The EB can be transmitted at a low rate or high rate. At the low
woraies/othe2iB has applications in extending range. At high ratgsythe,5R /627056 .
has applications in decreasing beacon overhead. The EB is applicable to
several scenarios including IEEE 802.11n and non-IEEE 802.11n,
10/20/40, MH d dual 20 MHz operation (IEEE 802.11n). [0064] The EB
STAs 25, reaigei Sehig B R LA PP AR AR 'GP RGeS the STA

power EdaERA RN FophdResSIARGH dHReacQNe AR TR ERSA! 4 Pknowledgement
variable length. [0065] Figure 1 is a block diagram of a MAC architecture

and feadppginRackebaane mwevkksanribisgin foe rerergodirretion after single or
multipfégadanse Mthdhe Béeeiﬂﬂbi'ﬂt\éﬁ%q{?ﬂ_lﬁ?z %ﬁ%iiﬁg&?}éﬁ%rmance. As for

includes a resource coordination function (RFC) 105 anda distributed

NRT sebeduitiagoraiunetsisden ey i ffhartehaomelapinditidges point

coordinaf] | P .enhanced disty el ACCeSS; -
o0szicoo TN R AN AR i
the ERcaHewHEGr125viag RAemmanafdiAentaharftetaecess TRMEA)dl 38arch for

. ,.and RCF,sche d.channel acgess. (RSCA) 135. The RMCA.130 and .
neigh R - S deH B Ak B e P pgepeighbor
scanniapdshBEE CriiQisienprayent\ithet KH-cai e EHeMaagens the STA.

compayjpility, [0066] The RCF 105 is usable only in IEEE 802.11n
10063] oo AR 456 b SRS TRISF A JP SoriER TSR AR (A s dofy rate,

the EBHASpIRAE6: o Rided@ig R g8 WOIERERELY48e EB has applications
PCT/US2005/027956 RCF 105 uses functions from the DCF 110 an

in decrsaiagrhanmmyouerirHs d Brothisapplineble txerukr! scapaniassingluding
IEEE 8698193Nsig] %\QHIIEE‘E'w‘t}.@ﬁ,s16%@@Waﬁﬁﬁﬁl%gcﬁﬁﬁf@eration

supported by the RCF 105 for management and scheduling functio
(IEEE 8¢, IRRICA 130 is provided by the RCF 105 for small packet transfers

00542, R B S P SRR TSR RIS o o
all theRMomBE3Dis elseeiisall Femdividturddurastsifor Abwjdbs: iBehandlldferariable
}engthg,upported by the RSCA 135.
[0065] Figure 1is a block diagram of a MAC architecture 100 which expands the
architecture adopted for IEEE 802.11¢ in accordance with the present invention. The
MAC architecture 100 includes a resource coordination function (RFC) 105 and a
distributed coordination function (DCF) 110. The RCF 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 (Q0S). All IEEE 802.11n STAs implement the RCF 105. The
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[0067] The superframe structure used when the RCF 130 is in operation is
described hereinafter. Figure 2 is a block diagram of a superframe
WOstpOeK s 200 with legacy operation in accordance with the presganrkeos/o27956
invention. A superframe 205 comprises a legacy beacon 210, a legacy
contention free period (CFP) 215 and a legacy contention period (CP)

RO 103235 ANEER A0 Peront225:45 Helies e SR 215, THE EER v a ot

2.11n perio o contains contention as well as sc
of frameagrrhissigmsdgnéBEE B022im SAAsfeTheviEPo? ¥ st ddfat Tégaeyare two

STAs will not access, t hannel S lled by the AP. When an RGF .
mecess S RO Ao el G (5, " CRBSFRCGFS GRLpggeduling
functioate §RineraRid OASERDGB phevided by sHERTHEWB foPIABIdpdciieEransfers and

02.11n STAs. [0068] The IEEE 8 n STAB are supparted in a period
Sched‘*ﬁ%ﬁﬁ%‘ae%#@%ﬁé%@m %Wz%@éi@%@agwﬁﬁ f%ﬁ%%@fﬁﬁéf?e data
transfe@l ISEREBEARIIE§ES84pPors TAT AhecRESMIRE tRIpamienshers theughor all

it may not be the preferred mode of operation. The IEEE 802.11n period

bandwisih seapsts ERssUCHERR BBk Uk dbeaivpaasind (SRt BREA 135,
[0067] Management, sRASINSRASL IR Yﬂéﬂb%}%{?fﬂl@”ﬁéﬁﬁ%@g%tﬂgg}aﬁom is

_When Iegac%/ operation is not enabled, the superframe structure 200 does
describgg: heratnsfter bEigere 21 B ald @k dizqrooed Assineplzamecttraciure 200 with
legacy 3{?%%{81139{)%\6’&?&%% Wik ﬁé}%&&&%‘%ﬁx@%ﬁﬁ%%%ﬁ&%ﬂ% 08 Whnprises

in Figure 3 when legacy operatiort is disabled. The Supertrame ~structure -

a legacgt@ i imi2perabrgasitbenpbytionl il YaradiCGINE)Lidpantd allégpes afntention
. rs, | ere the P ayey allows.allgcati righle
period {0 L R e R B AR e IEEE
802.11figeréod 225on2aNG/ Q30520 Td k) S2005¢ 0Ltk | FIDFEANEe  &fogsifsr IEEE
conirql of the wi s medium for the CFP 21 inclyding a contention
802.115 Hide éﬁﬁrﬁfﬁ?’sﬁ SRAET e BEath S A e ﬁm&,%xﬁﬁﬁn&%@aﬂmi
unless HslledetyeHe APCaTPR N G RE NI 0B La (G AU Remaigipg salle(BSS), a

in the CFgﬁgﬂameter set element, which indicates how much longer the
CFP 2 ¥rangie &3t F0 15 eraneaterbate on thearpits sipprrtdggagy STAs and
IEEE $9PAs1 A ker@§P 215 generated by the AP always ends with a CF-End

frame. The IEEE 802.11n period may be established
[0068] The IEEE 802.11n STAs are supported in a period defined 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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anywhere in the CFP 215 by the AP. [0071] The legacy beacon 210 is
transmitted in the 20MHz channel so that all STAs including IEEE
wo0a0i/41058HTAs can receive it. It contains all of the legacy infpgmpatian@Rgd ose .
is modified to include the information about the EB in the IEEE 802.11n
period. The periodicity, frequency band, and subchannel information about

the EBs explicitly included in.the beacpn. The EB includes j ionon. .
100701 e o TREAT. GRFAR SRS AL e O S AP KRR BALR Y Hicluding
a contef@IBA IR (1) phedadien ottHR a)sE ihibfe BatierniR inesk NTha UNESTAs set

IEEE Oﬁ%#?l beacon. [0072] The EB may be transmitted at a higher data

their neROH AR TN N AR PR o LA WA e 1n the CF
paraméeUSERNERRihE BihisHmmadialalyHolr Mgt R RRACoRe PP will last. This

subsequent occurrences of the EB are based on the periodicity of the EB.

preventpgonieR i dnsbaelol i2Eady shedsaacy Sfibs: (e SiFRtPmsnseated by the
AP alwBIESERELRGHNS EB- AR AGHAS ’f\ﬁé)gfg%;% 2 éjfﬂxt:p S iB%stablished

presence of legacy operation, a super Ined as a period
anywheyerie shad B Gdy bresbherfsP Otherwise, it is a period between two EBs.

Theregan be one pr more£Bs in a superframe inpre, of a legac
001 o e AL A TR0 Db P L4 e S Bl that 1l
STAs incthdyngdBREGl2ittan 8MAe cBfisyetbivierigiiiofdoBtisinarialilef the legacy
. 074] The.STAB,can access.the wireless,medium in an effigient \way
inform Gt BhlSa BBy S B RO Br B0 s Efcln the TERE
802.114Rietis (i ThdViRPida] cithh dlegsientiittai e oaadosiocha B Lifderthfion about
RCF 10?ir iis n SRA. Each SRA is defined by a starting time and duration.

the EBnis emplicitiysinrindshinsts fparorcH BosER anelngss dptormation on the
locatioRerPerdiRRIsRR i Ases SNeRSSRATEN SRINE AR IPay PASEORIRWeriods, in

an STA making a request under the RMCA 130. The transmissions do not

additiory tp\ilry 2@@@@@5@@?@@3@2_@3@%@%@ exreentodiBHEH2. 3 hgaeen.
] ey S B B A pBeon. When
legacy openatioménessiedksthaifitsy thereR 06 tha E-BEngtediatgyrfollowing the
bcon AL BN S R SRR o
[0073] resporisetlendleathmng@egacy operation, legacy beacon need not be present, and
the EB operates as an only beacon in the system. In the presence of legacy operation, a
superframe is defined 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. JEEE 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.

10074} 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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of management information. Each MSRA has a starting time and duration.
Transmissions shall not extend beyond the duration of an MSRA. The

WO RIO$03AIP ensure that sufficient MSRASs are allocated in ea®id TABEN05/027956
802.11n period. STAs compete for the wireless medium during MSRAs.
[0076] ORAs are the resources that are available after all the SRAs and

extend M?ﬁﬁﬁtﬁ@&%&&hﬁBﬂ%@%ﬁd‘ﬂi tBURGIIEAME HheANAIRQALRSRACAUSEmed to

an SRA has not'been fully utilized. It is different from SRAs as SRAs are
an STAapecetbanSEyiven seipatedantiuf wirgiess medidirasources are

contrq!fgjﬁgjyt P. n be uys the. AP. far. W plin

[0075] transm|SS|onsoﬁl‘%ﬁéalérg eéls}eg}r%w{d c%‘%o?%aﬁ%;%g pc)icr%\%i e su%%ﬁer%%r%g? JEEE

802.11rS5rexdbdFenistentica RMAINE MBS Raffiars emeddiRAn andeenent functions
assigned to a 00771 The RMCA mec

such as SRR LI LA TGO 67 HERAGB TSI CRCRG IR e exchange

of mand@2:rhbperddinAetN0 BERdMSRISRIDr Hata pasketexehanges and duration.
r_equest/;%servation for scheduled transmissions. [0078] The chanpnel

Transmissions siaadid GRiere MeyRd fhsdd Wi ey He bt tHAtgsRCF shall
ensure QREALONGLIARE MERAOURECIIBBBMCA RaTETSHNGDS ERy Thefsd. STAs

parameters include information about the MSRAs such as location,
competeyfpnthe, Witel aseaaedHuardmang MeBwonally type. The type could

[0076] g i;fere@ﬁa&g hetwaenMSRASs useddrs 25500ipied ARd M-a5SQHAEAnd MSRAs

As. Preferably, a slotted Aloha contention based access mechanism is -

have begverilncated SR Ah¢ionparrame VT Al socttianiberay seefinSBHhEa®t been
Al ot j e IS impl

fully uefitfed. £ 3 SR SONISHAL A CIPNS SRl LB braHIE streams

of an STdsoditeskarasomassosiatedSTalscdnbyAheoARCcHarge hwessaddsyitlae AP for

. contention.mqde. The data exc is typically small data packets, -11 i
downligg BB TS S BTSSR0l DT R S S SRS AhaCafy 10 provide
suppleneauestSIoAschetllifd tinnaRkesip i dassddirtien/rasiocilianr@RAstcan be

) he data transmitted by associated STAs are typically Resource
assigne Ift‘?c%tﬂ}'ﬁ‘ﬁ?eag] Ahmes in order to request assignment of SRAs in the

[0077] |EEE 802 1RVREA O LRGSR IaRwmiHedbyagwer tRassaeRied RibARim for
managgnrn%nt functions within IEEE 802.11n period by setting up MSRAs for data
packet exchanges and request/reservation for scheduled transmissions.

[06078] The channel access procedure under RMCA depends on the type of MSRA
that is operational. 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 fdr 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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typically Association/Reassociation Request frames in order to request
association with APs. In addition, small packets may optionally be
WO gwp829E28d by STAs subject to a certain limit in the size of theipesiebiolioss .
The MSRA is identified for at least one of data packet and control packet
transmission. [0080] Figure 5 shows a slotted Aloha mechanism 500 for
n MSRA 505, In thg slotted Aloha mechanigm 500, ST cess the
\%Ire|e§§§%e ium WI% i %%ata %‘(}:‘ﬁsﬁs Th?eque e%%s Qe(?%m |§ aml sions,

associafidn/tiesesiciathdn ebgueseégudlte tﬂetdataapamﬁteﬁlrhyoasamiated STAs are

SmISSIO are allowed only at the beginning, of the slots. [0081] An .
typica R AL RS e oA AEF AL IO S BN of SEAs in
the IEEEmerlazmpéﬁaiaed‘mee@@ta&Mn%ﬁﬁﬁsﬁewrﬂ@w‘tesi eues¥setated STAs are

pending pac aé is transmitted when the back off counter becomes zero.

typicallypsspriptindBeassoratioedicquestimmesinstpuR beanritmssaratien with
APs. InfiQmigiSANSHHANIAREY L6 )o i the Tk b QE LRI ISE Wy SS5EA L0 bject to a

minimum. The size of the CW grows with the number of retransmission

certain jgaih pasthatsitecfdhesrackeipFieSiRa istidantified foe dhleagtorse of data
packet g@@/c%ﬁtﬁ) g&g}%%g&ﬁp&ﬂﬂpnty of the traffic. For example the

smaller the ‘access delay specification of the traffic the slower the growth
[0080] of the Eigudnebiing atsbred Bdobd orethaatoes3iitlay spddfiBAicns. In the

slotte d‘ﬁﬂ a Jiowb tter man %mg of %%ggss %elal‘\yﬁm asslotteﬁiﬁAloha f?ce % + data
- un er h|g s ua |orfs een g K % ransmi

packetscd]‘le@mfiamm&rmns Bisﬁdwdillntmstanelhdouyélﬁscbsm fenadl to the data
that co tended in the MSRA 505. The colle esponse fr
packet dyEaTiahy 0t B RAEESIOEA R AR ALY SLLDE SR ARERE (it slots.
[0081] SUCCeﬁS{ldthﬁBﬁﬁiﬁ%Mﬁ@é&kﬁﬁ@sﬁﬂ@@@ﬂ@}ﬂéﬁiﬁiﬁ%@a&ﬁﬁﬂows Aback off
assomatlon/reéssoma ion responses for unassociated STAs that

counterds aintaipeh At FreB ORI AR IseLes 667 sLRfudsrending packet is

transmRldSwineh W%&&W@M&%&%@WH@%&@@B@%%&Q {88hosen as
back off counter. The backoff counter is decremented onIy durin g MSRA

a unifopahpdistribuird panémpospiablsTitgspacmmiErdien (oRdpwHE Mok the first
attempfn?ﬁgm%%%q @H%"ﬁfﬂ%ﬁﬁﬁ %tﬁﬁkgf B W%i@\‘%%ﬂﬂ YR umber of

factors regarding the service requirements, buffer occupancy and channel
retranspoisditionstté et ohtit $Tasdhes hasuppeedisditedbhecade at which the CW

grows may optionally depend on the priority of the traffic. For example the smaller the

such

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 retiansmit their packets using the back off counter. The
backoff counter is decremented only during MSRA periods. |
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[0083] If a CSMA/CA scheme is used for MSRAs, each successful
transmission from an STA is individually acknowledged with an ACK
« WORM4BHE4rom the A.P. This is inefficient when compared toPtiEsiiwstigss
response in the case of the slotted Aloha mechanism 500 described
above. [0084] The RSCA 135 uses a resource coordinator (RC) that
[0082] Provides QoRee MEe:, SHRRY" RSEheqtese 1880y egalincalion: Erati
.I RC operates under r%fes %%‘?@r%ﬁergﬁgﬁom thj(:e%gg?ﬁt f%%rg]ﬁr%ggr}l(%@ ration
multiplarigeherhyegd chioglitatortie BREISRAS sy duisignedipBitisatnd channel
... serve-all typ ft{ﬂ(f'c .0.-NRT and RT), The RC can serve traffic with
conditi G CANURAL ST AB B nBRe Bl sRBRHS e recunring un
[0083] the trdifsrSMAJIE tevelioated by tod CrighSINg S EACIDHGBERAS tietmission

uasi-static in pnature), are suitaple for RT perjodic traffic, However, o
from s A4S 10 BB AR A FNTE AR GRAL AR CREFRRER JERIB P i This s
ineffici@upeiaine iapavparfathe aplaRaRNIRG MIRE TR SHREHPINESBtted Aloha
transmit a data burst. These types of SRAs, (that are dynamic in nature),

mecham E@%%ﬁff'&@“é’f\?@ﬁﬁ? type of traffic and are allocated per data burst.
[0084] This meghrRisA alewsibe %JB?&%W%WF&% o glclies QoS service

assignments to optimize the utilization of resources.
Supporta@wﬂﬁh@hndm%ﬁm%nge mdnadirignnd hesponeparatessrdeniltlss that are

differerih % SHALRIRMISS! t'ﬁl;é%%m IO

Here assi%nmen Ofé‘%@%\ﬁ%@%ﬁ?ﬁ#@ %\?E%e%%ur es not %ﬁ%ﬁ%ﬁﬁ@As or

[0085) MSRASRde araragignieyd thSRa s GRAe ORApdmvitnadfiy, dppliddRihsnd RT).
nd allow the RC ta efficiently, utilize reso s that are not scheduled

