[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 [0005] The IEEE 802.11
working group, Task Group n (TGn), has been setup to develop a new
wireless standard with a data rate in excess of 200 Mbps to deliver high
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service access point of the MAC layer under the curreni IEEE 802.11 wireless local

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

{0007] SUMMARY

0008} The present invention is related to a method and system for controlling
access to & medium in a wireless communication system. A MAC architecture builds
upon the existing IEEE 802.11 MAC architecture and its TEEE 802.11e extensions to
provide higher performance. A superframe structure is defined in time domain to
include & contention free period which has at least one scheduled resource allocation
(SRA), at least one management SRA (MSRA) and a contention period. An extended
beacon (EB) incl}lding information about the SRA and MSRA is transmitted for. The
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and is more efficient for real time (RT) traffic than required by IEEE
802.11e while maintaining full compatibility. 100091 The present
invention eliminates a hidden node problem. The present invention
provides higher performance for NRT services, better stability and a
higher number of users or a higher throughput than required by IEEE
802.11e on enhanced distributed channel access (EDCA) for NRT
services, such as a file transfer protocol (FTP) or web browsing under
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[0011] The present invention provides backward compatibility with IEEE 802.11
MAC and its IEEE 802.11e extensions, as well as with IEEE 802.11k

0012] The present invention supports efficient physical (PHY) operation through
orderly back-and-forth transmissions that enable the timely reception of channel
quality information (CQL) used to determine coding and modulation rates, the use of
channel reciprocity or, if necessary, reception of channel state information (CSI) which
may be used to optimize transmitter operation, support of hybrid automatic repeat
request (ARQ), and enhanced frequency hopping (optional),

[0013] The present invention incorporates a flexible design which supports
different types of PHY interfaces including, but not limited to, multiple input multiple
output (MIMO) and forward error correction (FEC) coding techniques, orthogonal
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data under the control of an AP and support of relay operation to extend
service area coverage and rates. [0015] BRIEF DESCRIPTION OF THE
DRAWINGS [0016] A more detailed understanding of the invention may
be had from the following description of a preferred example, given by
way of example and to be understood in conjunction with the
accompanying drawing wherein: [0017] Figure 1 is a block diagram of
MAC architecture in accordance with the present invention; [0018] Figure

' ol ] ructure with | Yy tion,i
e Ee SO Rt e, AR Rl e
high %B@Wfrﬁﬁér%ﬁﬂ%%ﬂ@gwmi orbiieha it ertamdabisity thider
baRREAMIRVESteRP020] Figure 4 is a block diagram illustrating a flexible
0 erframg structure jn_acgordance with the present invention; [00211
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daFagurder Sherdrtratefblock® mgl anpaftexfeniplosydiativg exebtn@dservice area
cm?&%@'&ﬁﬁ%%&& and W|thout_ACK, rgspec_tlvely, in accordance with the

present invention; [00231 Figure 8 is a diagram of beacon and EB
transmission in accordance with the present invention; [0024] Figure 9 is

[oeublock diagram BIEIEERTRANETOK TPRINE DREGPIGRRCe With the

[08 ent inyention; [0025] Figyre 10 is a bl %fédiagram of a resource

Dl o SRS s P AL e RSB Re od o he

fO%Wﬁpﬁ@mbdbﬁmﬁmeﬂagxmnpdé,agggm®be0&gmﬁ%% fal?meeo be
' I Invention: /] Figure 12 .is a bloc

ﬁ(ﬁgﬁ?gﬁ%%‘%&%@b oc %%QE%%%%@ Wi T%éu%%%%rr?ﬁlﬁvention;

10 38] Fighigus ldnaneskdingram of Ml surbitetivrainacospomeavith the

pré@Miciivention;

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

f{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 slotied Aloha operation in MSRA;
[06022] Figures 6 and 7 are block diagrams of exemplary frame exchange

sequences with and without ACK, respectively, in accordance with the present
invention;

10023] 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 & resource allocation request (RAR) frame
in accordance with the present invention;
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accordance with the present invention; [0029] Figure 14 is a block
diagram of a frame body of the resource allocation response frame in
accordance with the present invention; [0030] Figure 15 is a block
diagram of a general management frame in accordance with the present
invention; [0031] Figure 16 is a block diagram of a frame body of the
management frame in accordance with the present invention; [0032]
Figure 17 is a block diagram of an OFDM MIMO Parameter Set element

i, accordance with, the pr. t wvention;.[0033] Figure 18 is a .
{Og%z%ram ;ﬂ - Jol i%clgs% gfg%nﬁe%%%g ar%%lnvei?ﬂ fﬁe‘%r%lgegtgﬁkﬁ‘me -
achoyaamiesr w0 Miessret Igvndionock diagram of an EB element in
[ogggPrdance b b6 s RIS HaysrRtioRr B R AIOYIER IS 8cti@sHce with the

diagram of an SRA Schedule element in accordance with the present
PTRRSEH YR BR6] Figure 21 is a block diagram of an SPA Block IE in

foae8prdand@imith 3cispr édaddt divemiin nf DO@0hrig wil2dicnarbipaise frame in
ac%@gg m 9}[&% ReAé e%%g%%%&iilement in accordance with the present

Invention; igure 23 is a liléck diagram of an MSRA Block element

(08 cordakigarevith ine prederidaamtidre fooaebriyuet the resswerkrllocation
refiRgR oLk QRArcherwieelssaRkinBerIdace With the present

invintion;cg),MO] Figure 25 Eﬁ‘ﬁ‘[b ock diagram of each ORA Block IE in )
(068 rdancEHie the 1% Broleh HPEREDN CToB 48 TRt e8I irame in
addiadrme efigntRARtdBpeciicatitionE in accordance with the present

[dﬁ%’ﬁr.‘“or.‘; E@IO“ZJ gy %eg?&isdﬁ%‘&%ﬁ&@%ﬁ? %B&g%?ﬁ%“x%’e?n@é‘é’n%%ﬂ?ﬂamem
Notification In accordance w the present inv ntion;
accordance with the present invention;

{0632} 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;

00371 Figure 22 is a block diagram of an MSRA schedule element in accordance
with the present invention;

{00381 Figure 23 is a block diagram of an MSRA Block element in accordance
with the present invention;

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

with the present invention;

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



[0043] Figure 28 is a block diagram of a superframe structure for
simulation; [0044] Figure 29 is a diagram of simulation results for
throughput comparison; [0045] Figure 30 is a diagram of simulation
results for average delay; [0046] Figure 31 is a diagram of simulation
results for average delay vs. application data rate for eight (8) users;
[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
i m of direct link protocol (DLP) signaling in accordance with
Pr%%%%eﬁ%%ﬁ%\’/ention, [0049] Figure 34 is a block diagram illustrating
004Bssage BienwaR§evey ‘Hegk diagprnm efcup RARCEPatifiatidon BB dntaccordance
with\BetResdRPRAERIgE 35 is a diagram showing slotted Aloha operation

[Oq%%-u collecijve Kin gqgl; P.in accorgdance with the present invention; .
51] Fiﬁr@’fb 15 BRGPA AR & 5asePRts il eratiam P tifigption IE in
acepmdaadiatd tIALRK pnebtiRNBNensiegrdance with the present invention; and

2] Fi 7/ds a fl i f for SRA [ tin ..
off52 P8 ooyl o R ass B A SO AR e

OW#H THE Flere R pdagporirmvtsiqoosaplciedhaougiput comparison;

[0dgsminologyS LAY Rudes-hut i Aatlinied 10aIHSRE SAIRNARTR

0 ;é less trfnsmlt/éfc,elveé{inlt (WTRU), a fixed or mobile subscriber unjt, a
6& Ser, or &fBin BHRte Ya B B EPARHY % dVEAgEsdelay vs.

appheatdenmiznd rivhim eifbtrd) tedrereafter, the terminology "AP" includes '

0 is not ﬁ%@g a-Qagedﬁég;!&g,&li %lgt'g site controller or any other
[ %@e of interfacing evice in awireless - env}rgnrl{?g]ﬁ%%-lgorléawgﬁaﬁ%e By&em

thyapghnuiony asniiaiae date rETiar@ight(fouseyrsupport IEEE 802.11n

[084B] the terpnRlyisleancsk T Arrtefess d-sePRACOHRNGMG IS Y gin
IEEE 802. rﬁ; IEEE 882.11e._é0(_)55] Hereinafter following terminology
AP AR B R ETSPERE FETRUERRON. AP means any AP that is compliant

[00digh the pidigused4 sRbIBEA dgrataiibletta i mdaninterchangadeblyLP setup
m'%ﬁ%ﬁﬁ%p@&@ﬁ%&% (UT) STA), means any STA

10050] Figure 35 is a diagr_am showing slotted Aloha operation with collective
ACK in MRAP in accordance with the present invention,;

{0051} Figure 36 is a diagram showing slotted Alcha 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.