The R B e PR A e S AR i e wouaa e

recurriddSRAH whiletrprosngiing oS tefomhadtndibyhehBesitiicetAllp GTAN Such SRAS,
equest Specification information el ), diregted to the, RC. STAs

(that arg %%ﬁﬁﬁi@%?@%?m%&#&m&éﬁ%&wﬁi&% aifdereegEathe RC

can alsancbaieo PRIGEAVHNSRABMEAL 1008 chhneR Erdpiba elivannasngdpePame to
assignment are scheduled during the -13 WO 2006/020520

superfrppe b SBBIIUTGHEN X EHYE SYRPFES Sobianssbg data burst. These

types of SRILEMEMS af & affie nERGrRN, BAYPIGESdNS RRREGIR S Qe traffic
assigned SRAs in the EB. An STA may inifiate

and are allocated per data burst. This mechanism allows the RC the flexibility to

rearrange SRA assignments to optimize the utilization of resources. The RC shall
account for all transmissions, including the response frames that will be part of the
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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multiple frame exchange sequences during an SRA of sufficient duration
to perform more than one such sequence. SRA assignments may be
WO pes¢gr@nothe RC's BSS-wide knowledge of pending traffic hetongingnim279s6 .
users with different traffic characteristics and is subject to the
BSS-specific QoS policies. [0088] The SRA assignment and modification

1ErE BYENER (R e SRR deraton o SEAS B ke Tho AP

exchange’of data between two or more sUpport one
announcendieecpanetiahessdfpe tidin g sshondd Sibhticatiohs ERipAerSTANmay initiate

. SRA assignment to an STA for g cqannectiq serve jiven type qof traffic
multine (ot R TIEe SRR RSEeTER /0 S Ph I e firrton @ perform
more thesigvemichayditeribedi§BhassEeahiiRch 6y Hngine ietivdealthe RC's BSS-wide

ion. Creation, modifications, and terminations of SRAs hetween

t
knowlggdge oh pemding i cchpiRReEAnE Y MEqHE s dbdarerh traflisighpiaggeristics
and isﬂﬁ%@%@%gg@ébﬁi@w&g&ﬂ&qaﬂon Request and Resource
n

Allocation Response messages. Once an SRA is assigned with an index,

[0088lihe SRERScasHanent aadmedificing involvesiheierastionamedification,
e > o
and telihAnLAR R ASeRY ﬁl%%sf%ﬁ_xﬁ%% gD S5l fr?%sgi‘%:ﬁ)}% BRAP An STA

for an SRA assignment. [008 access delay for a an be

may syppoateddirinsue capagritoiy frpendosg ipmshes @it fioveds ssipports. An

nted thete is.a ranteed access to the wireless .medium/chann .
SR e B S ot SR s PSR g imvotves
creatid@il 6f SRNAsHRediemeesvdiooatosr Resie stipcifeakciorBheesssignment may be
. ~cannection,with target STAS MSRA, and sets the destination. ]
mmodifi] 18 CEq G (AR eA HIRATAELOL CORBREARES hERRig's Meigations, and
termindile e FNWsUBasaigne draiatus, MHR IOTA S HRgugrviddedat e negotiations
duration of the,neglﬁ%i‘ation, RAR Type to quasi-static assi%nment, or

betwees {hfRrignghnem L Anandithhétpusine e ReapprepreiocpisasRequest and

Resoul@0A J2Ri6R REsS5RIE 8418 RaS Whed AHOSRIOHRINANIGHIAER index, the
from the originating STA shall respond with a Resource Allocation

SRA WS%M@%EE@W%iMWSﬁTA shahisresspriping RitboarcAl shall

send o/ TIRK IR AGtdoa TS G806 13 VU@ ARORID %9%%%sas§iegr1\nﬁtgent.

PCT/US2005/027956 all dther parameters to appropriate va e
[0089]Duratidhlpea®epedelae famdn SRA can be managed by including a priority for

access in MSRAs. Once access is granted there is a guaranteed access to the wireless
medium/channel with the required QoS.

[0090] For the creation 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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Service Interval determine the duration of a quasi-static SRA assignment
and its frequency with respect to the superframe in a recurring fashion.
wswngiogoExaration per Superframe, Service Interval, and Maxpauyg Sen¥6er9s6
duration determine the duration of a dynamic SRA assignment, its
frequency with respect to the Superframe, and service duration for the

ur 21 The AP may, then,update,the .EB with the newl
all otﬂ%&"?l ﬁg@gg%rﬁ% LpDr1 te values. %?I'E&e ﬂaut'ﬁ 190, géaly Superframe and

assl announce In the an e urce
ServigdldeetiovaR depensinedleetively tivindiidupliy)ithentie SRA of#lcSRARt and its

It shall also announce, the creatjon of connections for,the, desfjnation .
frequis R B GATIHE H R ST BT R EEAE PRSP Evisd Byrration per

SupeskadiagSeRes0 e rfdDcali@MRLIUesSh MesSEHA R A8 Pmine the duration
esourc x field set to the assigned value and all other fields

e ggg ) | !
of a dypamua Sihe sFeEnmRRtadBetrsienriieit iapspentiiy the Superframe, and

servicBQRilisaRNTERARHRELAKIgI UL using an MSRA. Secondly the Resource
Allocation Request message may be piggybacked on data within an SRA.

[0092the ddiectBanambhensppdaterthas BB pigly the marwdn assighed SRAiRThe AP shall
f J K etheod would_.
B A o B i fvicuay)
the crgataoasefomd SBRA. iayghel hetlrvedysmedihg afeesturcsf ddimoatidons for the
destthF Le essage 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
[0093fermiBhtanad dutatibsheth BRASIHNOS BRAURRIE e atdli SRA isyasonditile Resource

allocation that may be set up by including. the setup information in the )
Allocglion Besire %?%@gsa@e%sné%@gmgﬁm%@ﬁﬁ SIS PR e assigned
valuegiveRha3RAh Eofisldowiiiitisaltis ausizes. M AR LD GYDIEKHi8e ways. Firstly
the regg,urce allocatjon information on the data %aﬁgket. For uplink, the AP ma

Higaian ga2 Sesenrsh an i dEBA o dacerdlp thrdiesource Rllocation

RequssPRIeRaBIRSRAUB pFRalna-1aaY iop dgforme .
quindication tgo listen in cgrga%;%%A. [%%HR%%% %g’%ﬂg&@f&%pondmg

respopge IMRY periadineked erfdate cinddhinSRe wiol yoweld tabeeffect in the
next 5&%%%995&821??16 method would be to support this message exchange in an
ORA.
[0094]  The termination of an assigned SRA may be achieved by sending a 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]  Asupplemental 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 fo
the STA in the given SRA. For a downlink traffic streaﬁ}, 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] SRAlocations in the IEEE 802.11n period of the superframe are specified in
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the EB. SRA location information can be modified after N EBs. The

number N can be based on at least one of the application and system
WOrdHGiPaPAZhts. This reduces the overhead in EB. In the pres@tuskivgaeyosc .

CP, the information must be sent every EB. This is to ensure that legacy

beacon drift can be handled by the EB. [0097] In an assigned SRA the

the EB“gﬁﬁ'[&éT&Wﬁ%%ﬁ%ﬁ@Qﬁ%@%%ﬁé& §:eF B Jr ?:_ﬁ% number N can be

exchange sequences, w such sequences and frames w

based sy dncastsepacdithebyrmboationteniidmpsbpacee(Biirsyintsalfbis reduces the

tin acket transmissjqn or by-qther defined intervals betyeen
over b R B P e A A R eRt B g every EB.
This ibds easlata thschigdhelAR candistt itda lbaManHbsthblystate AlBormation
etween the AP a TA. Figures 6 7 are hlock diagrams of .
0097y ﬁ&ﬁ@leﬂﬁﬁﬁi‘@%ﬁ&w& (nAeRte R asions of one or
more Begaulandeawih 48 Rrse8WAYRHIPBu IO FenBss shalkensuts gl eequences

duration of any assigned SRA meets the standard requirements of

separatadi fim 2oRtRtiotestamRiorPes (EEPRaintsEmn angontinmems packet
transAUEHAMS (EodiHARLAINE S RAUAMEAD AR AN HSH BB K. An STA may

assigned SRA without checking for these constraints. Within these

only senilabibht layendeforne tiamnitiitdww aomis buto seayor The Blscame use it to learn
hannk rﬁ@gg %;F'mg ViQIVE ar, “351’?1— that ha
¢ annag&gnedqt%g RA%&%%%%%%@%SS@%‘S @%A W ér%%‘lé A%r%%glzg re block
diagranfrmofdradoessaduhigit segueagaiessmpkeknotliledgeitionttin€iIrespectively, in
espond.with, an acknowledgement (ACK) independent of its NAV. During
accor a%[%ﬁﬁl gés%re}elg ?cs)etﬁié{\l@f%?%%nsTA can initiate a frame exchange
[098] seqUEheeRNtieheiidentatéstAl/ thel QakAtipnriised portisindAISRA meets the

assigned.SRA is retyrned.to the RC. If an STA has no traffic to send in )
standgrd dpemirements oo RTINS RREU RO, Sonoath BiMaxDuration)
- and neggighesh AvAIhEET QlstiNaRhIRBIHRE I 3N SRS SIMIAAICSPAL Imay use the

there is no transmission in an assigned SRA from the correspondin

assignefhSie Rpthatsdpeckingides Mesrsrariivante Mﬁ%@ﬁame@ph%éitaﬁions, all
decisi 0§ PIRAURHS WHEACMRINR on HEF REP IILSES {3 SR RRA A A any given

ORA allows a non-contention based access during which associated
SRA aypagadegby the STA that has been assigned the SRA.

{099} During its assigned SRA when the STA receives a frame addressed to it 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
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 foo 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 QRA.

[0101] ORA allows a non-contention based access during which associated STAs
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WO 2006/020520 PCT/US2005/027956 may exchange-data packets with
the A.P. It is typically set up by the AP in otherwise unassigned portions

+ wodfoesersegerframe or even in unused SRAs. The AP coordingles thgedaiaose
exchange during ORA in both downlink and uplink directions. In the uplink
direction, the AP achieves this by assigning transmit opportunities to

ey o ST B S AR S e
unassitansiosiioss ] QAB4A-kanbaresgnathioassaSR LoMesHIM dbdgdinates the

and/or STAs. This information is sent jn the EB. The AP controls the data .
data g &G ERg QEptianPathitly T mb e th 1pinkofHEesiims iBnhe uplink

directiBhOft AP ascfalows Ak Ay mayi sansdata Racketsfo AL RIS ABdSTAs. The
the STA may respond with a data packet or ACK. To participate in an

contens Qftithes PACkeStI e nehangedimpmeboreantnl prdkeks osadietast packets. The
transiSliAR! e $RAGRRALMAN TRiUlipIex difeIanh TS LhE 1S that are

serviced in the ORA will" be defined in an EB. The AP can send an
[0102}hggredte saovirtinesmesission tsenebiComne$ibas IDise STdonayTAs. This
inf ive-control.infarmati n][( og]ﬁge AP or,may send control infarmatio .
o P e R e BRI oception
“duringmbisrmmete. frame exchange sequences with the only restriction that that

he final ace, shall not d the SRA duration Jimit. RMCA shall
0103}, S ARB T (8D LG 10 S REN S it o

any S’@fﬁt@frﬁbmmﬁnﬁeﬁybbéd dﬂﬁﬁﬁgﬁ%tﬁ@@&w@&m 61f8$lglh Knarg 913%' ate in an
unless jt is permitted to do so by appropriate setting of the Access Policy . |

ORA, S RRE IS s PrBE RO ahest e CIRaA RS @romulticast

messabdf sHReAyIMAIHNS derbaRtRalegaoy MM banfean wiained i R ORA will

MAC of the present invention. Especially, in the presence of legacy
‘be defipeddp %Jgﬁs ThpdR sancendng agstegmtrd deywinkitegseyission to one or

more S§RO “I‘l?e@f‘g'}ﬁgk?{jeégﬁ@ EaE, @r?foﬁﬁg_tw f?&ﬁ%@@%ﬁifﬂ &end control
CFP become optional. [0106] Comparison with legacy functions. [0107]

infornmd G el s s dfesthadices can be used among STAs mainly in

0104 hgw‘léﬁv‘%?ﬁ%zif e%ssri#g%%%ﬁlv i@'ﬁstgg %Pti(grslsi?n?tco%sée%xi'nne&@'frame exchange

sequences with the only restriction that that the final sequence shall not exceed the

SRA duration limit. RMCA shall not be used to transmit MSDUs 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
217



-17 WO 2006/020520 PCT/US2005/027956 PC and HC in several ways
although it may optionally implement the functionality of a PC or HC. The

WO HepBigiificant difference is that the RC assigns SRAs of aR§pebRreas/027956 .
duration to non-AP STAs and also MSRAs of various types for
management functions. [0108] The RC may also operate as a PC

PC an®VHNEERO2 58 Ql%@dgﬁ RAFgHRAT T ipRlsle deRletfshality of a

CFE-Pollable STAs using the frame formats, frame exchange sequences,

PC or B dthemappticigndfionsy wiffeomeandsHibatjthe R Eigasifms sidie af nespecified

. ¢ vari ol . ; : _
durat ) A B A B B IR B R i ctions.
[0108] _nee'ﬂh,e _ﬁﬂud’aqg amma‘iel a_sué_’@tprmt'eﬂ‘agﬁﬁilmlﬁamfmmeﬂc providing
QusHEEAIN A", Lasemi e ealbiplon Uie AP con A e STAL L. frame

measure In erence, receive

excharffosegthaicdFs)inl atiastieyplichBhnehleafob @ Oeildi@Re channel of

00 e L s R e e

explaifiedrRasahame will contain the received power. These measurements are
scheduled in_ORA to send and receive small calibration frames. .PhIsticaI

[0110] 5y bl MbfcTuRRETaMEASHRpRAEERMe MR PasiQIschitsicakigyer needs,
includiRgiCAlEFeROMBINRH: e aging- L MALHRe YR ADHAVURRS Rhtion and

méasurements required. [0111] For AP transmitter calibration, the AP may

transmidtes TalBbrationnThe ARiratostrugthe Pl toondsmuredutenfhramenreceived
. its tr | _rati e AR Jetit cali '

e EIGSIPAIP S 010, TGRS IO ey chppne o
be otlsenthercdliratbarmelmefashec AEN! (e sAPacaX satidraiignadsditnepath loss
STA ID. The response contains RSS| informatign for every, measurement
measuggmany. The B el vl R Rl e B S R DR Wi roas the
respondefebiaSEA] RhtaStnpastdordiepsweiadingsdennasispiovitad@scheduled in

follows: The AP or STA can_jndicate that they are in @ beam steering
ORA {,8endpabd iR Shibe 63 %F%Rk%&“ﬂ?é'cg)lﬁé’éﬁ%ﬂ; hilgr another

mechal®i§he, APIFEANEBE SIHRIS fop apteavtaliaHody indicate via some interlayer

messaging to MAC the type and number of measurements required.