{00531 DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0054] Hereafter, the terminology "STA" includes but is not limited to a user

equipment, & wireless transmit/receive unit (WTRU), a fixed or mobile subscriber unit,

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

When referred to hereafter, the terminology "AP" includes but is not limited to a base

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



that is compliant with the proposed IEEE 802.11n standard. Legacy AP
means any AP that is complaint with IEEE 802.11 standards predating
the IEEE 802.11n standard and therefore does not support the proposed
IEEE 802.1In standard. Legacy STA includes any STA that is complaint
with IEEE 802.11 standards predating the proposed IEEE 802.11n
standard and therefore does not support the proposed IEEE 802.11n
standard. [0056] Hereatfter, the present invention will be described in
context with an IEEE 802.11n environment. However, it should be noted
enyREQIRETr derrafioh he HRmIRANER T o BRlFdRs S randigured to support
IEERS0R)DIGAIQDES Véienimabhs. Je@aof] STA" Mdstrd oarS Prdeiiywitd theupport
tinventi ilds, upon the existing IEEE 802.11 MAC architecture
m@?ﬁ@'ﬁéﬁ%ﬁ%ﬁ%@&%nsions to provide higher performance for
[0@igtivorks Whieinidftin del itz 8etiitnlegmmpilhbe AfditBa presehihénvention.

APYER 10,996 HaNGE NI he: REARAN BYSHNOR [RaC8E-S1AURNRICH sTa,
cpnsumptlonﬁygﬁﬁrts higher throu r;!%:t for NRT traffic and is more
t o .
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same time..The i ion provides M archi
o SHLE R S L L SR S ET U R Rd A GE ap ggerd
angptheiebota deksr bt sspperit iREer@oeet] MER ¥k hicetaglardmbageeniTA
inHRRIY NN EGENALP gsmgmmswa@ﬂ%ﬁnos@wp EQH&%FGS dpredating the

uninterrupted oieration for STA while maintaining full backwar
Proppipd iBRg 0%l Aanderd frdtthoreiamsalnrsairtrrpreb dhe) Riseesrd [EEE
S0EEmR 86 ddsgaccess and an optional legacy period used for IEEE 802.11

IEEE .802.1le agcess. Bath RT and T services.are provided to
R e e e b R AR e SR
80AdthoesviiRimepkratiorésaypitiediobld urpredisiblet 4hd prdetyptyaryimgion is
aﬁéa@é% With RR-lopmal dal BB AME B ME RS iRk Downlink

AP3STA) data transfers are done at the discretion of the controller,

TEh will JEReMAC (BurrrierRes JaHly FiR RIS dRYSEHoTRUAlds yBon the
0N TR 8o HPPRICH iR ditarimad i EE DD BOR.g a6 ¥tk hblond . provide
nf3fknouledasment and feedhack packets ieGUA LANSIINEG s,
The system in accordance with the present imvention reduces station battery
consumption, supports higher throughput for NRT traffic and is more efficient for RT

traffic than IERE 802.11e while maintaining full compatibility, supporting both 1egacy

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 sez: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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direction (uplink, or STA-)AP) after single or multiple packets, depending
on conditions and as has been negotiated between the nodes and can be
exploited to optimize physical layer performance. 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. This operation takes
place during Scheduled Resource Allocation (SRA) periods in the
superframe. 100601 Uplink (STA4AP) data transfers are accomplished via
802, 1dp pexios pi the WEr)B*l-H’Péh%%% LifigErR Ao OWRY eReERHa s Epified
by infisatiagile andbsitielpviansgdhcoiatAshioh hefsawdliateaas tequirements.
nowledgement k. packets are reqgularly transmitted.in th
e R R R
congrdless WhirbaoH gepertidiz diwtnderethesaniipseTimeptenpeated iarthsel. No
corflbiificha SANRABMANt RRAIMEBRAL R éiﬁ&%ﬂr%é&?@ega%ye@f@?d STA.
during .an SRA. The usage of short packets in a slotted Aloha mode
Adﬁ@?&%éﬁ%l@ﬁ?&@%%?%ﬂ%t@ﬂ%&ﬁ% FeEAsta frrammitied dnHbnirrYerse
direeiiten protlia) as wmrl]meosi&fglm &Grseﬂ&iﬁllﬁ pREutE) lfélé’pgfiding on
tention, As.n the case of { wnlink, the mechanigm is flexible .
SRR SR e R O
optinsizaakadive) laxsomerfutansecibeamschanisal bsfieibinehoughiitioalow the
usdUBNEp BiRtianel SEBIGIIRG AR SRR ARG SHIChIQ account buffer

management and control purposes, (e.g. in order to set up RT operatlorvlﬂ,);i
CCTERPAISS BELRRAARTRY SPRAISERAES ToBBIIeR 2O FARSB;omeanss, This

opgraibatabiedalacatheidf Sthstulb Regenrosiallivdore GSRAISpERYEANAN the

suggggg%%d beacon (EB) transmitted once or several times per superframe.
As aresult, the polling overhead is reduced, but more importantly -7

[008§1AB arclinkioks0TA :AEh Sully tramsfirsransiorconplishisdoriatichotetl édeha
bal¥ R rBQWE!, GORSHPRERR BANEIEHtS- A@i&%@eiﬁa&%%y Belrmission to

services, ackngwledgement and feedback packets are regularly

ARSFRERARER 1 thE R SPSURE 6P AR STRAESreRh ARG S pikackBagris are
regaiare eeplotitth dptilnizesphysicdivayinpefiornaanie. dstaltiR Tpackets,

L T
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 firther
enhance system performance. Small packets used for management and control
purpeses, (e.g. in order o set up RT operation), may alsc 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
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the EB allows power saving when an STA scans frequency bands to
search for neighbors. Second, the EB allows for reduction of interruption
time during neighbor 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 rate, the EB has applications in extending range. At
high rates, the EB 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 MHz gnd dual 20, EEE
SThe.PIe FAYRSOAP Hster 80IE 7 %“Tﬁ@%‘taﬁf&’\ﬁ?déd’é% ?Fﬁq*@ﬁ STA

poﬁ?@f‘l Eﬁiﬂsﬁﬁiﬁﬁc@r rejuibeninfdsmstion thlemantsf diﬂ’iésstaméa,rdthaamdgement
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é c%lgec ure 1%? %r 1%e'gig;ﬁ:)ga sgt %LE}}% ﬁgegc%ére a pte%lﬁfor EECi %
m@@@lzmm@wéméwmwé fesartinpive miRicrhteyRmeriranraesufs for
NEPQIRCHEGS Aateaniae-aQRrination i alion dREqalikibnand a

éjﬁl‘%mtbléfneod coordlnatl fun%DCF)mélg éﬁﬁ%ﬁﬁ%%@ﬁtﬁ?e%%% st

thammsﬂm%hﬁ&aﬁmmunmdmmmcﬁeqdé:h@j:bandsmﬁembarch for

U 5P O, A0 R R Bl B o
SCRMIDE fpg@aﬁdrm@mecm dhe K erinadotborhneg e SEA.