[0111] For AP transmitter calibration, the AP may use 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 coﬁ‘ect beam similar to the measurement signals for antenna calibration.

[0118] The AP is allowed to send the timing information back to the STA. An AP
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[0113] The AP is.allowed to send the timing information back to the STA.
An AP -18 WO 2006/020520 PCT/1JS2005/027956 can. detect the timing

« WOIipfBmizasiun from the offset from slotted Aloha slots. This infpgnati2noieyress
be useful for OFDMA or 20 MHz /40 MHz system. [0114] The AP and STA
may contain certain physical characteristic or the bits that can be used to

ind istinguish AP from:STA., [{0115] The information yegardin .
can d%ﬁ%&ﬁ%g{%&%a ili?)lllfof]r hﬁg %gl?nl:g?/ etglgnf‘%.gegcfél %ngﬁlkgﬁg In ﬂgea $lots. This
infornlegiacyrbegdenipdfalden OF DRI ai @0 iMiTdt He6adIdrysfartdm decoding).

MI capabili rameters may be sent as physical layer quantities Qn _ .
0L e Rt eate BT RRC IR e bits that
can bemaygdootRidiantdneichtostinpaitir AP TeshSAR is MIMO capable and the

detgjls of the MIMO capability. STAs send their MIMO capabilit
O3 R QB RSN LS L MO TP AL SE LR AR R be sont as
additiOR4PAAlE iabms rhaniebitrdhackisferssatiom auehagR AN hallYary for its

and channel state, This information may be sent as a separate packet or

decodigighMEMQ gannhiliivnsaereeiens persesenb asphrrshbnees quantities on the

i -nhy, i .
5. OBt o IPRE L MRCR R IIGy e o

indicagigsoarinesher grenohrideesPois 8N ecapaible MARGhmagetalsbel the MIMO
i licat r channel type. Hence. it can be pi .
capab I A A A AR EpaTEy MErLRES B R op message.
[0116]initi#& VIR il tireonitidiesafdivappIEatieo fidlis imdbfeedbdoldwfdation such
hilgsophy:. used for.Block ACK in gyrent IEEE 802.11e standard. [0118]
as ch R R B0 AR LAl oo Bl SORRRGAA EAAS e dopt 46 & soparate
packepigpiegohadken erdaidapackalkSoam o IRBHEBOZ D UIhI) paekaisd Opdionally,

received by the MAC may_ be better protected than yser data (for
some @%ﬁ&w@%ﬁﬁmms&ﬂm%m%&% BipForaHbe

[01171sepaaée ! ATR A HiieHeavert [O4d9d MRIP UGS Ca lEDeIANIP request and
frequency) are assigned to a user or a set of different users. A channel
responﬁgy%%%ﬁgn@aefé%mmgéméafﬁ@tepeﬁgrféw@% appligtien or channel

e, Tl gt HSHD) e el e Pk
are prpustedl do inétiate HARQ in the middle of an application. This is done to follow
the philosophy used for Block ACK in current IEEE 802.11e standard.

[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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availability. The resources will not be assigned continuously over the

duration of the “application for any OFDM based IEEE 802.11 systems.
woHewyes2¢he channel -19 WO 2006/020520 PCT/USZOOS/O,Z&Q,%@2 03027956

estimation is required for MIMO to operate efficiently. [0120] An AP (or a

STA) sends a PHY layer SYNCH and Preamble for channel information.

There.is no need to send the MAC packet as the resource is specifically

estimaaan is §egured A MM P apearate s8ieienEy are assigned to more
[0120ThananeaPTRyr hEPA eia0) SR LRI ¥YayeHN QI 2R iPble for channel

channel estimation. The details can be negotiated during the resource
informptioniochhersissnampasspoaend Alr-MAGapackes asdhonesotise is specifically

asagrf@&%@’g%wﬁﬁp Jadicateriiat feic.| e@g T&r Rg& %{%ﬂ% NS R tﬁla%one STA,

1] An STA can listen to the pac et before its sc d time to get
the S'Eﬁardten@sae«m@iudma MEEh Miverfioforthe pack s shanMMﬁIﬁenTﬁhe details

e deco source address information from the MAC
e b B8 S PR 1R PHY heacer
can ughatih eﬁtﬁlﬁmmadﬁ)ﬂﬁsrﬁbtm&{%,t@ﬂl?ﬁ] ﬁﬂaﬁ&’im&y Ne0 taskippflowing the
PHY 20 MHz Legacy, 20 MHz IEEE 802.11n and 40 MHz IEEE 802.11n
“devices. Figure 8 is a diagram for beacon and EB transmission in

[012 1pccqs@+ﬁ®mwah thearepeiid PRk bAord it s RPHE R &R it B ARl 18 channel

djacent 20 MHz bands. The EB can be sent at the same time or

estlméﬁé%éréfala%}éiﬂme&ﬂ@wé%ryﬂf@eﬁéséw&etm&%rﬁ%ﬁmmﬁ Weyld require
decodiifsdiffereptdadhe: I RLACORSIERFAING MMM nMHZP HOAMHA 50 be done if the

operation. [0123] Each device listens to the beacon in its own 20 MHz

PHY headerrhassemeddantificationtibatcthitstornendagsion iscfromiddiorstand
[0122]30”@5‘&'&@’%&9%% fﬁdgﬁé%@e%i att %ét‘éé}aﬁ(?ﬂ BEOSPR §ﬁ and 40

two 20 MHz device In di time. In order to avol
MHz IEEMQ&C&M@W&NE@@E&BﬂSWMﬁh&A&W EM&ISIDISS]OD in
Ire tr it and re elvet lfrom th 0 ST, Id
accor R O B e A A e 3 S BT AT Setiacent 20
MHz bahdslu!&lmEBxé‘aﬁ bassntiasiche siragtiarenetdpgand obeebiing }EEEever, the

A SIF t h d list t f th
rescxur"\ﬁ?_& K Wj i é(é%n ar{@%% é(].f e%gnt :leﬁ/ Iﬁ?e & e egc%gs (c)iepe% ng on 20
MHz or 40 MHz operatlon.
[0123] Each device listens to the beacon in its own 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 toc schedule the ACK
transmissions at a given time (instead of sending IEEE 802.11 ACK within SIFs 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

-920-



information for 40°-MHz device about their scheduled transmission and/or
contention period. [0125] IEEE 802.11 standards have defined a

o WORKIBAT hopping (FH) system. The -20 WO 20061020520PCT/US2065/027956
PCT/US2005/027956 FH Parameter Set defined in Beacon element
contains the set of parameters necessary to allow synchronization for

FH Panhfistp'0etERHRHYh B BIPsIaton: $onk 1t e Beacoss ﬁ%}g\é’&ﬁ necessary

Figure 9. The information field contains Dwell Time, Hop Se Pattern,

to allowrynby ondextinndartahd sTising 881 REPBikhedylensetionsantirothe Beacon

: ' (divi i eree

s sho PRI SR G AN R e,

and Hembnderopmmersisteréarfhede8rmSchypiingclddermme semtaiishifi® hop patterns
informatjon of.its pwn hopping between the non- overlapping.or . .

and 7 B P KR CRPEHHE FoA EqEIE Yht e T grl ime e

decide@dgahienddrer @uendsoammadiiiedrégetindies EiDis difeient (AapumdaL0 msec).

is in, the standards. Each channel has 1 MHz band separated from the
101261 oy, oA eaR SRR RIRGE THETFERREARY HobinE TMORRBRGHEiDeEeen. the non-

overlagpiing asNEaliniLatSeRUisen &) TlI0VESROBVE. 0TS e-b9RRIBGhat the
pattern may apply to any STA tf%IAP or STA to STA data exchgn e. With
N (

Beacoghe serbmmer Fprsaibtbaingaseaies ochnses differendthan whatisin
the staB3EAL OMEASIRHARSIXIEAN e HIORIAG. GN-EABIE HORPIRG BERERVERinnel by 1

QoS when latency requirements are tight. [0127) In accordance with the
MHz. pihedframesenion opmpCisfeionatiosupeestpdukingoassodiationmy oresource

o SO Ao LI OECR A SR AT, R

to STAldatestinhtiogaodatnthis kidretndr dbiditeatuaesi ieophiqgnedywiereghd only for
tination receives d in.which the

some S o A e R0 ik O AT BRI mrRE ves QoS
when Iﬂ&guyrgetliﬁﬁﬁg&eﬁslé&ya@m, a packet can have more than one

o127 e, oI o 0 o I o
packeffopWa@diHgeMie or several nodes may forward the packet. The concept of
forwarding can be useful for MESH networks or improving the packet error rate (PER)
for the destination node. In addition to traditional mesh technigues where the
destination node receives 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 addressin
packet forwarding,

2) An information bitmap may be added to indicate the address of
destination and forwarding node. Forwarding node sends the packet again.
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unused Address 4 field in the MAC header may be used for the
intermediate address in packet forwarding. 2) An information bitmap may
WOse@ddesteo indicate the address of destination and forwardngimesheesozress

Forwarding node sends the packet again. -21 WO 2006/020520

PCT/1JS2005/027956 3) A packet may have more than one destination

addres ile Ing .indicated as a multicgst packet. In this case, . .

there ool B e g 1 A AR R0 AR el mot being
indicafiest as thenfalif exddrpaslie thinaddsasséictier 120 bRpseuteciddidgaiittion for the

._methods suppaoyt allgcating resources between forwarding, node an
dostimg AT A% ABGE. TG Al BEBANE 3G TOTBg B AR B
[0129madRdpoibrPallset tietinastieds capiorpinodiah i liaivediiRdWeen forwarding
node éggﬂi es forwarding from another node. Information, (such as QOS,

iRat9a:0ehd isesaR berfane dunimging fhbosdng atapsndedication is
made fPAVEREINSLEREE AN iHESHARHARBOHR oA I CHON CESAVE PREBEEIT Faquires

source node sends a packet. The designated relay receives it and

forwarding &ram anatbes psleeclafompe PorkéruahyasplsH i yespiivedodria rate or the

: I lssi [\ rreceiving.

e B S R DA G O 0 T e

After gptonatigsdiacepeet setodbk toaretayof@lstiderampedoein Fhedusigamed relay
. formats that needs to be modifi r.afddedfor the ,IEEE 802.11n

receis R R MR ke A halicpo ro-coc

beforeardmasfraxien dfthlisieckideqrdiodc ocharriypemabCRutityparctypany tite relayed

e Subtype description value description b6 b6 b5, b4 0
packefy R BT Tb sHb K Bed e rEc Ee B RAHAGUR AL CRGonaTy dirctly not
througletsgeltion Request 00 Management 1000 Beacon 00 Management

]nl%rExten ed Beacan .
[0130 ame formats. The frame formats that needs to be modified or added for the
IEEE 802.11n MAC layer is disclosed hereinafter.
[0131]  Inthe Table 1, modified (initalics) and new frames are listed according to the
type and subtype.

Type Type Subtype value | Subtype description

value description | b6 b6 b5 b4

b2

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.

[0132] 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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00 Management 1111 Reserved 01 Control 0000-0011 Reserved 01
Control 0110 Resource allocation request 01 Control 0111 Resource

v WOAMEARBTesponse Table 1. [01321 Note that even though SEHESHRF27956
new frames are listed under control type, they may as well be categorized
as management type. They are currently listed under control type since

[0133]thergnsORn (¢ MRS ARB0SMRIY ﬁ&%&y&ejﬁaﬁ'%@g@eﬂé ARSI Bn “Péquest and
WO 2006/020520 PCT/US2005/027956 [0133] Two control-frames are

resourgglipes Haposnessekes AHdeEP2ddneSildm resource allocation
[0134]"CSPPASE:S IEEEE0e i kad é)srégééa# m&m%ﬁ%ﬂgﬁ%ﬁg%%ﬂbcaﬁon

request, mo |fy or terminate resour Ocation”for es o
for all iReand daty, the RERFrandt RFidire AR dramire Elyurdut®id Sedvama Figure

ody of the RAR fra tains infoymation is shown in Figure 11..The
L0, T R B O s e R Bgere 1. The
lengthcheldecorossptials aoeliie temptB DA He RA RAR dHtacko faH @wsitheitse 88 be more
shown in Fi . Numb stinations indicates the number of __
than Gog Hom S B S o e A Ao Figure 12.
Numbi ebDoestination Addiesslislsraciidsether 3kbassas SRS ERESINVIRY/ Multicast)
STAs, RAR ID is the identification number of the RAR. Resource index is

sought by fhaicansmistin® s Idr a Resource Allocation. RAR Type indicates
[01835Wh %ﬁlﬂ%ﬁﬁﬁ&&@é@ﬁ&%@%ﬁ%ﬁﬁ@ G RABRRAHARIAIFANAIETAS. RAR

- specifying the QoS requirement of the resource request. [0136] The

1D is thesiigatl %@@mm&;@ﬁéh%@&@el?@m neepananddentification number
f HROGIfication &% minﬁl_;;&@ sgug-cr‘ I i r.al f The .
ora frame structur%ﬁlé shown n? g%ure §% %%&%%%ﬂé tgt el(%;%%geu lg or quasi

static.allBédti Fprsificationnie ssad&isshafying Flyp@d2 réqeirescemteof the resource
&Ilocation notification (RAN) IE contains information on the allocated
request, . : : :
resource. There are two options. First, the resource allocation response is
[0136]a reSfionsedomndndllddasi seseaspemiioaaitandge UsishiCtcarspond to RAR,

modification or termination of resource allocation for all types of data. The frame
structure is shown in Figure 13. The frame body of the resource allocation response
message is shown in Figure 14. The resource allocation notification (RAN) IE contains
information on the allocated resource. There are two options. First, the resource
allocation response 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 twe resource allocation responses. Second, it can also bedoneasa
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.

[0137] 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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be done contiguously in time for several STAs thereby eliminating the
guard time overhead between two resource allocation responses.
WOIegids#can also be done as a bulk response (when the R&fiektiss€trose
to broadcast) to the STAs that made a resource allocation request. This is
efficient in reducing overhead but incurs the cost of decreased reliability
incgthere is n rbr ast/multicast. [0137] Management frames .
L8 A LSOl IS, e SRR mctuce

MIMOrcdpabilite, cobizcat-fields fet tiloanagepattdri 238) Wehire Sy SiRiadicating power

sovin e R S R e F Sbs e
capabiitsocifithh/Refastioeiatinisthokesh 5esRa00s/Renitodiiahip inelydest message.
MIMO capability, subcarriers for pilot tone pattern and Device Type

lit
Reassﬁ?&?&é‘?ﬂﬁ%\b@rﬁ%w &Pability. This information can be
[0140Rccorn@pdated Beingthaese %%Qiﬁﬁ%@mgégﬁ%gﬁgﬁw with subtype

existing Association/Reassociation request message. Reassociation can

set to heasor igiherrionacentriel Sisddod paiméends tetfabiordFREG 2. 11n STAs is
added PRHRIER %h%%@&%.W@HR&&%@%@%&%&&&W%B@%%&%% Table 2

A pointer to the EB for IEEE 802.11n o the existing

with theavodifi¢rtiranie bolfl/fovhtains information as shown in Table 2 with

1 P4 rTiHé%éFaﬂHQ EH Pdrameter Set |E is present within Beacon Set frames

2 _geReeged BterFad sing frequency-hopping PHYS.

3 Capability

information

4 SSID

5 Supported rates

6 FH Parameter | The FH Parameter Set IE is present within Beacon

Set frames generated by STAs using frequency-hopping

PHYs.

7 DS 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.

16 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
dot11QBSSLoadlmplemented 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 1s not present.

23 QoS Capability | The QoS Capability IE is only present within Beacon
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7 DS Parameter The DS Parameter Set IE is present within Beacon Set
frames generated by STAs using direct sequence PHYs. 8 CF Parameter

« WO THe/@FSplrameter Set IE is only present within Set Beacon¥amiesg005/027956
generated by APs supporting a PCF. 9 IBSS Parameter The IBSS
Parameter Set IE is only present within Set Beacon frames generated by

SITAB TN anm IBSS: TOTIANVI IS TTIVE TE 1S QNI Ene RGWITATI-BEdCOM . 1.

JAF e )
mes generaied by AL R ORE e .
ptesent within Beacon drames %I%J gh(gﬁ s S E%a P im
element is present when d%?l@% 1 o erment 1s no
dotlOBSSLegdim-len

€l 5 A : - DCA —
50 p%ﬁ&@ﬁgé Eis ﬁ&é‘%&ﬁ?wm hﬁoﬁﬁﬂ%ﬁs&%@mmﬁﬁ%yﬂhm

gerieFaEd by QAPs. pepinframengencrated, b ARsewppanting
datllQoSQptionimple LEEE 802,11 the QoS Capability element is not

present. 23 QoS Capability The QigbteaZability IE is only present within

Be 1Q20, PCT/U 5/027956 frames generated
LR g R R o e O e g R RO Rty pe
to EB dotlieds0pticomipié feldcthis firamatd EDOA IR AametemSetisteshrrtisin Table
3 not present. 50 Extended The Extended beacon IE is only present within

Beacon Beacon frames generated by APs supporting IEEE 802.11n.

Table 2. [0141] The EB frame has the frame format of a management

OrdedramMensipsiies sit to EB In the frame contra{fgic 1he frame body

1 COMIHR L HON @R Aey Thformation) Time stamp is a Fixed field
representing the value of TSF TIMER

2 SSID (Legacy Information)SSID IE indicates the identity
of an ESS or IBSS
3 Supported (Legacy Information: optional if beacon
Rates present)Supporied Rates IE specifies the rates in the
Operational Rate Set
4 FH Parameter | (Legacy Information: optional if beacon
Set present)The FH Parameter Set IE is present within
Beacon frames generated by STAs using frequency-
hopping PHYs.
5 DS Parameter | (Legacy Information: optional if beacon
Set present)The DS Parameter Set IE is present within

Beacon frames generated by STAs using direct
sequence PHYSs.

6 CF Parameter | (Legacy Information: optional if beacon
Set present)The CF Parameter Set IE 1s 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 MIMGO IE specifies OFDM MIMO PHY

Parameter Set | related information
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3. Order Information Notes 1 Timestamp (Legacy Information)Time stamp
is a Fixed field ‘representing the value of TSF TIMER 2 SSID (Legacy
WO boferenedion)SSID |E indicates the identity of an ESS or IBSEcg-Sunpedetse
(Legacy Information: optional if beacon Rates present) Supported Rates
IE specifies the rates in the Operational Rate Set 4 PH Parameter

alkif lbaa

¥

10 \Lcﬁ? ||||U||||U-L|U-|_|_‘J géé%“ LYAwZ @4 . e ac
SEHE B Er&SSht with|n Gf FranteSREREARELE W, gacy
fréquency- hopping PHY: m&f(ﬂﬁéﬁg __ Hl > ﬁ‘tﬁ)ﬁ‘él

ifheacon Set nmcpnf f"p Lotk

1 hfiBAgSehackaioy SORA Sneadin Hoquaiobirspesifier the SRcime
(Uegacy Information: pgded ilecbmobiaeBpperficgme CE Parameter

12 SEMSRANly present] MBRA SetordicledE genetajecs ihe MSRBpsdingdule,
a|BekedidssS (LegdddERAEype aptbMEREcTygre Rpweifieisfiirmation
present)The IBSS Pajdioe i S8idhasfwalmpresent within Beacon frames

13 geruedel&dviR i ORBSehediNe(1EDasn AN gHRNOPRIDISIRA
bgacon present)The THHBEdBRNS6REREN WIS RAACON frames

14 9¢reaiedhBY APS. 9 OEV- MV NIIVMEHTE specifies OFDM
MINGERYaBagmeter Set related information -25

15 New STA True (default). AP can advertise that it is not
Allowed supporting any new STAs,
: Table 3. -

[0142] The management frames of subtype Action are used for measurement request
and response packets, QoS (IEEE 802.11e support), or the like in the current [EEE
802.11h and IEEE 802.11le standard. The Action frames are used for antenna
calibration, extended DLP messages, channel feedback information, and HARQ setup.
[0143] Following action frames are added under the DLP category:

1.) DLP Discovery Request: QSTA sends the packet to AP to get the MAC
address of the device by sending application requirements.

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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WO 2006/020520 PCT/US2005/027956 10 CP Access CP Access IE

specifies permission and legacy PRY information for IEEE 802.11n STAs
WO g§060HEaed in the legacy Contention Period 11 SRA Schedule 5RAa05/027956

Schedule IE mainly specifies the SRA time schedule for the Superframe

12 MSRA MSRA Schedule IE contains the MSRA schedule, Schedule

MS e and. MSRA Type cific nformation, for the Superframe 1 ]
0144] A S TR R LR RS O R 0] SRR e R optimal
PHY dute saperinathectihinhatinel Gumerd Channelcoi AR hetvrewmtiond STy

STA True (default). AP can adverti atitis not Allo supporting a )
0145 0 A S Sk (3T e HA R o ol i Actor drarmes n
accordased foitinehsuppaentraguastiandiiesponse packeipdReb 4Rh fields, HARQ

802. ort), or the like in the current IEEE 802.11h and IEEE
Requegigaig SHREACI AL b AR eRRmaRsw g, lled later
based SxigregrBdPupessRaemehanpetfredhaciinforpations ﬁf%[l:l_ﬁ@ﬁ&ters include,

e

setup. [0143] Following action frames are added under th P category:

but ar@ﬂ)%bmﬁ%‘ég@eﬁfﬁéﬂﬁé@dé%iﬂ@iﬂ@éisae%&ﬁ@m{%éem pdscheme
oot . il At . | iy .
oo, et AT S EA SIS e Bt biggybacked in
the resgymwepHecationand requast pastkat field for DLP Teardown by the AP.

Theyfr information filed called timer e ts that QSTA
016 B e R R, ot
[0147] MeasuFemizit Reguest: Galdoaatitmitem value for DLP Measurement

[0148] Reci%e%;tl{éonﬂlte%%u él%gg 5(:}:1 tggr ,S L’g\tﬁ?r? Sﬁglagn%l'gs glﬁgga?élll‘tyantenna

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.,

[0149]  2.) Beam Steering Measurements.

[0150] In the measurement category, action fields are defined for beam steering
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 delayin
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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information of QSTA 3310. 5.) DLP Measurement Response: Add action

item value for DLP* Measurement Response from the QSTA 3305 to the
WOQMB/@83im It contains measurement information and the MAG-pddiess59foss .

the QSTA 3310. -26 WO 2006/020520 PCT/US2005/027956 [0144] DLP

Request frame is modified to include additional element to send optimal

PHI' ' h h | ch istic b STAS.
s R S A S R S BN e e

contafframesbfieid coitiachanvitl tdemyiggent invention. There are two types of

~.action fields, HARQ Request and HARQ Response. The details of the
(0155, e panshdRiPEmp eIt e CBagBA AR phriftemeed to be
send fythe fHandamtSo8e0f theRaia HSHAR s DH AP AGRESEED to be sent
Resource ID, H-ARQ indication, H-AQR ACK delay, and scheme of

éitherc‘éi&ﬁ?&%ﬁfé&ﬂatm@éﬁ?wmhaﬁﬁé Riotha bR alsw Rarameters. This
inforrﬂgﬂi‘xt?ﬁﬁkl%i@emﬁmélp@dmg%@&q@tﬁ%%%ﬂ?&%& V& ata or as

category for measurements is created as follows. [01 nitia
a sepyxatenpacBealibration. [0148] In the measurement category, action fields

[0156pr€ %Q%g%?ﬁ&%%y&%g@gwggﬁ%g{%gnd response packet. The

response packet ma inste e IEEE 802.11 ACK. The
[0157tespBimedpelds. contains RSS! information or channel state information.

0149} 2.) Beam Steeri easyremepnts.,[01 the measur t
0158 Bl RS Pt IO e el e e g that STAs
have anththepooppadoityTlie reppensmbrCkEt neyheeen idstcadhicthsd the time

IEEE 8Q02.1], ACK Th anse packet contains RSSI information or
SWChEﬂa}ﬁ?éf%?a%Bﬁﬁ%Q%?ﬂ’%e&cnon field may have a subfield about the

[0159IndicHtion, 8é Stari abkk et gth FeameSIRRTiNGoTtPokantBavSeld e Sdinent and

or AP wants to inform the other side of running beam steering by using
Contrgl frareess Bt havengeresebimateshay idaKigurehf pseransising a loctet

Elemd@tSEh34iNIng PisaLMesiale field and a variable-length element-specific

information field.

[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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[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
¢ wonkasiog to the STA. Itis used by the STA to adjust its ti j <
respect to the EB. [0153] 4.) Measurement Information: [Olng])C m)%éoesm?%s
measurement category, action fields are defined for measurements. -27
—Wo-20061020520-RCTAJS2005/02/7956These fisldsindicate RSSland
__mmﬁetence_meaﬂltememtequesl_ﬁﬁ&Mse They contain a
H-ARQHemuest Eremteeldentity. [0155HghuinARQrAckowlsdgement
channel quality and channel state ndedtigbiesend to the transmitter side
CQI Gowdntaln frequency. Also, HARQ ACkmnesnsl thiferand tiither
CS8I Ggndipednously or asynchronously ha3Reen S hifvraeidm parameters.
This Information can be sent in thg Al sheader as optional TE
iggybacked over data or as a separate packet. [0156] Management

(016 1}amEhsoSpradatontitentitsBSERR dlamentemsbuppededBaethelement are

the <58 GMilaHg thati,the beacon) is included so that STAs have another
opportunity to synchronize. It represents the value of the time

[0162%yn Rt MoctRer ensitptinGeat [6E30¢1Hs treshanablédeMigufarié. OFDM

ents ement and Control fr Es have
Capa O B S o BTG CAER i, feld has
inforradtiooten|sagtivficfdraiMOaBabledehgihiaie mdoimpenificialifinetobearriers for
ot tﬁeld. %)1?01 The set of valid IEs.to support the modifications and new .
PLOL L HGT 8RS BRAAES es is given in Table 4. Information element Frame

[0163FSI[TBeAccussEtended BeahefmSHPMpefeRptes BrasoRnisdRMI8d]d indicates
Beacon OFDM MIMO Parameter Set Extended Beacon CP Access
whether or ot g LELHE 802.11n STA can contend in the legacy contention period. CP

PHY information provides the legacy PHY information for use in preamble for

backward compatibility.

[0164] The EB element, shown in Figure 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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Extended Beacon Beacon RA Schedule Extended Beacon MRA

Schedule Extended Beacon Resource Allocation Request Resource
woAllocatieszRequest Specification Resource Allocation Notificatipnisaees/naross .

Resource Allocation Response H-ARQ Bitmap H brid ARQ

Acknowledgement -28 WO 2006/020520 PCT/US2005/027956

nse\H- Request Control Hybrid ARQ Acknowledgemeni
16 R o NSRBIy TSP A ARG nber of allocated
ORAslividriediOB ETa0#e14.r{ §e1dd habeiviceosaidgentiin ST Bleshanifanthrmation.