[ofﬁéébllﬂ Tﬁge@ﬁE&Q%e%%g{%@&gﬁ&eyfﬁmwmécr&m BE Fate,

or backward  compatibilit e iS us n

the dPB1h5+ 2BRHGHAIRG idERetufi lhf%ﬁeée@?cﬁl?&géfpﬁﬁﬁes

inGibdrbd sy s conpiesienidh &‘IEKEBJ@ mpplieabl va@ﬂ ssamfinxctichsiing

e RO ARe Yoachatuinaduaciase o % 8B on
exchange Sequences for atrans s with or without QoS. T er

are
(IHEE §08ddeprocedures supported by the RCF 105 for management and

[0pdapdulingTfideHons Eiisl IRl 3R peavidashRY-neRG Eomgaﬁogomg or

small packet transfers and chedule reguests/reserv Secon
e T A REHO 2 R BNt AGPROSDRING 58
lesigiiport. Typically, the RMCA 130 is used for all

[0065] Figure 1is a block diagram of a MAC architecture 100 which expands the
architecture adopted for IEEE 802.11ein 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) controlied channel access (HCCA) 125, an RCF
management channel access (RMCA) 130 and an RCF scheduled channel access
(RSCA) 135. The RMCA 180 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 IEER 802.11n configurations and provides
full quality of service (QoS). All IEEE 802.11n STAs implement the RCF 105. The
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bandwidth requests for services which will be supported by the RSCA
135. [0067] The superframe structure used when the RCF 130 is in
operation is described hereinafter. Figure 2 is a block diagram of a
superframe structure 200 with legacy operation in accordance with the
present invention. A superframe 205 comprises a legacy beacon 210, a
legacy contention free period (CFP) 215 and a legacy contention period
(CP) 220. An IEEE 802.11n period 225 is defined in the CFP 215. The
IEEE 802.11n period 225 contains contention as well as scheduled

RCH 405meesibrmeionsiom e DOF1G and nhw sbpdplisafmgtinnsiariomeyset

of feuhS HtthRRE AESARD B 6P ARNC LRSS RALE GOW IR AW NeRRB BE Fwo
105 is operating in a basi serwce]ipeé (BSS), a CFP 215 and a CP 220
accBE, GEPRSFHESS (RABEATERRYTE (e Eupor (S g B e 4ok eghoduling
furg€iznbl FBRABMOA6E ) Thertk idEd3N2 A4 RSH ASsHte supledatbttangsiadnd
i ; i P is used,to support.operati
<o e R S e e o B o
trapsierg Bievidips Sub e prorared Rmpisally opeeaBCANBIEEESR. famall

bafBrg 22 P aits ERseSaes et eS QU R-AlOSAHIQNREBRASE and
nagement SRAs, (MSRAS) with variable guard times_separating them.
[ %en leg SB%?% RSB R IS S TERERe BHE 804 oBtratioasis
desgoibed itareitiatde Rignrd 20sanicl i A2Grd B0 srpirtRiens BRRIFEAM 200 with
300 I based,onl time is shown
e oy S EL A IR A el oD Sfpes

a legygy eHieresrtheopiepdieal terpeyind (GERNER L0 ppd rdestey pontehtion
peffsd(Cloy228. IadTERES W IBEH e DB iayRmalaws Alloesiiome! valiahies

uch as in OFDMA) the superframe would be as shown in
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S%lgés)etoqg%]e "CFPDurRema':liﬁ}n "Value |ﬁr:[?\':¥én§|]ln %r%s?ﬁg%‘rngg?e&c (BSS), &
ChdliHe andvnleR #7dieataeporatas ngﬁsi@e#hnel@ﬂnwmnwt TFigiecy STAs and
IEEmEgepisieogtention in the CFP 215 by the legacy STAs. The CFP 215
erated py AP al s.ends with a CF-End frame. The IEEE
[O%le 1n S'g%%c mﬁ’yé&@é@?ﬁbﬁ (@re 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 CF 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 STAB including IEEE
802.11n STAB can receive it. It contains all of the legacy information and
is modified to include the information about the EB in the IEEE 802.11n
period. The periodicity, frequency band, and subehannel information
about the EB is explicitly included in the beacon. The EB includes
information on the locations, durations and types of the SRAs, MSRAs
and open RA (ORA) periods, in addition to the system information defined
[6070the curiint APERIAO Zobirdled Sonwii@béR ddtunorthe OF R ahS byithedhaling
higher dat thanthe b WV, le floNns I
L AR SR e e L
theinpsbuodmidrakivarasions (NAES toréhsa(EFShRepainainabafie e CF
pa{»Q,Q@Aﬂt @éhgl%%%@?%ﬂa@%ﬁ@ﬂ?ﬁ%ﬁﬁ%ﬁéw t GI?EMIPI{%Q This
resent, and , the 0 as an_only on stem. In
ol R B B CLh D B Lo ISAPAT LAt E ARREe 1o by the
APositmgerendo vdtja eyt BadfeafdhEhey i BEEI 802 fériqérhdiweg bdwstdifished
e e in a superframe in presence of a legacy
- egggeﬁ%%é%qo%%{% Qér%gl??%ay listen to the beacon to locate the EB(S)
Oihey mBedreety Hererrtdlhis Brpsuriited dndhe SPMBlrscharnelso that all
ST 4likhe s TREX BDAGGaSETAS IEIRSSIMEHUTE iRoathBIHCIENbIVRS legacy

. when compared to |egacy STAB, to transmit MAC protocq| data yni
imStion R 18 SEAIGT S oBAE i S ATERAHR ABCRG Mg AL JEEE
SOR.G:EJMﬁaﬁ%ﬁdﬁtﬁ%@e@fh@bwﬁ%ﬂh%ﬁéﬁﬂﬂﬁaﬁ@ouﬁ
A RA | j T C in. C
e BB TSR EGRR BT AOKIGE - THE S NRIEE R RiRddl, on the
ovhigy buibvanar e fivc: Ut ot SN T 73 O e
w0518 5300 i RSB OB oo b
assli e an , N0 ofher G (o{0) ete 10 e wireless

O, 595 R ST A AR LB ElF B R Cae ot ke
le@q’lﬁﬁﬁfﬁﬂ)ﬂéémbhﬂﬁﬂl@ﬁfsmmmm% MiskRbis @ig foloditog the
bR SHEAS SRS SRS ity oftho BB

association request and response, and exchange of managemen

[0fiSrmatioAn ExcabrroreeHageayaeetridonesasr Rearandped 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 twe legacy beacons. Otherwise, it is a period
between two EBs. There can be one or more EBs in a superframe in presence of a
legacy beacon. IEEE 802.11n STAs may listen to the beacon to locate the EB(s) or théy
may directly listen to the EB(s). The length of EB is variable.

[0074] The STAs can access the wireless medium in an efficient way when
compared to legacy STAs to transmit MAC protocol data units (PDUs), (i.e., MPDUs).
The basic unit of allocation to an STA under the RCF 105 is an SRA, Each SRA is
defined by a starting time and duration. An SRA is assigned to an STA by the RCF 105
in the IEEE 802.11n period under RSCA 135. The assignment of the SRA may be set

up by an STA making a request under the RMCA 130. The transmissions do not
-10-



Transmissions shall not extend beyond the duration of an MSRA. The
RCF shall ensure that sufficient MSRASs are allocated in each IEEE
802.11n period. STAs compete for the wireless medium during MSRAs.
[00761 ORAs are the resources that are available after all the SRAs and
MSRAs have been allocated in the superframe. It can also arise because
an SRA has not been fully utilized. It is different from SRAs as SRAs are
allocated to a given traffic stream of an STA. These resources are
controlled by the AP. It can be used by the AP for downlink and uplink
exterahlnyiod dre e EoRd SRfocBurinE dbawpecififitdwwaiiovifanstidlesrigntsl to
an SRASAREOSbIOGHCATLINE BHIRASLEMIC ,3aMmE,ORAS can be
00 &gne%%g%oup of STAB. [00771 The RMCA mechanism Er_owdes
1 ess t rBTESTRREERIAIE STHsh At R AT dhe B EE iRRiin tiec EEE
802800h brique2 Ridoinyl sctha RMCM SRAM SR dodee pask diraxehapgasthctions
e vation for.scheduled transmissions. [00781 The channel
s et RS S L onSiee Whdprebenee
of pmaearserat TRérPadionouheds IMETRM Gasparashrstiéng irtithe EBA Thwsdion.