It1 dS p rte%[ﬁ?tes element arﬁ the same as in the beacon. [0162] OFDM
18 BErSR0NTE 8t MRSeAtis shown in Figure 17. OFDM Capability

[0169field basHOBRM BRYSBpWhidior ater-MIMB, &aRabHityfigldas ds to an open

information on support for MIMO. Subcarrier Map information specifies
resoutge, adleeation: met preifiesdthes edion b1 Beroracinden divant ¢éfset, STA

addreSEBND DTIRRE LS CH R YSSIon field indicates whether or not a IEEE
802.11n STA can contend in the legacy contention period. CP PHY

[0170}nforfhaidhidtovrraifinatingadl Rrotudésr tieiéoR pase ingterarfitefer requested
C G Hbility. [0164] The EB element,.showndn Figure 19,

resouindigggeég};r%ﬁ)@n@gt}ig%a é%%u[@%%iacﬁ% ?Ferauléln]é% al'r?a? %.n(’?ggb%ea%rﬁg%arameters

definedriththe B34 R apes]fitie SR AR ahe duteeterhent) whohamimEiguse @6ed or needed;

s B OO0 B O SR S0 00230 petod an

101711  The RAR Type field determines the format of the RAR Specification field
information element. If RAR Type is Quasi-static then the RAR Specification IE will
include most of the fields. However, if RAR Type is dynamic then the RAR Specification
IE may have those fields that are not used set to zero. TS Info field contains
information on Traffic Type (NRT, RT), direction, MAC ACK policy, Access policy
(RMCA and/or RSCA) or the like. Nominal MSDU size specifies nominal size in octets
of the traffic. Maximum MSDU size specifies maximum size in octets of the traffic.
Maximum Service Intervals is the maximum duration between two successive service
periods. Service start time indicates to the AP the time when the STA would be ready
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 MSDUss 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
e.xcess allocation to account for retransmissions.
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[0166] Each SRA Block IE corresponds to a scheduled.resource allocation
and specifies the SRA with Resource index, time offset, STA address,

« woandsResnyrce duration. It is defined as shown in Figure 21. 4643108027936
MSRA schedule element specifies the number of MSRASs in the IEEE
802.11n period and with corresponding MSRA blocks of information. It is

defined as. shown in Ejgure,22. Each.MSRA ck corresponds to a
0172 e R e AU raier NP SEHOR cHb SRBE (B EgRemse for  the
requedded iéeatioBeuITBbLti ShNLaitaeh striakion hPeHiMmassquigied aTd/RAR ID is the
.Assqgciated), BSSID, pack%ﬁgg{e (control or data), contention scheme

identifiggtion mraksrdombhe AR 4K shipsoHTeR . ipgtheoidenfaeatiom for the
ResouPée TAY3RH8{02 1806 {0 180 e QRA RAReAMLiSICHEMENRINR policy, Access

information on, number of allocated ORAs in the IEEE 802.11n period

policy ARVt eadéaspBadidy orhelikrs Seritivenatiort Tineesetprsifites shewiisets for
C I ich Issshown in Fi

o L BB SRR B MG 48 e st o

voice) Retloly cesimperdrime .offseti @TRu satdoassdissgritfRasaicthdwttcated time in a

0170 e RA ecification IE incl s the QoS meters for th
superte e BT hohen ot AT R BTt o thg mumber of
equal alestiaiparesmelded tlefises/ioddeAispeeifapishimane dei¢ed. Maximum
.cex nsive than mﬁgl be used or needed; unused fields are, set to null using

Servicg HAEARHPLIRGSH!T6 17 HIeRRRPTONY Ry FelernlarR9s mieurce Type

indicatite RABtheeeHicatipdielh RfgmaionairmetyldNe. TEPRliStening periodicity
Quasi-static then the RAR Specification IE will include most of the fie%d%.

specifigy haysr oftrin iy 5d 4 BRI S fie aarBolaribaning infempation. The

allocafiR¥eRs gilelmbehii & SO LUSEh IR FL bt tRdHAJIBIS 52 WaWSuccessful and
information on Traffic Type (NRT, RT), direction, MAC ACK policy, Access

underpghat ¢RMENBRd/or RSCA) or the like. Nominal MSDU size specifies

Omi jZE.4 ts O ' i S Sige . specifi . .
01737 S B Ay D RIS i i
companeiwidin theretiore b REEIA 30B. 3l edddely fosNRR Appriindsi Senhdesstdithe NRT

appiicgg}grigdsiﬁ%?gs;t ?1{ eerrpfeF;: Ftl'qﬁet i[?.gan eerr,l %18%%11"/8\‘%%&%%% rl%%gf/ﬁle transfer or the
like are considered background and Best effort services. The resources will not be
assigned continuously for these applications either in IEEE 802.11e or in accordance
with the present invention. The current IEEE 802.11e MAC provides AP and STA
same priority for Background and 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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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
WOtheéridaseeata rate specified at the MAC SAP for transport eiSRdsierss .

this traffic. Peak Data Rate is the maximum allowable data rate for the

transfer of MSDUs. Maximum Burst size specifies the maximum burst of

e, M that arrive at,t AC SAP at th ak rate. Dela
rates a%ﬁlj% ﬁls%%fg AeRAEY ar%d R% aé:g% r,t%ue EoT e%%%?s Br%f[r%reover, for

axXimum time a € transport o gl;ll. f
the Maflivdl didopedddACiavbiatien aaddttinpletiematstne ssiplisanantissiesservation

refransmission to the destination. The Minimum PHY rate specifies the
pacm%é%ﬁ@&%ﬁi?r@%%ﬁ% f?fi‘rt”his traffic. The Surplus Bandwidth
[0175] Alloadie Kieieatasdheaxaspalioaation tofabi@iew FomIelr an sRiesIReE- Link is

30_ WO 2006/020520 PCT/US2005/027956, [0172] The Resource
definedh gshfoRalibrizern ETOCHEAS BereSaBHYE 1R MEVRiGTR St 12 users there

are 66 188REIG&AIPTRNAN HENRAS ASUNEHEE ARIRAVER FHIUERLIAARR I$here are 6

. the io’lentificagion number for the RAR. Resource index is the identification
links, agdieaerisbiscesansredisn bedideterield contains information on MAC

01761 CHROIIAS | xf?(% 15 R aRIRURSRIPL, that i
(0176) 2 TRENEE T B! MO LPUEBIALE MR RINERIPLD thatit
vields thendssertol cpplicatiaiiiciyiesatecTeY beloepevitheat sefferigemerator and the

Servi uration per superframe is the allocated.time ip a_superframe .
A B B O b o e By arvival
times podtabdoatidhsdstantich iR Tséntic p alclcatigrper-dumerframe is

diviged. Maximum Service Duration specifies the,allocation ov veral
017 R B R [ TR PR ST B BRABRUIgS [ e method,
the nuRbesidtatier idloaricortdisicBing fasiadichesaacHien oy RiesfR] for each
STA needs to list to the EB for timing information. The allocation code

user ugtltheoRTsieen HewmeRciRstatiendaItardhamnanglbasistiatangate is kept
constaHBdehMIRE candifignss {Lf31sTheadonansent Mﬁ&éﬁém@ﬁ? Gfnstable.

with the present invention is compared with the current IEEE 802.1le

[0178] maZherdetailnpbREEBRORbEe i ové Nirronpeidatisisvertion (Rhesbmulator
s 2l e e MBS T S Bifampers sed for
simulation are given in Table 5. .

[0179]  Inthe simulation, the timeis divided in reservation periods, each reservation
pericd contains an S-Aloha part, a broadeast channel part and a transmission window.
This is shown in Figure 28. In this system, collisions might occur in the S-Alcha part.
In the simulation, the allocation scheme follows the First In First Out (FIFQ) 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 thereisa
change in the user’s buffer. The request remains in the AP “request queue”.

{01801 The time of each slot in the slotted Aloha includes SIFs + transmission time
of request packet of size 50 bytes.
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assigned continuously for these applications either in IEEE 802.11e or in
accordance with the present invention. The current IEEE 802.11e MAC

WOnteiless2P and STA same priority for Background and Bestdaffostoeos/o279s6

services. It is well known that the downlink throughput at the AP is low
compared to uplink throughput at the STAs in the IEEE 802.1le MAC. The

%%wgfmon pl’OVIOEb AP-witt

IVMIEI priority toTo-ordjnate

lNlll SSI U;mu IULUplIUII of data V%rl ci; Althrotgh-aty-sinulations
R rotghptt-Att Yu”" "'re Roet-previdedTt is obvious
PRERIAE A3 RS 8scnt invcrwﬁr}v... ot be-unfairto-the downlink
CD iﬂ_tllanf invention anrn\/nc the uplink thrauighput

:-E 1 \EEE 802.11e_|EEE

RQ)? 11le.and thp present

invention are

it @ :{Mﬁhﬁlﬁﬂﬁkﬁﬁ]mk traffic

d174] In the simulation a

RV SizeistieDifferent er

rdi®081 WO 2006/02052

REAUEeederRizegbyitaws apply

tbbata packets and ACK

specific packet

packets, due

tBéheiesdifferdnitsties. (Moteader, 1
diffehant(byriarshate applies to the ry

d¥0the MAC of the prese
pservation packets transi

Nt invention, a
nitted in the

AT Shie. (B#ER) In the simulatio

h3ertain percentage of hidden links is

OBk ARG szisleled as the p
qIgByem with 12 users there are

agh between two STAs.
66 links, and 7 links are 4

or example, in
ssumed to be

MRASNTFH AR ASR RadSers, T
qmd to be hidden. [0176] Thq

efg@@re 6 Iinks, and one
packet generation follow

%f’éal N S N

it yietdsthe desired

LC owever

SIS SIOnY € assu mptl

a.‘%a?,ék': Sy

hv hao rllf

%ﬁ‘}ellle uaimc yerig g.

ratorand-the—MAC have
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pplication data
not been
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77] The load is

\.&Qy uuuuu

rQnraq unstahle_1n the otk

ethod, the

b s increased

-fglgéi‘ Aiﬂéﬁ IRWL\Ianm hp(
EE D Lfpasik kept conqtant but the

Afmber of users is incre

1er method,
sed until the

come unstable. [0178

BHe details of IEEE 802,

SspiotithiS imtentiom Wiadimula
NeA@dlnctionalities. The parameté

106 (fiers IS 568 vided |
rBuded $oAloha)

lle is out of
FEE 802.11e

Maximum Contention Window | 256 (for IREE
(slots) 802.11e)
40 (for S-Aloha)
Transmission Opportunity lor3
Slot Size (us) 9 (for IEEE 802.11e)
14.81 (for S-Aloha)
Number of Slots 10
Reservation Period (ms) 7
Reservation Transmission 54
Rate (Mbps)
Broadecast 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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simulation are given in Table 5. [0179] In the simulation, the time is
divided in reservation periods, each reservation period €ontains an

wo3eddabespart, a broadcast channel part and a transmission Wipgays o dHiS 1956
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

systomy g AR PG AL R R By P RPE T BEPRRDe pactet

is succBRALREJERaMILtic IR andEHE thrie hanarkeing tivedsRUiieraddies buffer.
request remains in the AP’ requestﬂ:'§ ue". [0180] The time of each slot in

The avigragp delpxiondshermined for 2l dhemacksts wensmudad drpmeidt gsers. The
througﬁﬁﬁi?’ps Ryde5 632 MR 0061020040 P 8%%%%&%?@@9 tPRIRARGIELd over the

Value Number of Users Variable Application Data Rate Variable PER

entire syt Fieratvifetbyrbr fotad smdation dimesiBp dotahdrrdutivnditbe for all
o s, A PRSPPI e S ot
[0182] DatlehhﬂmsslatwﬁatH; masgwmegi Physieal hapbcRizambiea(wal@is 2Mbps for
each use%)ggél nilN %n}%%ré)éé tﬁ %%pougﬁggtngvere determined for different number of
users in the system. It is also assumed that the packet error rate to be zero. The curves
for throughput and average delay are shown in Figures 29 and 30, respectively. As the
number of users in the system increases, the delay increases until the system becomes
unstable. When the queue starts building up, the delay starts growing exponentially,
and the system becomes unstable. The delay curve shows the maximum number of
users that can be supported before the system become unstable (the delay values for
unstable system are not meaningful and not shown). For the MAC of the present
invention, total of 32 users each at 2Mbps is supported. For an IEEE 802.11e system
without bidden nodes, the users supported are 22 and 28 for number of packets
/transmission opportunity equal to 1 and 3, respectively. For an IEEE 802.11e system
with 10% hidden links, the users supported are 18 and 22 for transmission opportunity
equal fo 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 fo 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
-84.-



PER (Data Packet) 0 PER (ACK) 0 PER (S-Aloha Packet) 0 SIFS (us)
10 DIFS (us) 34 Minimum Contention Window 16 (for IEEE 802.11¢e)

wo(siadmzddH (for S-Aloha) Maximum Contention Window 256 ({Qr,lll%gg 5/027956
(slots) 802.11e) 40 (for S-Aloha) Transmission Opportunity 1 or 3 Slot
Size (us) 9 (for IEEE 802.1le) 14.81 (for S-Aloha) Number of Slots 10

e A B 0 T e s
presentiicden f10d§:Pa10RQ d@hleadA10H-dhegaal ohiiia o Ons BaIHISs) over

to determine the average throughput for a given acceptable delay and the
IEEE 8&%#&@ transmission delay for all users in the -33 WO 2006/020520

[0185] PCMS@QQSAQQ%Q"Y ﬁtg%éﬂgg ﬁ%ﬁﬂqﬁé%%ﬁ%ﬁg%g?\%%%ﬁ% tg\le_)causes

‘differencge between the tim t IS succes
of the inareare timd ehaypadiettahy sdatsthead to svaitfen S agecd@erdiayrisorder to

e o RO A A AP e o e e B 7o
Howeventirhesienditdsipn alivide dipyoiktaiffeimdntiof inltisEbenidtal simalaionm of 100
nﬁlliseg&%fagggnding on the offered load. This is not a significant delay for NRT
services running as background for best effort traffic.
[0186] System Capac:ity (in terms of average user throughput).
[0187]  After fixing the number of users and varying the application dat; rate of each
user, the objective is to find out, for a given number of users in the system, what the
maximum supported data rate per user is. The percentage of hidden links is assumed
to be 10%, 20% or 30%. The transmission opportunity is equal to 3 in all cases. The
results for 8 users are shown in Figures 31 and 32.
[0188]  For 8 users, the present invention can support 8.2Mbps application rate per
user. For an IEEE 802.11e system, the maximum data rate that can be supported is
6.3Mbps, 5.5Mbps and 5.2Mbps per user for the case of 10%, 20% and 30% hidden
links, respectively.
[0189]  Similar simulation was done for 12 users. The present invention can support
5.4Mbps application rate per user. For an IREE 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 iraprovement 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
-35.



our simulations was approximately 150 seconds. [0182] In the simulation,
it is assumed that an application data rate is 2Mbps for each user and the

wodalywaidsthe throughput were determined for different numt%%rT%S%er 7056 -
in the system. It is also assumed that the packet error rate to be zero. The

curves for throughput and average delay are shown in Figures 29 and 30,

- respectively. As the number of users in the system increases, the delay
higherprierte iR sydei bessvieas emBRH) vemsiralaagsaimilprrerformance

nmnbegk'i@éngh%ﬁhﬁm@}/ BAHRCEAVIRG XRORRIYIAY, s%@gﬁhﬁgsiﬁ%mﬂ? the STA at

_ becomes unstable. The delay curve shows the maximum nimber o
certainysatenial dmased suppbrcdBEioregiteatjeredudngnietinstaflé(hecan provide
I for .unstable system are;not meaningful .and nof.shown). Fqr
soare R Y S B R R RS branster
STA neegpooteds pandibiek 800 4 datsy prerkevith JHRER 862 1ddeSktbadkstrevithin a

supported gre nd 28 for number of packets, /transmission,opportunjty .
STFs SERERIS0 Qi TALBG P A FEE S B Gt Reopg R ormation
once eviggle0dinidl] e ondrsavhReraday 6nlB antRd) e psaissidnvention not only

i [ to 1 and 3. [0183] Considering all overhead.in th
providéggi%%}ijs?#gg%ﬂé § S %gtgﬁﬁgr%@e%z%ﬁg‘@uﬁé%%évgéggaﬂg éllethe time. The

STA SWMR® <68, TRAUE-RCBIBNaPIE BYr e A RWLIR PB4t dbends on the

frered bandwidth, which is approximately 66Mbps (for an assumed

charactarjstéalafybe ampdeadinmel BREROMERY. 3Wakededistennbr extended
beacontBIRYEPRYLIS aPR QXUBAIR G4 MBRSs é@gg&ﬁﬂgﬁﬂgﬁgﬂgﬁaﬁ?ﬁm efficient

' achievable. The orily limitation in the pr t invention i

in uplipdndwiddwishitaioratio Iagh Hatesmesr applinatisE 6ozh 1assYoldth ahdt does not

requiré'%'ﬁ&i?%é%ﬁgg ?cpx!yegrgg o gﬂ? %ngl\{\élfi txb i@ﬁﬁ“g@g? y Eegfa? %ggome less
colltsions, especially in'the €ase where there “are hidden nodes. As’the

efficierpriftidie T af Ak isnodelsléingreandthb d stys emlaspaciysp3494/4D a poll within

o ST BEEER0 ECTUSEIR 09 decees o dsn e, i
which RMdeHERYeaain iBdRNLOOP ST A mr40MbprtotdMbag e d B smissions
and/or%gcz:ép%i%n at the beginning of the superframe. 7
[0191] The present invention is also applicable to peer-to-peer communication. In
general, STAs are not allowed to transmit frames directly to other STAs in a BSS and
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 profocol 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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[0185] The gain comes with a penalty of a small increased delay. One of
the causes of thé increase in delay is that the users need to wait an