TrRREmeasolldetiniaEnatien AROHIhEMERASSHCNVESHRCAHRRCF shall

duratjon, and access mechanism and optionally type. The type could
e oA A AR AR AE SABERIGH s SRR B iopriod STAs

conittesioPthécnalslssa slefied:/AoliagcBIFRAKON based access mechanism is

TooBecn 2BSR, HouRiRkA LRl SRIANE Ay dded o MR

802.11e or any other contention mechanisms may be im

havepheemabpcatedin tramirsergratedisan alepatbe istawsan SBilows not been
fulBSSFRIAE A0 diERASIORIACRAL A8 SRAARS AIEEHAN I, PIFSS 3988 BtReam
¢ co%;ﬁgthl}g%%)de. The data exchange is tggéz%llg/ small data packets, -11

of &8, &t s rERSURFESRS Fantredrdy 144 TREnERATSerbRE the AP for
dowesiokiatdnigiags deatinnission et NR e deisck ansinitentd ragsecatedovide

ically Re llocation Request frames in orde,

sl MR did A Gl Rl S SRS S Difhe can e
asHENeS M AErBYPRAY BABinassociated STAB are
[omica!lﬁ-_mgmgglmﬁiiwﬁﬁﬁgeﬁﬁﬁféﬂ@s éﬂ&?ﬁéx%gggﬂg&% for
O et S Mo aTEL PSS M OPUOTARS, v e

packet exchanges and request/reservation for scheduled transmissions.

10078] 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 for associated and un-associated STAs. Preferably, a slotted Aloha contention
based access mechanism is used in all MSRA. However, a CSMA/CA mechanism as
defined by IEEE 802.11e or any other contention mechanisms may be implemented.
The contention mechanism is signaled in the EB.

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

messages in a contention mode. The data exchange is typically small data packets,
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certain limit in the size of the packet. 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 an MSRA 505. In the slotted
Aloha mechanism 500, STAs access the wireless medium with short data
packets. The wireless medium is divided into time slots 510 of size equal
to the data packet duration, and transmissions are allowed only at the
beginning of the slots. [0081] An exponential backoff mechanism is
implemented as follows. A back off counter is maintained at each STA

su%ndgﬁffecm@reged QYRR SR A%@‘%@BE pfa]}ﬁ@et i%cﬁ@ﬂﬁﬁﬂitte@rﬂﬁmmns,
ack off counter pbecomes zero e ck off count S chosen a

SRR BTaR. A RS By A AR Y AASD TG AR
WMWHWWS&W&MWWWW@W@W& in
thwﬁﬂegm%gﬁmﬂ%m&%m& ]t SR ReR AR HRRSET RN e

The rate at which the CW grows may optionally depend on the priority of |
typige iz drsorigHenRepmomtiemBnereridramesdns e i resinRiRAsActipR with
Areaffic éﬂfﬁl@w@ﬁmmf M@Fﬁ*ﬂ@pﬁwa@pb BHQHHQﬂnﬂwe?%f!r lsam%aj?bem a

access delay specificatjon wi anagement,of access de
co PR AR 08 FHEER e e G PSHC R S Biigy g of data
paMﬁRmdtmmﬂ teahshritsrewoligotive response Frame 515, which is a
og8lFctive reaRaRsidnal alinRAGAARAIRILIN 406 MIRABRA SU° In the

collective response frame 515 includes resource allocation responses for

sigifed ciaeba SreehaniernsPReSIAR 26eaNE HRcilskies [BWSivER Wit short data
pd&ﬂ%@.sﬁ%e&@e@é‘smﬁslﬁiﬁﬂi Iﬁ&ﬁﬁﬁ%ﬂﬁﬁﬁb@ﬁi@ﬂ%@@a‘/@m bNE6EQGILEED the data
STAs that successfully transmitted their association/reassociatio
DR Ao AR H I ATIERE (R BEBe AP BL RS SPATEInR Thiye slots.
[Op&tkets _us&m@ﬂpeﬂead_a}:iﬁﬁcboﬁ toeciidns shuiskotpouentbed gm@&mﬁeﬂtbdck off
co%%%ﬂwwm RESIOASsThZI00 84 ERGAIONG ERPARIST AR AN Sicet is

e RCF 105 to take into consideration multiple factors regarding th

e

trappmitet Fineetherhackh off ep iR perere RETh s die ol R B e shepesr 23

o (REFSTAS HhatibasEaurmioc FRaMmEGRem 0033 dha o SMARGACT) SRIEHS first
, e&%h successful nsmgsgpt?wf an STA

aﬁlﬁgfﬂ%g%%éa%ﬁggﬁvledaégﬁ ¥:1p 1rﬁessa\ge rorf the. gﬁﬁ%‘lg i ber of
ratreffickistivrh etiaopipamgdl i Heedwlioutivppes pionide The e teastevdfithethe CW
gﬂ%@gﬁlﬁﬂ?ﬂnaﬂy depend on the priority of the traffic. For example the smaller the
access delay specification of the traffic the slower the growth of the CW. Controlling
the CW based on the access delay specification will allow better management of access

delays in a slotted Alcha access under high load situations. Af the end of the MSRA,

the AP transmits a coliective response Frame 515, which is a collective response for ail
STAs that contended in the MSRA 505. The collective response frame 515 includes
resource allocation responses for associated STAs that successfully transmitted their
resource allocation requests, and association/reassociation responses for unassociated
STAs that successfully transmitted their association/reassociation requests. The STAs
that were unsuccessful have to retfansmit their packets using the back off counter. The
backoff counter is decremented only during MSRA periods.
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mechanism 500 described above. [0084] The RSCA 135 uses a resource
coordinator (RC) that provides QoS service support through scheduled
resource allocation. The RC operates under rules that are different from
the point coordinator (PC) and the hybrid coordinator (HC). [0085] SRAS
are assigned to STAB to serve all types of traffic, (e.g. NRT and RT). The
RC can serve traffic with SRAs that change little across superframes and
would be recurring until the transmission is terminated by the originating
STA. Such SRAs, (that are quasi-static in nature), are suitable for RT
{OQB@ﬂiodic tMMma@tatﬁmﬁDO@l@&B&@Mﬁ llﬁfﬁiswkb inRAsH#idbration

TR SBARGE L} tj{g%gﬁggr 19, superframe and spannlg%?one

OI’ more superframes 1o transmit a UI’S hese type

30%16%8%%@%@?%%@%@!@@@&@%?@9% of traffic and are
focERicated pry dgtadyostschibisdmeclaninamations NeRG e dex Bl ccion

S O e Ao s e

inaffitiontpaheofdep8RNitr s milsitiveviepeting ticcSRAINa B Alloha

mé%ﬁm@%%bqeﬁ%gﬁ% AN STA. All resources not assigned as SRAs or
MSRAS are mana y the RC as ORA. ORAs have many applications

084 allow The ISfierash resmukee capniseson ARG hah pradtietiadnfcervice
sui%%ﬂm&ﬁg}i\ﬁ’cﬁﬂﬁﬁﬁ@%ﬁmﬁ@? PHe R AP LRSI SMHNG: that are

OVIdIn iQn.in th Resource Allocation
%eque peC| g%‘foci? %H%P%’ {g@?ﬁ%&? HE%%FQB@W% gke. sTaB
(0088 uld indiRAe thebsbigntidtsTdsibnshea sl typesfne i)y mRRRGG/RT),

THRIHCASR QORI PR SRMG AL @9&%@? jaffic d%"e g SR be

assignment are scheduled during the gSisﬁIﬁepeno §meet
TeqRE 8 SR the frantabeirpile terainetathbyAbe anigtiaties 4. Such SRAs,