> WOpesagesad 3.5 ms in order to send a request for bandwidth f-thedARisn279s56
(since the reservation period is equal to 7 ms). However, these delays are
in the order of few tens of millisecond to a maximum of 100 millisecond

dependi : ThiS & ignificant delayfor NET .
onvioad e Y Rl s B R e ARy ith another
non-ATCstpdinty §8%ermsokesdde asdremdeghflLP [Regeattfrainin G 3OA to an AP
umber of users and varying the application,data rate h r, the
3315, R A R S YA APB U LBER R b RupcTRl s the
MAC andvaszencsitheoR8d’ dstasate panoser is. The percentage of hidden links
IS ass 0 %, 20% or 30%. The,trapnsmission opportunity is
equal %}%‘ﬂ M%}%é&ﬁgq’&tﬁw@% Efgeraasare allowed

in the polecs%GA8HSED S 8% ASTAISHT, iTENPBIAD SHRRAMIS BMPDE P request

application rate per_user. For an IEEE 802. lle system, the maximum data
3320B r’ﬁ‘téhﬁ&?@ﬁﬁ%@s@?ﬁo?tgél% 6.3Mbps, 5.5Mbps and 5.2Mbps per user for

the cage)ofrk0pa, 38%nane 060 HOdgNIRK I LeTPREIVRDY, [Bi@-]r%ﬁﬂﬁée frame

simulation was done for 12 Users. The present invention can suppo

3325A oA PPl atibiceeptrinsdhemtemebKexsendrildyeembitiees of the QSTA
%gleps, 3.6Mbps and

. i b 0 :
3310 a%%?&f%%éegﬁgﬁ% %@%S? A)‘l,% % and 30% hidden links,
respeclivéheTAdt S Bl foratipeisaheibDildancipoursie SREGE toeteshBHEA 3305,
ata rates,.An jmprovement, in thraughput is 31% to 58% for 8 users and
after ngig% P%%i%%ﬂi%%%%r%s.%&l%é? e present invention, provides
[0193] gudndiierd FIOGHaraR ThectnithatdE b BfhbliefahsuppPQRTASLHE08S 3310, It
n EDCA ot HCCA e. In EDCA, RT seryices get. higher prioyity than
cannot B HE AHBE AR I Whehhy R T AerALE ) bR DLP due to
expiry %a%%&ﬁ%&ﬁ&f@ﬁ&%@ﬂﬁﬂ&%ﬂfﬁ%%ﬂwg ; EMBh AR R SITRBB05, 3310

-35 WO 2006/020520 PCT/U82005/027956 h r priority than STA. The
restartgg @W&é@%@@%@%@kﬁ%@%ﬂ@@wﬁ%eﬁéﬂkﬁé@rﬁm@?b%%m 3305,

3310. THAMR3NRVRo PaldCled r BB SR IGeMh Bt AR BRYING R SHAPRA 3305, 3310
will send the message to the QAP 3315 for DLP teardown. All the packets henceforth
should be sent through the QAT 3315,

[0194] DBoth 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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certain interval based on the QOS negotiation during setup. HCCA can

provide guaranteed QOS, but, it needs to send a poll packet to initiate
woupliclopaeket transfer. STA needs to respond back with a datg-packsl:Rhross -

IEEE 802.11ACk packet within a SIFs time. Also, the STAs need to listen

continuously even to send some information once every 100 millisecond

such.as, vi n and).. The pre inyenti t rovides .
parag S A e St s G 23 T B L B Soartinaton) to
gain TK&Pd $§A$ﬂ?;pﬂrt'ﬁ@m>s&ﬁsgﬁaammr _ ba(té%rzlbgﬁnfamdﬁlwgﬂaéén QSTA

n characterjstic of the application. A only need to be
3305 and the @%@‘éﬁ%&ﬁé&%ﬂ SeapabiiHeHABrRe his prded: Hisigpis solely
negoti 2R MY RdesTAB 508 ardrR@Aicent s muplikder AQw satedale ighed by the

latency application (such as VolIP) as it does not require a poll packet for

QSTA 8y tprardrthareqeet Bunalfismoomnylbecome)ess GfitfoArtiondrame is
used by EACWICHBI8RS Jaaah'ha dad PRCKRIYALEEPenne JaR RN e trathie

IFs period. This imposes a stringent requirement on t turn

class inseting sifter Whikisefarmas Halspegirabwaly Abn &itis tireedrerafethize two STAs
tra igsions and/or reception at the beginning of the
have e§%ﬂ%§%§§l é%%nﬁ‘fﬁ

supe & present invention is also applicable to
[0196] peeThe f2APCEB1G putiatitive 1@ PSS THemreceotltoivaditodtansod on the

.frames directly to other STAs in a BSS and should alw r AP .
negoti Py AN ARFOT 1 AHhER ORISR 1A TGS LE RS (S PAG uses this
TXOP mayrtassititdidnresddire ghcleafrthetkaSI SN St issiat ddfa QSTA3305

trangfer using Direct Link Protqocal (DLP).. The need for this protocol is
sends thefies BhE,

bRasfehioralihtherolisnm@adipitht fibse sepdnehe ragkets to the

QSTA 9898 Whikhich-2564h6AR 1K REINOKENAPAYARKQARKINETSRER AN be more
feature of DLP is to exchange rate set and other information between the

than Omﬁwm&r@w&. y, DLP messages can be used to attach

T s T oo PP Ao e ebain B
based erchéHgs mibtar P Aetiveefrane(sivesl $306.88ta fultovlSDKA changes the
LT S T -
spacing (IFS). The negotiation decides the amount of time allowed over a certain
period. The QSTAs 3305, 3310 may have to self police itself for higher priority traffic
(i.e. setting of backoff window and IFS). However, the QAP 3315 or the QSTAs 3305,
3310 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
REM 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-



non-AP station 3310, invokes DLP and sends a DLP Request frame
3320A to an AP 3315. This request contains the rate set, and capabilities
. wolddshhs3305, as well as the MAC addresses of the QSTAsP%ggésﬁ'&?,g,Q 7956
2.) If the QSTA 3310 is associated in the BSS, direct streams are allowe
in the policy of the BSS and the QSTA 3310, the AP 3310 forwards the
.DLP request 3320B to the recipient, STA 3310. 3.) If STA 3310 accepts
(hereipgfiersieishbarsdnliy's mrdesdpenaterthmengdhok asamotadreani directly. But,
a neighighcaantains ihe rate set, (extended) capabilities of the QSTA 3310 and
the MAC addresses of the STAs 3305, 3310. 4.) The AP 3315 forwards
[0200)he Bhp-reigbhss devBrysancadwTeendcsendlsr hetiehahcarbathnriso inform

o L T SUMSASHEL KAN e

powerg@es,) 381 cacabeapariodin L4 e tigeered) lof smoievitytiviy expnpctivity of any
. C letion of the application. Eagh QSTA 3305, 3310 restarts a.timer. . .
device B e Y A B GRS LT AgBg mitiated by

one of380dkibese are no packets received within the timer expiry, the QSTA
3305, 3310 will send the megssage to the QAP 3315 for DLP teardown. All =,
0201}ne %& RERTHERDAR SPRIRS BB DRPHATRGT 0 510855308 qo b} the devices

infornBEib EIBRIIPIPGUIIRR ap PRI RIIAEH LRk fRIBIA HaBef'Ss a broadeast

using any of the access mechanisms defined in the standard. The SSTAS

and/or;prapegatemiy 4k seseng ek AcighbaERdbd camdedaddirretsd mReket only
betwedihe 3340 MAYrae M YRIIG SN e Heo BRisiy 6rileYilad hat need to

enough bandwidth or use polled transmit opportunities (TXOPs) for data
be told Hermedipistacuse:Heehaaksth isrem heantbminagsmissipn@ad the ones that

NG RTSICTS op:4h ism.desaribed in 9.13 of the | 1le
could SRS AiE e O WS RedSUHS CRRIB only  the
transrritdifegidgvith #rel dheatdieivingstrisspnecid 1051 TomnQBEN 3885hIsesdevices.

following. steps to get pglled while DLP is.setup,with , anoth STA 3310.
et a0 b RSP GG TigE 1o i smd they
cannoR8E0AO SAGHIGT W te200%/085 9Fhe receiving device needs to tell its neighbors

that the medium is in use and that éhey should not transmit. This may require some

handshaking, but it will yield better overall medium efficacy. )

{0202} Possible information that can be communicated between devices include, but

are not limited to, BW requirement, transmitter or receiver, frequency band, preferred

modulation mode, subcarriers, MIMO enabled and code, or the like.

[0203]  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 ﬁew 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
-39-



paragraphs), the QSTA 3305 negotiates with the QAP 3315 (HC, hybrid
coordinator) to gain TROP that it will use to send the data. There is no

woegtaton between QSTA 3305 and the QSTA 3310 regardégq. US2005/027956
capabilities during this period. This time is solely negotiated by the 8%169,& ’
3305 and the QAP 3315. The QOS Action frame is used by the QSTA

. 3305 tg send the request for traffic stream (i.e. time) and QOS Action_
services{applicaidanhy iHd @rprrian iy susp atherseld RPffosyikas wilk disrupt other

servicastHeduhaakallis nolgesis el afiek PL R sAlURA5 4 IS dpgical way

of negotiating BW once the two STAs have exchanged capabilities.
[0205]01 B Histymias eambrslored s Tesees archangerbatrinesroshbntehsmitting

[ e n Xi service.interval, Th .
roies ] SRR A IR EAON Wi, e
carrieQ $e41381€y, browbhver theel(f8TA3305 sends the first packet to ACK the

poll from OAP 3315. It then sends the packets,to the QSTA 3310 whigh
0206 A L) FPA AR S0 INEHECEh Bk TRBIEP e 34:
[0207lone DideotrangisfitheaRETAN3.10 MAT Al et b QRTRA S306 (51 iQSalASIT the QSTA

3305 anpd 3310 may negotj ertain BW based on EDCA rules. QOS
3305 aRA s Iehal KnebS haon LDt AERRgb SIRE oAy WE QAP 3315 (a

messa@@‘%ﬁﬁﬁll&ﬁaﬂ&&lﬁﬁ&bﬂ‘ﬁ&ﬁf&inq{t*ﬂﬁ@%@ﬁﬂﬂ@@%@%@é%%ﬂ@'@@TA 3310, it
e

spacing (IFS). The negotiation decides amount of time allowed over a

respondshackowiidythesetssant Maws infmmpkipniodhe SHTHRIBsdtperwise, the

QAP Jiahespaariteiallic hessesingaiLackafioviadow W%@ug.oweveh
the QAP 3315 or the QSTAs 3305, 3310 are allowed to sendthe packets
10208 of idespreityardthe) QAder BHMsseridsinp o Htapaeod/amgher channel
. / T n d ckefs. t | other
et IR A0S QSO0 00 RO B DA Pk
This iidoentidivsetsafphit chéasignbfingr eqeiiedddr effinitstjveekebweer the two QSTAs

unication in.Ad hoc,Made, and includes im in the cucrent
so0s, SER T I0AE A S e O A B o
other (hBiAseriEiclandifaviditpRRMeprivalilahe AR:(QBINr @305 8ede)the DLP
0199] Each device maintains base of all the devices within a hop

Reque%ﬁ]agﬂ%e 8‘8@6&’@%&5\%&@ he ones that can hear, (i.e., receive
[02095ignBedsars 8820BERA 3885A: Not Changed.

(02101 Message 3325B: The QAP 3315 may decide whether or not to support DLP for
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 34008 (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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WO 2006/020520PCT/US2005/027956 (hereinafter "neighbors"). Two
hop devices are the one that are not heard directly. But, a neighbor can

» WORSEG/920T200] The neighbor devices can also send signals betyaenmaoh9se
other to inform capabilities. These signals can be part of an initialization
process, (when the device is powered on). It can be periodic or event

DLP sééi%?{eq‘HYS%Qmeo@%Q’é%PE&r@é}éimﬁé NELe) ggﬁ%‘li%@%ﬁ%%ﬁﬁ%fore even

also be a reply to an information request signal initiated by one of the
the DI—J’eﬁRﬁéﬂ?-[OZOl] Before running an application between two devices, one

9191 Or ' info ighbqt abqut the appligation. This .
022 e L g S LT iz pnd used
for STAsvahdeldhietsch sapieatHiratitedacketbhiyy bBileeartdeAParemitiatible with

ei here are two groups of devi t ne e told the
only T B T P e SRR e ree S P B0 oo tha
[0213] couFhpdlablpyEmsmillarcbihtoriess Wik theheeDROTHhE BT dtaies i¥e message
the transmitting deyice and the receiving device need to inform their

is modified-in 3 oy dear ¢omR REhRRG B nEhaib uters AegRupRsasse should

contairthg ﬂi@l@ﬂd H’fﬂéﬂ@v‘i‘ﬁ@k@ﬂ&’et . %BB@B@E@M@‘@EH&‘H it!?éf&i‘fﬁ_fﬁﬁﬁemgg@a e to the
receiving device needs to tell its neighbors that the medium is in use ang

QAP 33& thkpliews errpleimbantorars sapratibik o h QFEAhRiIdags Bat recognize
DLP t&4ll YslgPRlissquerall F%GHH sHficpgys eORLRASSINE ! i

can be co_mmusnigated be weg% deviceg i[cr%gllu%%,%u%ﬁ#?ﬂ%gt%?m?#gght%&%asmgmd
resourg/logatiomeniatagemind: esmusived] fedienci 048R op Bl £E

mogulafi casrier m %%%%Ied d o, like. [020
[0214] Thiggn%)?ﬁ%?%ggﬁéé%ﬁ%gn@agm on the reocl]‘l%e@é? 0 %%o h3er e\l?(%é{.agﬁéllte the
traffic denéearchreaskdon thisdlifmratidioinmupdate ISt Aowtmstatt aase WD CA or

appligation. New Device send roadcast message to the neighbor
HOCAS RSP AiE FARESIAEah, Q5 HE TR At KT GECURA SEUR ™ Che prosent
inventihandelsaire ibeit shad fAIRateH Papkess as well. Upon reception of the

reqyest, vice in active section sends the informatio ck to the
02151 et e B s %&W%qam&ﬁ%&éa%mg@ﬁ%éﬁﬁw MRAsare
contenl?ERPEITRR thi TEW dayiees0als Hie infaunatien bral Jeside-Ladiseditlocation
. information to optimally allocate resources for starting the new %%pllcatlon.
informajgr is sent in the broadcast following the open MRA. e Request and
Response IE needs to modify to specify peer-to-peer communication and addition of the
MAC address of the QSTA. 3310.
[0216F  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
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-39 WO 2006/020520 PCT/US2005/027956 services/applications will

have priority over others. These services will disrupt other services (if
WOrEgaiteth0An example of this service is VolIP for 911 calls. [G2061:31@s/027956 -

disruption can be done by message exchange between other transmitting

nodes to stop their service; and message exchange to re-negotiate the

idih, iQr uenc li 0206
the QY AL P S ST YRR S H A K ML CHER BoPRheACK s
negotidiisd dadryerit b QSTASINO AL, B e QSTA 3305 (optional): If the
QS wants to, search for.the QSTA 3310, it.sends a message t
10219] o N R R TP o R S0 TR T i RS e AP 3315
assignavlaseaiotircQ&T4r 884 GpinrdERANsE-Tealls witbrthie, Rigvant MG cation message
information to the QSTA 3305, Otheryise, the QAP 3315 sends a failure

(broadgpstngssaid idubheearIBLRG At Rk FRealinn trasehislp dha current

buffer 38Q8psenRgsreniimahRiiY, e ardigsaiher rhasnehPurltginfaratsn
between itself and the QSTA 3310 in the DLP Request Packet. This

(0220] nfofrddi ik bbanbarieer rend sexvines Farprtesavepaddh sprsie needs
to listeR 24 Afe $28adAdCn LY JISIERING IR NS KansIASSIORSdRN B3{ A3 Peaming

to the QAP 3315 or other QSTAs). If the mfgrmation is not avalilable, the
and/or wiosssantieddver Rdqioseedielistim s BBsclhe KISTA is expected

ta e 2 R D ok to support DL for the -

[0221] QSFas 36pppa3a0 demeedre shincition el ndalitohetatben Hefdveoo StAmg DLP
setup GBI Sh S RSP LR T BT PERAE AN Ut rn open
MRA. e QARSI niae! ety {MR AN OHY ¢AQRTAR BB06UBEI0 to communicate

) standayrd). [0211] Messages 3400A and 3400B (optignal): The QAP 3315
with eﬁ?iw?@a&e 1§ %f’ﬁ’%ﬁ"ﬁéﬁk?é’[r’fw’i‘eﬁlﬁ%ﬁedﬁ hssiofaftye measurement

inform@QaAYENBRDbIRK® RTGAI383 (F1B51ReQ810083 05 RRAP B3 Hasigned MRA.
sends the information on the capability of the QSTA 3310 to the QST

[0222] 330bhe RSP 4 B8R 081 adpe FembaBa ek etelivag B 49 theiRSTACH A an open

MRA. ﬁgb%%@%@@%@%%m 01@1%@9’1%@@%0%%91 $BASSAEE information

in an open MRA. The measurement packets support the mechanism to get information
on channel quality (CQI) and state (CSI).

[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 @STAs 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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message 3400A and 3400B may occur before the message 3325 B or
during an ongoing -40 WO 2006/020520 PCT/US2005/027956 DLP
» WsemgiomsThis will be useful to get the MIMO capability informggiprnbmtarer 1956
even the DLP setup. [0212] Messages 3400A and 3400B are optional
and will only be recognized and used for STAs and APs which support
10225 this added capability. STAs and APs compatible with only IEEE 802.11e
DLP will not support messages 3400A and 3400B. [0213] The QAP 3315

is allAwtibio XzidMmitee DLP. The DLP response mel¥begeiiggmodified

+ Uaonart A hhw, th OAR
to-attow-tear-doywn-by-the-QAP-3315.-Fhe-bDHP-tear-dowpmessage-should

contain a timer-after which the QSTA 3305 should sedataﬁéﬁ

2U AARARASAS A

- message to thg QAP 3315. It allows complete backwaidrcprapaHRATY. A

QSTA-that.does not recognize. DLP tear down message can ignore it
This can be in gny access method (assigned resourdéldideardaymn

managemengrgggpurce affocation; HCCSor EDCF) 02 IS the
responsibility of QSTA 3305 or the QSTA 3310 to negotiate the Traffic

stream (i.e. resource allocation in"BableaBe). If a QSTA wants to use

EDGA or, HCCA, it follows ocedures defined in background section.
[0226]In the &ré%@%??&%%ﬁ%ﬁ??&i‘%f@%@%&? A& ?0%1 hg steps: [0215] The
[0227]QS TALIBWDisends ihR eemieest ERAL sedlds apenPMBAS. RPAPMRASHRe MAC

coniention periods for BW request by the associated STAs. The resource
adc}re%@ﬁ%&#‘?&ﬂiﬁggf BB IR G B RFHLE RISHTSg the open MRA.

[0228]ThelRERUBHCB9ErRRE aﬁgel:%m%?éad@%%kt&mﬂmsaﬁmg%%he device.
communication and addition of the MAC address of the QSTA 3310.

0229} 07 Jek b saurawmIcearhe it thiordiplhsiprded fmdOE Meartysyn by the AP.

The frasdORA Jeite-IgiQORIRIRERNRE A PROJCAUANARE (RIPESINGS the DLP
BW accordingly. The QAP 3315 responds back with the BW allocation

teardqmma%mer bl witikT Spptisiien has resources allocated over the
o208 SRS ARNAT AR AR AR s
and cqg2if]dtbenclRfaeblibatiactchistiofoshvetion thotoad 85544 every EB.

[023 lﬁﬂﬁslﬁ‘ln?eoe eeiggégeeﬁgn% '%eaﬁggéh th i(gl’sl Ti %%:(1)5 o8 ugheig Sa-.r(fagé 1?'61‘ 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.

[0285] Each node is connected to the AP. However, all the traffic does not
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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
WQhefifgtopicket to -41 WO 2006/020520 PCT/US2005/027956¢haiQsiMA27956 «

3310. The QSTA 3310 can respond back with the ACK or Data+ACK as

negotiated between the two STAB 3305, 3310. [0219] For NRT

ication, t veryssimilar s However. th P 3315 assigns
L N
other dizsstiyevithont castimesthgéyaffic timy gdsigfe T here shelvakirafibntieo ways to

R Y e ST T

abovesupported over a DLP session, needs to listen to the broadcast message

fter the open MRAs. A QSTA, that has streaming and/or RT services .
[0236Eup 558 overPR BohERHE RuibRARRE BE UBLISTE sl dhe dollowing steps:

[0237aWaloibthsenehesd vied draavp SRS e &%@iﬂﬁ%ﬁ?&%%@ﬂﬁlﬂ?'(}hanne}
e

estimation and information before or during DLP setup (optional),

inforrepdion digsédroneiti thecdprtinphioretd Beeltsap ThesAl haspdanmizareceived
1nf0rxﬁ§ﬁcﬁa’%ﬁ1§éét§1&é€%qﬁi'%@twgéﬂst@ﬂ%g§%§tﬁ%9§%hﬁ%&?%%é E};hrough the

communicate with each other. This inforr:.aation is sent in the ne

AP. IheqindeThesatbasuthmeignafctrengih ibalonedadheotive Quieg3161tent network
' ssigned MRA. [9222] The-QSTA 3305,cal .
oad, R AR T B L R AR e to st

resou@SH//GA aceessimticha ssib-cne @SFAIRRAnas Serthibiminfertiaid based on
in an open, MRA. The measur nt packets_su t the mechani (6]

the refERLANT ST T HIANS (O ARSIy (58595 M e Node 1

and N&d22 dadtbe Q3 s8R0 aséidsthit pacist enlentnedkehie th€ofdei o that they
3310,in an EDCA and then informs the QAP 3315 abqut channel quality.

are awqre therasqnres 191 ddkiohaemearhe R asshby: winads aekdrall fignodes or

by refA&iAs ABPRIB3LA wurneAale HAgeieidsnasiicalyiiar RB) M€is not intended
channel feedback to improve MIMO data rate or PER during QAP to

for thejs vpeomhiamEaTionts athnmprsleTiom SEE bhe FpOK BREP AL

ossf e S BB MRS s o
the Alhbas higher priority than non-AP STA. So the AP can therefore grab the wireless
medium to administer management functions to regulate the usage and access 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 tranemissions. 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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formats. The Action field values, associated with each frame format are
defined in Table 6. -42 WO 2006/020520 PCT/US2005/027956 [0225]

» W(ABteiReld Value Meaning O DLP request 1 DLP responsep@siatduos/027956
teardown 3-255 Reserved Table 6. [0226] The following Action field
Values are added. [0227] DLP Discovery Request: QSTA sends the

messaPBEHE! LR 0%%%%&8@%}?9%’&% Q{JHSS'%’ E%%s%%%g%%ﬁ%ﬁé%“km’

equirements. [0228] DLP Discovery Respons

resourppiadi rdies safubetd éwiqml OPROINBL RsTrars cupofiadibfidcba fottat figldequests

is added for DLP Teardown By the T.he frame has ipformation,filed
04 e AL 5 STMM IS R SaLAMGI FRECRAGiSTy: Tn the
slottedAIBvuthisdhai itne SOA30 dobBs RequelelmmdifiediunAddiinnahelerdanh packets

11t send optimal PHY data rate and certain other channel characteristic
(smalllata packess i sopaee @%ﬁﬁ*ﬁvmm@?ﬂ%mgﬁaﬁwﬁm requests).

The wiigdnadigehfes BbRIMeasyBmsorRed @@S&J{QMH@&B@%@&%&@&?&&M and
QSTA 3305. It contains the capability information of the QSTA 3310.

transmisyions erevbasipd ekt Rethehsginging abihosl9bss added for DLP
[0242]MeaghremeRLRESANSAE AP Qi kM 3305 Ig}ﬁegetfa%l?olg)w_ls;A A back off

contains measurement information and the MAC address of the QS

countez3sonintEprd/aeqobsi PAcied irdessanenbedetenirgabfdrpeniding packet is
) transn-lg?:@e@ %%é%gbw&%ﬁgﬁﬁgﬁ&%o%ﬁ%m%per g LQ&Yogfcguvéﬁ ei‘ lBS\A({hOSGIl as

esponse Element, an ve m 0 orming

a unifoentizlidéstibnirederaitde4] Eackatbyvifmmamteinseantiatabasadifvall hethe first
attemgg %llia%ecsoﬂvii;gh 1fr)]1if Qvitnc orx],vdiisr,esg%o a minimum contention window. The size of the
contention window grows with the number of retransmission attempts until it reaches
an upper limit. The rate at which the contention window grows may also optionally
depend on the priority of the traffic. For example the smaller the access delay
specification of the traffic the slower the growth of contention window. Controlling the
contention window based on the access delay specification allows better management of
access delays in a slotted Aloha access under high load situations.

[0243]  There are two possible methods for the AP to send acknowledgements (ACKs)
to the transmissions from STAs in the reservation slots. In one method, a collective
ACK frame 3505 is sent at the end of the MRAP as shown in Figure 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 latér 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

45-



communicate and also which devices it can communicate with though an

AP. The AP can provide the database of available devices available
wdhoosigiuibe AP. [0235] Each node is connected to the AP. HoweNRbalius 7056 «

the traffic does not -43 WO 2006/020520 PCT/US2005/027956

necessarily originate from and to the AP. In this case, the two nodes can

ldt Ik to each other,directly withouyt sending the traffic,through AP, There
Would , RaRR ShOS AR UK AR AT SRR 05 doRyBPARtPaIaifsEd As that

succese QNP LEMMEBIRIAHISR ABIRSE oARRR IR Z6b Y AloG AR CIMEGS TS that were

can pe done by using some or all the following steps: [02371 Nodel sends
unsuceessiaharedqmetapnimi bieiraperkrtsowi Rejthebadnafsennter. The backoff

countéP%rH&EL@&&iE%@_mt&&P&gﬁMﬁ@ or the like. The AP based on the

received information Can deplde to let the two STAs talk to each other
[0245]direbayle IHBHSH0MHS Lnpericdrebahtisesreasighel tupreyenbétwaemissions
: : nt netwaork . loadAP._activit ahili e\two ‘s
i e A SR RERE T BRI W oiding
The guiard, Suteoaxyieisedr dependasiforihihe physttahyibasédlon BEE, the drift of the

irement and what,s .available. This jpformation js, se both the
local A R R e I B A e L B19SR R Re to e dast or slow
relativareédribenécadcihal. ity prepupard dheledaguneasishawesan Taeisedfidnt impact
requiring all nodes to monitor

.informed, by broadcast to all the nodes or b
especiRy AR HLTOREEVEN i LG 2 hu TR tRey e dhe RC may
estim YUY IMBRIRASRO SR MBI ENR SARR AR IESEI8B88MH NUFRIESY between

LANSs the access to the medium is typlcal%ﬁlstrlbuted. However, the AP

two schadulpreppHbasmaaksiaa e EBs. ThaRCaparnalnsalratgapand time based
on th@ﬁ%%lﬁ%%f%ﬁﬂ&%éf%ﬂﬂ&%%ﬁ%@@gﬁW&MMMJEQ@?&E@& of the SRA

usage and access of the ess medium by'the STAs. In the present
or MSRdemmdharmperiams. (Hiowieskaplnctenyuie-stabitnS B mwssigiangnts may

- DIFS in |E J1e WLAN standard).and transmits a proadcast .
roquix? IONRL R 08 Yo R NAIUEN, SRR HRSE e gomo while
accomealiotatiog sermd @viRAR) Seakdalltimésr data packet exchanges and

request/reservation for. polled transmissions. During the MRAP.a slotted .
10246 R S O PO e RS R S IHET iy St 28 e available

bandwidth resources. Admission control may also be required to guarantee QoS. The
RC can either implement admission control in the network or defer such admission
control decisions fo another entity. Admission control may be standardized by IEEE
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.

{02471 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 3710 (step 3712). The AP 3710 broadcasts an EB which has
information for the IEEE 802.11n STAs about the allocations in JEEE 802.11n period
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[02391 In the broadcast message from the AP for MRAP, the MRAP
parameters such® as type, location and duration and the slotted Aloha

=  Wpasesretars shall be included. The type could differentiate beive€82005/027956
MRAPSs used for associated and un-associated STAs. [02401 MRAPs
allow associated and unassociated STAB and AP to exchange -44 WO

20, 20520, RCTUS2005/027956 messages in a contention mode. The
such a&a@%ﬁcﬁﬁ@%ﬁiﬁ?@sﬁ&ma packets, resource allocation
[0248Yequisledacpaliest fieibamissiantlads atiatiarPrsid dirions eieesisperframe by -

[0241] The access mechanism for an MRAP is a slotted Aloha
ﬁansmmﬂmﬁwrgwwhéhﬁé@ﬁaﬁmw e dTiranapupess the CFP
therewegmbwﬁhgh@&ﬂ@tmg%ﬁﬁmhgﬁiﬁﬁﬁ%@tﬁﬁﬁgomae BUPLMIONTT Jegacy

requests, associationfreassociation requests). The wireless medium is
operafipndisiptsarperderdirbe haares meedapeipasiat duration and

[0249fransAizSIAne arp a8 dRRlYAEHIe QRIRIRY £ RestoiselQR4APR 3705 reads

exponential backoff mechanism is implemented as follows: A back oft

EB todeomteNESRAistiered 6l 8hcRISTATA 3T datrorsentan MBRAstotsend a resource
din etis tra itted, when the hack (o{0) bego

alloca B 8 B DBt BT AL e sends o

resourfrena Rooahientioryuest dw. tinet ki (57 18ttietent 8E280ntERtARIBAAY iRceives the

set to,a minimum ention i The. si f the contention windo
requeSEAA ATRHRRE T e G P A B H R PRGAERS S edgement
to the §her (individedhiecatentlicttine PiRp RN dtve JBVEY DlephalsBroadceasts an

ptionally .depend on the priority of the traffic. For example the rglallerth

op : ) S
BB whigheanipigg tsdaiamanion 1% SRIRRRR! FUSRA 675, The STA 3705
reads ¢BREIRIAR VIS Rt WRAthe, copiestion wirdey Dased ThESTA 3705 may

access delay specification allows better management of access delays in

optionaly, aagen B ricacies adecimiit sl RidsrasieTeseten 832/ The STA 3705
reentd2SE0Ie MERRASIIINEAR 18 S8RdiaAKAKIEIIRIERIR. KD 49488 as the AP

transmissions from STAS in the reservation slots. In one method, a

3710 swirideveer Tk vitimef3805 Elded7AGHetend3ittle MidAP istshoamitied on the
. _Fi Thi CY ted). ACK I de.indiwi |LACK
L e
assigriranShis $ésverf @ G (REASTHARY fssendscmsiokd of itnansotia tefipd Gidéch tor to the
ﬂ)(}tp% AP gvﬁm tlf? %amﬁ?s!,ﬁla& shown in Fi%urf %@ This . . . ..
AP 3 steps 5' the receives an end of transmission indicator or no
activity detected within DIFS, the AP 3710 reclaims the SRA rescurces (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 orin
various combinations with or without other features and elements of the present

invention.
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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 Al' follow later 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

-45 WO 2006/020520 PCT/US@&%%G would have the

association/reassociation resp unassociated STAs that

successfully transmitted their association/reassociation requests. The

STAs that were unsuccessful have to retransmit their packets using the

What is gaokafficounter. The backoff counter is decremented only during

MRAPs. [O%g?? In the IEEE 802.11n .e%od, %uard times are needed to
Lorev AR S RUERE 0 BRSPEE AdiARERTCHRAUIRE TR e Yo SattiBisthod

(SRAzenMESRAS) from colliding. The guard time required depends upon

the physical size of the BSS, the drift of the local STA time and the ideal

brgasisastifrbartiestPraceb akaditrd arsamayhe fast or slow relative to the

[ ime. T ' a e_an insignificant impagt. . -

Ao B S L I et s shore
than the fitwt RErw#dy estimate a single worst case guard time for the entire IEEE
802.11n period or between two schedule announcements via the EBs.