(tHRaram qt@rﬁmammﬁa@d 2RASHLIBGLERTARRER RN eever, the RC

o R B T L OB b o DL LS P rame f

supadeairan dhé RO B Sawideniare wigsgiohee tdingnafiicabblen Pingt These

5% atithd| fﬁ(ﬁ&? Q%é@ﬁi%ﬁ@i&‘%@?%ﬁ? %ésu%gg I%Céetzgvgha?ny type of traffic
SS- speuﬁc g)oS policies.
and are allocaied 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 fo 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 Reguest 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.
10087] The RC traffic delivery and SKA assignment are scheduled during the
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[0088] The SRA assignment and modification involves the creation,
modification, and termination of SRAs for the exchange of data between
two or more STAs. An STA may support one or more connections
depending upon the applications it supports. An SRA assignment to an
STA for a connection to serve a given type of traffic involves creation of
SRA allocations over one or more superframes. The assignment may be
modified as required during the lifetime of connection. Creation,
modifications, and terminations of SRAs between two or more STAs are
TEgSri8eRolirh periefbiativast ben@eh taawirietneniitgod PARHRS theaffip (BhegAP

atfFuREIOHS S AURCHILD Be e st apteRERAN GR HIPEHMIULRESDORSE initiate
messages. Once an SRA is assigned with an index, the SRA may be
TS %@ﬁfﬁﬁ&f@o@e@mﬁfgﬁ et SRS SR ERR A & ppriorm

mw;han%@wdesédiﬂem&ao rERAGEsighmeasagenichdleaddd borthe BRABSS-wide
Kaowld @%?t%eL LI08 35655 4 g%‘g‘/{%rr O RRAEANLREmana e%é’ééeﬁsﬁcs

includmg apriority for access nce access Is grante ere Is

andde avhineids teeB8Stepasifin/Mefonslishesiium/channel with the required
(0988 [009atEarhe Gieatien AN s A ciBe P HNRtNthSdEa88AdS Mification,

Resource Allocation Request to the AP for a{%?ew connection with target

argdtgpnipation SRAAR R NREXHATRR Ah AR DS RSO TTO I g 83 RTA
nagdigssesoiasansee dotdexiiomns diptsdivaiysmihicatpljcatiansijredports. An
tus. RAR ID,to i value for.the duration of.th ofiati RAR
e S S S R S
cysation aobRi disaipiaeves|oes of0U9T} FRRSAPagrPRe caRiRftFigTEnent may be
REBR 6S AlRsAliPEReguUastimessade ipmdhnOignalng Sidabalbns, and

respond with a Resource Allocation Respgnse message to the _originatin

b ARAHIARAE RAANIREHTE R T00 e TITE &5¢ (PR B BRgatations

batwkerd dhalbrigiae piapefTa ersitthapii apiagetva ResnbanAtlechticatibeypest and
uperframe and._ Service Interval det ine.t uration o i-stati
B L e R AR ARl e

SR éumandsaeedifedSurisrainetedicipE e sba thahis sstgried tdivan ARghall
sMRdrrdmaenoscrtiBti ot deier mingdbe Wliar fof atiyraniGieRAent.
g mentyis frequeney wih respect o (he Superlrame, and. service, .
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
Allecation Request to the AP for a new connection with target STAs in an MSRA, and
| sets the destination address list fo the target 8TA addresses, Resource Index to &
default value indicating unassigned status, RAR ID to a unique value for the duration
of the negotiation, RAR Type fo quasi-static assignment or dynamic assignment, and
all other parameters to appropriate vailues.
{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
~14-



[0092] The AP may then update the EB with the newly assigned SRA. The

AP shall announce in the EB and the Resource Allocation Response

(collectively or individually) the creation of all SRAs. It shall also

announce the creation of connections for the destination STAs. [0093]

The modification 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 modified as desired.

This can be done in three ways. Firstly the modification can be carried out
all sithprpdviSRRterS tropgiytiaitesdtsee Alodati RGeSk BEEsFEEe and

e Pe.pigavb, within an SRA. The, carr nding response,
Smay bgng%g%b‘g%ég%%g gg%a rot%il%P mathqeu%?zﬁt %%%%v%gtglﬁsf”ééén%‘?gc 1ts
frpeepew s Ao HheotrperiTethoth waosttring fatipporBensenbesaijen per

sexsHanes, BbARcORAHENIAN Medarminalionohanass ans 3 RAINAL DS on
fach eved by, %?ndln a Resoyrce Allocation Request message to the AP

of RAREEE Totts HANEREUA Aeeshntp o PR FEEPSoend
sqovinel Horatero f@ihe thetobgisating STA may terminate an established

. [0 j ' | tion t b t
o I %@E‘g@%@%ﬁ%ﬂﬁ%&'%53%&%%#%%%%#&2@%?%
Wi%g@rﬁ&ﬁ&& oypriee H¥ipcatinneRespomsivalistival ovmbidually)

theaéfisasibaamath SFYR CRISRIIDXRACKIRG K65 PHECS- AMARALP D IQERANOR,, the
ad .th ?g acket. For uplink, the AP may piggyback this supplemental
?%ﬁal r

On on a data packet. Supplemental SRA information may
[a98Hctudheltocdifoatiofoofimtinmsigned SRtiaatipbd adisteadbe estaim O R bsource

' | | iod of f .
B B Al s B B i

viipe anf ahpirherctiolde apostfiashardesivest: [Ehist epncbo itive ippicativayanBirstly
sy StCINTREHHREIE Sa i m%ﬁ%aﬁ m&be@é’céﬁi@}i@ RRERIES AMG ation

of legacy CP, the information must be sent every EB. Thisis to ensure
Rﬁ'lqélte?eg Ay BEals (%ﬁ“t%ﬁﬁ%@#ﬁa i1 R f08HAINThs seseFRoading
rSRAshaey g pigegbsdindoayditiiftenirARMikei SR ahaneald RRELHRE the
nggg%%ﬁr‘%ggﬁﬁgPﬁﬂgﬁﬁr%ﬂyds%gmaen%u%n&%?pg dcﬂ?%%?s\évétehaia%change 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 fieids set to null or zero. Only the originating STA may terminate
an establighed 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 transmiésion from the AP to
the STA. in the given SRA. For a downlink traffic si:rea:h, 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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separated by a short interframe space (SIFS) interval for continuous

packet transmission or by other defined intervals between a packet and

an ACK. An STA may only send PRY layer information if it has no data to

sent. The AP can use it to learn channel state information between the

AP and the STA. Figures 6 and 7 are block diagrams of frame exchange

sequence examples with or without ACK, respectively, in accordance with

the present invention. [096] The RC shall ensure that the duration of any

assigned SRA meets the standard requirements of maximum contention
tHEEHR) SR of:4diet] HEfrRIMaPeA IR thodibi 2P NEBY gthtiM@mber N can be

dotlIM IT that non:-AP STA th igned SRA
SRR RrEERI T RSB DR PP TEGE RISl B ~c v the

ombmdns ERydrdihg mwesenivtSidlogean By mé’ﬁﬂmaaﬁttmsﬁhedmhﬁ nery EB.

TRIVIIVER PRI AN ISR AL MRS REGIASGIERGE the SRA.
({099] Durlng its assigned SRA when the STA receives a frame addressed

4Bt andlnréa S8 tho etigineng Tl merdaionats tvapspissions of one or
nﬁ@klﬁﬂd%@dﬁﬁihﬁgii&f%@cﬂ%&i@ﬂﬂ wiesipf déﬁﬁéﬁbﬁs [AbH M:ﬁ@ss%m' sequences

assl to the the can |n|t|a n e seguence
W M e U VL e A o st LA
tretermesido ohbyrthef defigadittasvale beiffiectvaseaniten ahé SRVCKsSig B8E may
olfys Q119 PRS00 40AA4R SRACHELND 416 AESIIOMRANSST Rorn

shall send an end of transmission indicator. If there is no transmission in

chapnelistatsinfmoatisn hetesee Spo i apd the FHAaFignaes ¢rrndyirerschlock

dingeheiB dfffeimes Richanjeitaiim spasen Pl Wi pestositBoesier i) aspibtively, in
oerl 8‘ﬁ)landé]gls sitas ar]G ORA 40101] ORA allows a non-contention
Pased Hecess urr'ﬁg SVAICH aesociated STAs -16 may exchange data

[REdkets TithRGEshBl] [eisstypichly Sae dimmgithe of Ry ainignédeSRA meets the

sHAESIg et ReRIGNS @ﬂ%%&fﬂ&ﬁ%ﬁ@éﬁt%ﬁ‘@@&&&ﬂbﬁ Gtbe RAPPNAG i ration)
coordinates the data exchan e durln ORA in both downlink and uplink

urp deellsime de eBimenieq aathrony RSihrigay use the
a@ﬁ@ﬁﬁ&itsmpGbﬂﬂiﬂﬁe&li@c&'ﬁﬁioirhﬁe@mﬁﬁﬁ?aﬂﬁﬂqQﬁﬁﬁﬁ@iﬁ@émeﬁns, all
dEIL08 %%r%}{f&ﬁa‘:kﬁt% i ﬂan%?‘ %\&J% tra”S{Pé%%&‘l%e%aEmng any given

GRicast, maltcast of broadcast transmissio

SRA are made by the STA that has been ass1gned the SRA.
1099] During its assigned SRA when the STA receives & frame addressed toitand
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.,

:ﬂ

[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 i, or if the M8DU is too long to send within
the assigned SRA, the STA shall send an end of transmission indicator, If there is no
transmission in an assigned SRA from the corresponding STA, the AP grabs the
wireless medium after a DCF interframe space (DIFS) period (greater than SIFS
period) and uses it as an ORA.

[0101] ORA saliows & non-contention based access during which associated STAs

-16-



[01021 ORA can be assigned to a set of Connection IDs and/or STAs.
This information is sent in the BE. The AP controls the data transmission
and reception during this mode. [01031 Some applications for ORA are
as follows: An AP may send data packets to any STA and the STA may
respond with a data packet or ACK. To participate in an ORA, the STA
should listen during the ORA. The AP may broadcast or multicast
messages or may multiplex different STAB. The STAs that are serviced in
the ORA will be defined in an BE. The AP can send an aggregated

@W@%Q@ 8@&?&&&% %&%&r@eﬂ? &ﬁpﬂ&ﬁ;ﬁ%ﬁ%ﬁ {&§& gi#e utakgerwise

control informatiort from the AP or may send"cont ation suc
ERasHRNYE sgHaeneofitba surarrpe a5 ST Hsed SR As (Tha HMRiccondingtes the
Baescalf R ERANY ORRIHEHGBS A KM Rl esthctiandinidhattiBe uplink
g_‘r}al sequgc%éhalg\%%t e eeeg the SRA dlé{atlon_llmlt. RMCA shall not

ESFEOTt S SNt ﬁl}’g“ﬁ SSRGS 8 BRI s PRRP TR B b As. The
@mm@ ﬁmm@d&wﬂ&dﬁ@&mmh@@n@@a&h@ﬂg mméﬁta)fps&gﬁ. The
wlasaildnnehllirn o dace.babR GPiRig Seling.Qllia dgtess Policy
subfield of the TS Info field in the resource allocation notification IE.

(6108 TR sar b eatigradréonanstheofe foopaie Hlsbeedon®Fas This
mifiendd0E i0fshie RIGSRIEIITHYIRR. deaReEAe Hh ikt RIRSRRESOROARL ption

url\'zlgt(l:e here iaa beacon, CFP and CP as in legacy. When legacy

suppc?rt |ssn%3f)e%abled, the beacon, CP, and any legacy support in the
dFR 3 ecdinmoptiphettai0bi CRéparmofolvithslcgadP fonstiend. dXbOklkets to
s BEARSRERANGe SRS Rt Sedanandc] g«g)&%ﬁe in an

the |IEEE 802.1In period within the CFP (as In
e vitie B TfeRowantistay beingihe OltseThailassr meadsnst prayulticast

q%ﬂm@%x Qﬂ%\@ﬁiﬁﬁlﬁb@f‘ﬁﬁw : SI’B‘TAm?H%@'PA;;t%EFﬁ% mﬁ%t_ ?ﬂﬁfb'tﬂegmwﬂi
ifference;is that the, signs s of a specifi yration to pon-
LR S ey R R e Ry M
TinerRElhayThis 8 Db erayeasivneRh p vitfgnE ok disvatid/ APaHfihy send control
Prxiding: Qi) SRabolsi9.a9s0giated CF-Pollable STAB using the

frame formats, frame exchange sequences, and other applicable rules for
PB4 q mFSRA assignment is used to transmit one or more 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 T'S 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 thereis a
beacon, CFP and CP as in legacy. When legacy support is not enabled, the beacon, CP,
&nd 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
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[0109] Signaling and features of MAC to support various types of physical
layer is explained hereinafter. [0110] The MAC supports measurement
frames for various physical layer needs, including received field strength,
interference levels, channel information and transmitter calibration. The
AP can instruct the STA to measure interference, received receive
strength signal indicator (RSSI) (from other APS) in a particular channel
(can be other than the channel of the AP). The AP can send signals for
path loss measurement. The transmitted packet will contain the

P@@ﬁ&lﬂ@rﬁﬂa@ew Mw&?e&tm@; i@ﬁﬁr?rzaiel&fmg Ml@ﬁ@iﬁifhm%mdy ofa
esem asur en e sche ed | {0, sen na receive,
P T T RN LR PRRe P YA GFO AESRAT s of & speciied

dmmimmmm'@mm elsxeMBBms oﬁamodmtpev@mmgmdagrmnchons

%@%X@U%I% E’GQ;I %&*ﬁ%&%‘éﬁ&%ﬂ% 'ﬁé providing
P trarismitte |brat|on the AP may use STASs to aid In |ts
Qeﬁwé@ @rmwaﬁ%é%ﬂ?aﬂ@&ae%?#op@ﬁm forms dormpis frame

eﬁﬁgﬁﬁéﬂ%&r oA iplidaadHate tstramniderdrregular MRA

iﬁi%@isur AR AP PR LML AR SR PTYE FIGARLlEer

explntastshiesBiaftkarmation for every measurement request for a

[%qnglhﬁQe% r‘g 9&%@&5&%@&%@&{% M}M&&ﬂp&p}ﬁg 'ﬁéxyer needs,

112] Support for beam steering devices Is provided as follows: Thé A

inghwiting ceaseinenc dialeh stxprsihy duterforenss stevaing dveRel %@m&aﬁen and
tRIEkalsLIRNR 4150 Tolepicking iHRa-6afRE TR BN ae I dh€rence, received

o e S R R L A SRR o
bhmmxgnnthamat&mn:ﬁmmﬂheaﬁﬁbet #Bm TintePAtehassiods signiads for path loss
APAE%@&HQ& MY D6 LSRN PR SAL M Q5AQ: Ml (A0, MEZ Y Sie™ :L%ileﬂs the

he AP and STA may contain certain physical characteristic or the bits

resRenea fryevHl o hsindherarrivaknAy s A peserrarassremgpisesp seheduled in

ORfRrmatendregal digeeihe hﬂM@ capARilibn ofrhe AP PgeISeeaSor ancther

ad itional fjeld in the w(lle]% con where such information is not
[l? or elsewnere, may in c e via some interlayer

messagmg to MAQ the type and number of measurements required.

{01111 TFor AP firansmitter calibration, the AP may use STAs to aid in it’s

calibration. A STA in turn sends a request in open MRA for its tfransmif 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 §TA can

indicate that they are in a beam steering mode. Special packets can be used for picking

the correct beam similar fo the measurement signals for antenna calibration.