The RC may also calculate guard time based on the nature of SRA

zasggn%% to@%%séES}% 9 %{_dgc%gzanmc@ g%dﬁgse P %?ﬁl c%nn(%f the %1%% Wan the first

M In the superframe. For example, the qua5|-s€fa ic SRA assr"énmentts

beacon. may require longer guard time to keep allocations over superframes the

same while accommodating small drifts in beacon times. [0246]

Admission control may be necessary to efficiently utilize the available
Jbandwidth resources. Admission cqnirol may also be required to
G S A BHes H iR SRR ontro in the

network or defer such admission control decisions to another entity.

Admission control may be standardized by IEEE 802.11n or other groups
ar Meyrhatel idrcksnddwhplemgstitonhaidhe sehpdidenn ThaeiigsiciBment,

cantrol depend on available channel capacity, link conditions

and whefgh e SIS, T ORE EIdee UCTERIBRG BSrl emarAffe GHSa.
Any stream

5. The method of claim 1, wherein the first beacon and the SB are transmitted by

an access point (AP), and wherein the SB includes information on a location, of the AP.

6. The method of claim 1 further comprising sending a measurement request to a

station (STA) for requesting physical measurements.

7. The method of claim 6 wherein the measurement request is received as an action

frame.

8. The method of claim 6 wherein the physical measurements include at least one of

interference, received signal strength indicator (RSSI), path loss and channel quality indicator
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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 3710 (step 3712). The AP
(CQ). 3710 broadcasts an EB which has information for the IEEE 802.11n STAs
about the allocations in IEEE 802.11n period -46 WO 2006/020520
PCT/US2005/027956 such as SRAs and MSRAs (step 3714). [0248] If
legacy operation is enabled, the AP 3710 begins the superframe by )
9tr§ﬁ§ﬁﬁﬂﬁ%@%f [EgHR P BENESH. A ARONEE RIS SBEBHI S PCaHRB fRBER DS

informaieh@EER theseRypreysntingdegacy STAs from transmitting during that
period. If legacy operation is not supported the beacon need not exist.

[0249] When the STA 3705 wants SRA resources at step 3716, the STA
705 reads, EB ta lgcate MSRA (ste 37l8i.T_eST.A 705 chogses an
iSH GPELRE £ TeSaPed. Mo teAiEL: JET U BRRE Ao ts 1ot ohe of a
transmiti@re Ghanifon, (atepcdif20)idEheBT, A IfA T sendatente Sdurcdial|ogatiofive antenna
R () the AP 3710 (step.3722). The AP 3710 receives the request
denified S R R0 SR 3 BB BF e sends an
acknowledgement to the STA, (individually or collectively) (step 3726).

The AP 3710 then broadcasts an EB which contains the information for
lihd BRActusigrnsbm(Steh S72siurther STNPBROE: readsniienER spatikhpovket to

indicate %&9 A &ﬁﬁi%@% EQG%E ep 3730). The STA 3705 may optionally
enter a standby mode until th€ SRA is assigned (step 3732). The STA

3705 reenters to an active mode upon the assigned SRA beginning (step
3734) as the AP 3710 awaits for activity of the STA 3705 (step 3736).
Lpakhqdnratushatiedioh thaha SEREISRE (step 3738). If the STA 3705

sﬁg{]}gﬁfﬁgpgﬁ&%ﬁi&ptg@%ﬂend of the assigned SRA (step 3740),

A 3705 sends an end of transmission indicator to the AP 3710
(steps 3742). If the AP 3710 receives an end of transmission indicator or
no activity detected within DIFS, the AP 3710 reclaims the SRA

Lresblifcasste plaramy whara the SToBRbremEH RSBy B chith @1IMO)
capabilitffaxtsRAdegation is read from the EB (step 3746).

14. The method of claim 1 wherein the first beacon includes information regarding the

SB. including at least one of periodicity, frequency band and subchannel information.

15. The method of claim 1 wherein the SB is transmitted at a higher data rate than the

first beacon.

16. A high throughput station (HT STA) comprising:

a recetver configured to receive a first beacon at a first interval, and to receive a second
beacon (SB) at a second interval that is shorter than the first interval.

17. The HT STA of claim 16 wherein the 8B is a management frame.
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[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. -47 CLAIMS

hat is,clai is: 1. A method for contralling access to a,wireless
ol R R S R e s
informafR§asRMaka distinteryatharbhieadaasing A sesontREReOR PR clement of

information at a second interval, which is shorter than the first interval. 2.
the first §¢48%Rethod of claim | wherein the SB has a different periodicity than the
first beacon. 3. The method of claim 2 wherein the SB is a management
frame. 4. The method of claim 2 wherein the first beacon comprises an
tinfornigiioH EIg et chime WheieirethehS B haschideasifarparianofibéng
information element of the first beacon. 5. The method of claim 1, wherein
the locatinn ¢ &f BRAEBRCATAHP B 4 transmitted by an access point (AP), and
wherein the SB includes information on a location, of the AP. 6. The
method of claim | further comprising sending a measurement request to a
26tatiof (S TA) $draedquestinysphisieal measuiesentarthed fanfiethddof
. claim 6 wherein the measurement request is received as an action frame.
receive agMeRAIFHEANOSCOHERAITE WharesstReHySodersuerensatesiselude at
measure tone of interference, received signal strength indicator (RSSI), path
loss and channel quality indicator -48 (CQI). 9. The method of claim 6
wherein a response to the measurement request contains information

lelsed ffﬁeaﬁtﬁgﬁccﬁl Igg?gloib wherein the measurement request is received in

an action frame,

22, The HT STA of claim 20 further comprising a transmitter configured to

transmit a measurement response.

23, The HT STA of claim 22 wherein the measurement response is transmitted as

an action frame.

24, The HT STA of claims 22 wherein the transmitter is further configured

to transmit the measurement response in an action frame.

25. The HT STA of claim 20 wherein the physical measurements include at least
one of interference, received signal strength indicator (RSS1), path loss and channel quality

indicator (CQI).

26.  The HT STA of claim 25 wherein the physical measurements are used

for antenna calibration.
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10. The method of claim 9 wherein 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 is used for
antenna calibration. 11. The method of claim 6 wherein further comprising:
transmitting a special packet to indicate support for antenna beam
2%Feer'%e%ﬁﬁ%m/§£ﬁ‘§’§%§l%@ %Jgﬁtehx%r SPLHNG: e E ”%Jéﬁ‘{”g
information to a STA. 13. The method of claim wheréin the Includes
receive dpliidad pagt Mo ply -@utMIMAQ) LRpabilitdnfaneaiitnedidnd he method
of claim 1 wherein the first beacon includes information regarding the SB,
including at least one of periodicity, frequency band and subchannel
imformation, 15. method of claim 1 wherein the SB is transmitt a
2 et e R S R SRR
comprisingA) comprising: a receiver configured to receive a first beacon at a first
interval, and to receive a second beacon (SB) at a second interval that is
IFRAVIBE thEFs RS IR Mt il iterideand STA of claim 1.6 wherein the SB
SAHINPLRBIEIREE s %D LIRS TA ARSI (e frst
eacof comprises an information element, and wherein the as a
interval.least a portion of the information element of the first beacon. 19. The HT
STA of claim 16 wherein the SB includes information regarding the
location of at least one access point (AP). 20. The HT STA of claim 16
Jyherein, e dgeaiuet is yabenconfianredo; regeive g measurement
request from an access point ?AF% tor requesting physical measurements.
21. The HTSTA of claim 20 wherein the measurement request is received
in an action frame. 22. The HT STA of claim 20 further comprising a

Mansmierediihoretite Handsinia Wrebstirsne respvitss an

information element, and wherein the SB has at ieast a portion of the information element of

the first beacon.

31.  The method of 28 wherein the SB includes information regarding, the

iocation of at least one access point (AP).
32.  The method of claim 28 further comprising:
receiving a measurement request from an access point (AP) for requesting

physical measurements.

33.  The method of claim 32 wherein the measurement request is received in

an action frame.

34, The method of claim 32, further comprising a transmitter configured to

transmit a measurement response.

35. The method of claim 34 wherein the measurement response is transmitted as an



'23. The HT STA of claim 22 wherein the measurement response is
transmitted as an action frame. 24. The HT STA of claims 22 wherein the
transmitter is further configured to transmit the measurement response in
an action frame. 25. The HT STA of claim 20 wherein the physical
measurements include at least one of interference, received signal

action AtENAth indicator (RSSI), path loss and channel quality indicator (CQI).
26. The HT STA of claim 25 wherein the physical measurements are used
for antenna calibration. -50 27. The HT STA of claim 16 wherein the
receiver is further configured to receive a special packet from an access

3Boint (AIsyRsHhoctehliBR Am distsim ORYRIRGIRGR RSP BERBISHYds at least one
of interf¥féRiesfeaRNURisAtiaR-MediumcAne RSN, SOMPESIAY HRRANIRGRirst
. .. beacon at a first interval; and receiving a second beacon (SB) at a second
indicatop{fRAA| that is shorter than the first interval. 29. The method of claim 28
wherein the SB is a management frame. 30. The method of claim 28
wherein the first beacon comprises an information element, and wherein
3the SH hasethiedst al partitinvdidieenitfoshation] elemantiaénthadirsted for
beacon. 31. The method of 28 wherein the SB includes information
antenna calREEHOL- the location of at least one access point (AP). 32. The method
of claim 28 further comprising: receiving a measurement request from an
access point (AP) for requesting physical measurements. 33. The method
38f claiirh8 hwrhedeii ¢hénmbbfutbenentmadgiagt is received in an action
frame. 34. The method of claim 32, further comprising a transmitter

USRS MRS s SRORET B A aiyh Eame.

39.  The method of claim 28 further comprising:

receiving a special packet from an access point (AP) for antenna beam steering.

40.  The method of claim 28 further comprising;

receiving timing information from an access point (AP).

41.  The method of claim 28 further comprising:
receiving multiple-input multiple-output (MIMO) capability information in the

SB.
42.  The method of claim 28 further comprising:
transmitting multiple-input multiple-output (MIMO) capability information

indicating the MIMO capabilities of the HT STA.

43.  The method of claim 28 wherein the SB is received at a higher data rate

than the first beacon.
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35. The method of claim 34 wherein the measurement response is
transmitted as an -51 action frame. 36. The method of claim 32 wherein
the physical measurements include at least one of interference, received
signal strength indicator (RSSI), path loss and channel quality indicator
(CQI) 37. The method of claim 36 wherein the physical measurements are

sed for antenna calibratign. 38. The method aof claim 34 further,
oo DR DRI R e A B PR SO RCRTHI ek arguehput
(HT) staB8n.The method of claim 28 further comprising: receiving a special packet

from an access point (AP) for antenna beam steering. 40. The method of
claim 28 further comprising; receiving timing information from an access

JRoint e ng.sngﬂgtlrggﬁ}t%g @&ﬁlﬁﬁg 28 further comprising: receiving
ultiple-outpu

multiple-input ) capability information in the SB. 42.
athesnetlo doeligiaisd 28 durihief: cofnprisinginansmitingmultipie-taput
_multiple-output (MIMO) capability information indicating the MIMO

transmit &355B1i &6 P BiTasaraecand THe viabtheld oslasivn henthe fem thesa.is
received at a higher data rate than the first beacon. -52 44. The method
of claim 28 wherein the method is performed in a high-throughput (HT)
4stationTebA Ab fadaRss Peiit (AR eopiplisingasafransmittemeonfigured to
transmit a first beacon at a first interval, and to transmit a second beacon
(SB) at a second interval that is shorter than the first interval. 46. The AP

491 i, 45, WHeLeIn 1 3B 5 A TGOS AN o F g A ©f claim
45 wherein the §B as at least a portion of the
information elements of the first beacon.

48.  The AP of claim 45 wherein the SB includes information regarding the

location of at least one access point (AP).

49. The AP of claim 45 wherein the transmitter is further configured to transmit a
measurement request for requesting physical measurements from a high throughput (HT)

station.

50.  The AP of claim 48 wherein the measurement request is transmitted in an action
frame.
51. The AP of claim 48 further comprising a receiver configured to receive a

measurement response.

52. The AP of claim 51 wherein the measurement response is received as an action

frame.

533, The AP of claim 48 wherein the physical measurements include at least one of

interference, received signal strength indicator (RSSI), path loss and channel quality indicator

(CQI).



information elements of the first beacon. 48. The AP of claim 45 wherein

the SB includes information regarding the location of at least one access

point (AP). 49. The AP of claim 45 wherein the. transmitter is further

configured to transmit a measurement request for requesting physical

measurements from a high throughput (HT) station. 50. The AP of claim

48 wh e|n e measurement request is transmitted in an action frame.

7 THEPREAS e B TortHEH T B & e OB CRRRELFER YorfbCeivaenna
oaiibrananmeasurement response. 52. The AP of claim 51 wherein the

measurement response is received as an action frame. 53. The AP of

claim 48 wherein the physical measurements include at least one of

terf CR & signal,strength indicator (R ath

éc?hanﬁ?% %u% ty?r? %g‘%o?l(%s f g%%% e Rp' (1 ?r&r# W él%gmtt% g special
packet fphysiesnteasuseerarngs are used for antenna calibration. 55. The AP of

claim 51 wherein the receiver is further configured to a special packet for

antenna beam steering. 56. The AP of claim 45 wherein the transmitter is

Furtpge copfiqured o 1ansmita %eﬁ@sﬂﬁ%?tlg%%raéyﬁﬂ%&e%mmmﬁ a

. steering. -54
special packet from for antenna beam steering.
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