[0113] The AP is allowed to send the timing information back to the STA. An AP
18-



decoding). MIMO capability parameters maybe sent as physical layer
guantities on the EB. Other parameters may be sent as EB MAC
information which may contain an indication whether or not the AP is
MIMO capable and the details of the MIMO capability. STAs send their
MIMO capability information in the association message. [0116] A MAC
header contains optional IE about channel feedback information such as
channel quality and channel state. This information may be sent as a
separate packet or piggybacked on a data packet and/or IEEE 802.11

el e T o, Thi

. ghysical layer informatign. [Q] e apabilities are exchange

mg(ﬁr\rél'ﬁag%gg agffo?isP 3 éﬁ&%ﬁ?f\%%ﬁﬁsﬁﬁQ may only

[0B@4BetuftfoAPendi S B plientontainchatie phypizaHbaeacisetiche 1highits that

oSG ON M B SSLATRSH A sespafie. Packets are provided o
ora

initiate HARQ in the middle n application. This is done to follow the

fbsophy Nerrsfimgueardiog s MEM OBy 0B theaABanhy[bs B8Nt as

o b. l%wf wmék&?ﬁs i Efgéh ti Ith El‘é@tn@ﬁes? fméits
| on_adata packet. Some information,although generated an

d%cel\geﬁ di@gt% éﬁﬁ%@%ﬁ'agfr BE‘%“SFF&PBYE{%E?&& A RPVEICET 1HEER Gntities on the

EBx&ithpie pasingtvctterapbingeot kBB Qidd infortulaionivbideayayecontain an

inibaiatebnentadanhintareayqd YRHIGIRESOUIESs G dneand/or, vmvo

n
B
frequency) are assgi;aned to a user or a set of different users. c?1anne

cARakibe - s fend heint M caankidiariafaveriite in the asrotiatienohessage.

[onifsecarvisdasadeo adatencpeRtIEINABbef dhendBPiieation: AR emltilEsuch
25358 0£1ba%i§ roun gﬁ) lic tig{; NRT.traffic), the channels are assigned
8580 6hthe "3V ANa s T h S FesoartE BB DA PftPRbAffuBRE At

pesket tieigarhtdredothe dapphieskicrafolariE BE BOR. b 2K bk 80 Dptionally,
t - i KoL i MIMO t
TS &ﬂﬁee‘é‘B%Eétmwgg%knégsﬁ%%ﬁgg%ﬁ%ﬁgﬂ 0

operate efficientlé.c[01201 An AP (or a _ ayer SYNCH
Pre RaprelififoraaRtnesd iduringcesseciaiion mausrkGnd

r@polies. ASdhevie st CRARGPeEHIGally hRsiEne i @i nahBet S ABatinel
thg g{;ﬁur%g E%rgeasls%wgd 10 é)nr%}h% ne STéA, the STAs do not send

BRE BRI Ty e S rraHDR Tor shanme] BXifsaisRt RushantesRmse Packets

arepaded iddnitipthdibBolindlxviddbrofequaspiadicas Fhims. dviRHY follow

tﬁ@ﬁ@&sophy 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 or
100’s of milliseconds based on latency requirement of the application. Alse, 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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can use one of the reserved bits to indicate that there is no MAC packet
following the PHY. [0121] An STA can listen to the packet before its
scheduled time to get the channel estimation information from the
packets sent to other STAs. This would require decoding source address
information from the MAC header. It can also be done if the PHY header
has some identification that the transmission is from the AP. [0122] An AP
may need to support 20 MHz Legacy, 20 MHz IEEE 802.11n and 40 MHz
IEEE 802.1 In devices. Figure 8 is a diagram for beacon and EB

oAEANSHIRSIOR. 8%5%%%'3&5&%94 %ﬁ&&ﬂﬁ’g”ﬂon An AP sends an
EB in both of he gcent 20 MHz bands. The EB can be sent at the

20 tife 4Fsteryaate)ovrmdaract Fdaver SKN GEsthrt Brammbigider channel
uirfarRat Ry bendifiesanbisetiPthubes g sleRaRdiRgaralis\Mbdeiftally

B I P
thenATriskions sand te BRTDayperiofritdidbfonahaesl ettiseiiensMastdetails
ool 'B%%'é‘&&&&& WRRQY MO0 Mz AOUIGS A RIA R3S, AENE ??ﬁ*%eader

time. In"order to avoid interference from the two adjacent 20 MHz band
cHRCIAToRPAS thavestsveddite o andicata Hapkdhenris oV Gratkes foflawing the
rgiwuld happen at the same time. Optional IE in MAC header of all the

i d d to sch le th K.t ta ti
s e e e A et R R Ra A R g i charne
edéwmetidistorsrtoadion drohe 26 vetkdER SB&WQM@SSM Thessendd require
aéli&fmg%%&g SAdME7Z device. abalt thejr medﬁasﬁelfq@%mag%ﬁo@%&rﬁm

contention perlo [0125] IEEE 802.11 standards have defined a
REEY hepder ﬁW@?&f@WP%%W%@t@r@E@&éﬂﬁé’d in

[Bezmion mmmmammm@mmmwmmm@wnn and 40
d%ﬁﬁ%‘a% rifo({ STAjrﬁJ %FH RHY. Th(tePrr}]ormatlo ?@1 it ImBSlOﬁln

eacon Is snown in I'he In orn%taon contains
deopdiete ok Fﬁa&tmeﬁemmpcmdén Pt aendens. B indette & theppijapent 20

MEAHERE. 51%&ﬁﬂ@i?ﬂé%@ﬂ%%%ﬁ@%mﬁemﬂ%&%@B(ngeﬁzﬁé“ﬁ%%@&r the
3 hopping sequence set). The PH dwell time is decided by the MAC. T

TSRS Havieiprmriieemanie difereardnidomeeasgens dependmg on 20
MHz or 40 MHz operation.

[0123] Each device listens fo the beacon in its own 20 MFHz band, The EB informs
them of the details of scheduled transmissions and contention period. The AP may need
to some smart scheduling to support two 20 MHz device in different bands at the same -
time. In order to avoid interference from the two adjacent 20 MHz band, the AP may
have to ensure transmit and receive to/from the two STAs should happen at the same
time. Optional IE in MAC header of all the frames is provided to schedule the ACK
transmissions at a given time (instead of sending IEEE 802.11 ACK within SIFs time).
[0124] Each device listens to any of the 20 Mz EB, Both the EBs send the same
information for 40 MHz device about their scheduled transmission and/or contention
period.

[0125] IEEE 802.11 standards have defined a frequency hopping (FH) system. The
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[0126] Beacon contains the information of its own hopping between the
non- overlapping or overlapping frequency of 20 MHz BW. This may
require that the Beacon be sent more frequently on all the frequencies.
This is different than what is in the standards. Each channel has 1 MHz
band separated from the other channel by 1 MHz. The frequency hopping
information is sent during association or resource allocation response to
STAB. The hopping pattern may apply to any STA to AP or STA to STA
data exchange. With this scheme, the frequency is optionally changed

FHritgrfancenfetdtAninbie Bdabaetineatshn feastnastaRpinge &bk pitsary
ing.i VEeS. n latenc i ents.are tight. [0127],In
m&%&%@%&éﬁ%&% %'mmﬁf%ﬁﬁﬂg eo%f?onagﬂn sLn% lbe Beacon

ce wit e present inverition, the Yy Supports

is ghewar ipRimms fgTiorisformetierdisid dentainy RyrelkFiadiondias HipPattern,

sk @Bt Qvaring-cambe usely Iﬂ@ﬁﬂ@d@%%@%fq%ﬁﬂ%@@%%m@ems
A ilﬁ{erro ratg.(PER) for the destination node. In addition to traditional
il %mﬁaﬁ SET9BE d8 fhBtRRIHO BRANSEER A)th & Re Y sheadb timpe is

devideé by éHo W CirTiwhiehothmerdsih dtiall Hiatd grdtimeradhanretad2Pynsec).

(G310 SHUEHA GBI 1EL RS SHESTLIPRE 08 B IR RECHEL oo

can haye more than (_)ne estination address. Ieorwarg
ovglERnRE An PeeEARpRe Bpanentl oty MiERIYs: Thin/mesy TequBatiat the
B_Eé?m &%Jﬁ#ﬂﬁﬁ&&@eﬁﬁ@dﬁ'aﬂh‘ﬁﬁbtﬂ%ﬁ%ﬁ%ﬂ}é TSR K fdregs.4 %ﬁtﬁt isin
In the ader. ma us rine intermediale aadress In packe
%R%ﬂg'ﬁé?z?i\% ﬁh&?@%ﬁ fﬂ@ﬁb ¢ tRParRied Ty heftherghannel by 1
Vel reTheo frefmsiingtivepping forivesditigm dd ackp duaicingssaiesanes fisoures

Ty ave more than one destinatio
B L S R R ap orsma

tqifdie date pechragse Clitethisstaberer the ingavgnaritrrpidoeativefhangstonly for
sétsd Orihedasiaddiass ibtEs ﬁ@mﬁﬁghﬁﬂzﬁa RBRPHEEEAY A3 s QoS
ces

resour etween forwarding node and

%et og?s suggor,t allocgtin

VREBHRSEREA FOBRre PR E A b E& Sne by using following steps. Indication is
[(hade inltheqaietcd uritth thsopresnatdnadntidhatibeMrelfioditeailly supports
, pHel 8 warding. One 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 address in
packet forwarding,

2) An information bitmap may be added to indicate the address of
destination and forwarding node. Forwarding node sends the packet again.
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forwarding from another node. Information, (such as QOS, required data
rate or the like), is sent for setting up the resource between forwarding
node and destination node. After resources have been set, the source
node sends a packet. The designated relay receives it and retransmits it
after SIFS delay. The packet may optionally be re-coded before
retransmission. The receiving node returns an ACK after receiving the
relayed packet. The ACK is returned using the same mechanism or
optionally directly not through the relay. [0130) Frame formats. The frame

formats tha Regrlzdodeymecdliat-ebRtketeiaEhRa thok kddResd WAMAG being

. layer is disclosed hereinafter. [0131] In the Table 1, modjfied (|n |taI|cs)

fosh o A iieR Bt RaeitPt (e diin gpas Hhems prn s PRl RS R fer the
d&iblaﬁﬁ@ﬂtﬁlﬂ@éﬁdb%dﬁeﬁlpﬂﬁﬁb It ieddessy 3l ithe A dresbifiéldd2 00

ent 00 00|at equest ement
{dx%a} somaqtloncle—lequest ar%gg %ﬁ%acon %%tr%eglelk%en
nqdel grd desiiratiBe J0da. Eblwmb@mimn&mﬁélwmgﬁt@mﬁ@bcaﬁon is

0001 ?Qﬁy%ﬂi&m%&l&ﬁdﬁéﬁ%@ﬁﬁ”%t@%ﬁ%ﬁnme quires

Control 011 Resource allocation response Table 1. [0132) Note that

RASRST Redfeth FEmastonrdsrelR a1 RES: Comtitrdyisde Trigor the
hltaa,wmmfiﬂmwatggpmhedeamrbagemﬁbmmﬁ@&wm&éeﬁﬂyﬁmeﬁde

der control.t esmceeg e is only one more man nt ubt
o e RS B S e e B B M e VS e olay

regeipRsitenbraentpiatbalveBHE? dﬁ’@wa&mweekanmimhwr@ermded
bHESE 802k 2 iA BriQladh g RARB855248 KOBeHIP reaHesk tRotii¥yed

or terminate resource allocation
packet. The ACK is returned using the same mechanism or optionally directly not

through the relay.

[0130] Frameiformats. 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 (in italics) and new frames are listed according to the
type and subtype.

Type Type Subtype value | Subtype description

value description | b6 b6 b5 b4

b2

(1]4] Management | 0000 Association Reqguest

00 Meanagement | 0010 Reassociation Regquest

00 Management | 1000 Beacon

00 Mansgement | 1110 Extended Beacon

00 Management | 1111 Reserved

01 Control 0000-0011 Reserved

01 Control 0110 Resource allocation request

01 Control 0111 Resource allocation rasponse
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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for all types of data, (i.e., NRT and RT). The EAR frame structure is
shown in Figure 10. The frame body of the RAR frame contains
information is shown in Figure 11. The length field corresponds to the
length of the RAR blocks to follow (there can be more than one from an
STA). Each RAR block has a structure as shown in Figure 12. Number of
Destinations indicates the number of Receiving STAB (Unicast/Multicast)
sought by the transmitting STA. [0135] Destination Address list specifies
the addresses of the receiving STAB. RAR ID is the identification number
e RAR. Resource index is gn identification number for a Resource
O et ATy AT Lo T B B B ARG st ond
regourics R Bpecipatenis JEEE 8p24ilyiY A% QoS requirement of the

[oigapures, Jegiiesl.L0dA0L TheeIRYIcEAlOsRHPN IS SRYNSE MGSSRIRIS ation

used to respond to RAR, maodification qr termination of resource

for pl txmes tfiestrasRd #he FhmiARbamestshunisisbrimuis Figure
10T érvmedindy of theRaRTiioe: aintahe inf SRRk 19 185530m Bighayun iMhe

Figur, . The resgurce,allocation hotificati AN contains
19%%%& ion on the. gaﬁk%)%%alfgéé rnegsgclgtfrcgf ere a(rg(‘a:Rwatct)2 %)OIE])'}?O @ﬁﬂesﬁafhge more
theass obeckronll eoafidA xe SrahsBAR Dbledp baseat stawctnuéey ushowsour digure 12,
NAHRAURHESHUS SRR GARs PR.JRAGHEORFIURLSIN NS fBLAEKE AL Heast)

STAB thereby eliminating the guard time overhead between two resource
80, d, it can also be done as a bulk response
[008bEeN thedRAdfiRid iaideidoliziandcifisl thahadrdwE: HTahaadadne STWERAR

llogatign reguest. This is efficient jn,reducing averhead hut i rs the
T H e L e A  nabor

fopoal Besaurasaiidenethory aRdat Timvecindigates atietheatthe B4 i Siroamior quasi-
stEiSIrR AT, S%@Qiﬂ&gﬁXB%SHﬁfiﬁ%é@&%ﬁgg%% e RIAEIARERIYF the resonrce

management. [0138] When an S dy allocated is freed up it may be
ned to another traffic stream. -23 [0139] The

[0AssDcieline/ Raanse citidontiar vesiones sagas gecisnastiietb todsindeso RAR,

MR EaRaRILy, subcarries %JE%P%L% é‘c%fgc‘?‘ét%f‘ Al D%V'c%edl%ﬁ?efrhe frame
Indicating power saving capability. This information c e

stauelwme daestr isiFigive i8sdFhedrbmeihodieof the resource allocation response

message is shown in Figure 14. The resource aliocation notification (RAN) IE contains

information on the allocated rescurce. There are two options. First, the resource

T

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 two resource allocation responses. Second, it can also be done asa
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.

-[0188] When an SRA already allocated is freed up it may be assigned to another
traffic stream.
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capability field of the existing Association/Reassociation request message.
Reassociation can be to a new AP. [01401 The beacon frame has the
frame format of a management frame with subtype set to Beacon in the
frame control field. A pointer to the EB for IEEE 802.11n STAs is added
to the existing beacon. The frame body contains information as shown in
Table 2 with the modification in bold font. Order Information Notes 1
Timestamp 2 Beacon interval 3 Capability information 4 SSID 5
Supported rates 6 FH Parameter The FH Parameter Set IE is present
[Within Beacon Set frames generated by STAB using frequency-ho Qing

5. 7758 PErerRden RAR IS PLIn TRABPS FPAESAZRT T8 o include

MivCoastilitgmebdaeraiaddypidiAcnd Sagaircei SBevies T8 califig power
Parameter The CF.Parameter Set IE is only present within Set Beacqn, .
R S o S bR P BB R Whio e
RpehititrerfBlid |Pis Oy prisiing WitkincigdomBressotiaiioas geunrssitcduegsage.
AL 801 Baohd & BN ETIM IE is only present within Beacon frames

enerated by AN. 14 QBSS Load The QBSS Load IE is only present

ihh Behobparap e et thedrppefameatnis eﬁwméﬁﬁéﬁ%ubw
seRcBdanhieh dbd iRobOphionndeldmepitsant e B2 ISEBEYPN 1n STASs is

I ted are.both true. 15.EDCA The EDCA Rarameter Set IE is onl
S e S b e e R R D a Bl T2
wibicthe modification in bold font.

Order | Information Notes

1 Timestamp

2 Beacon interval

3 Capability

information

4 SSID

5 Supported rates

8 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.

10 TIM The TIM IE is only present within Beacon frames
generated by APs.

14 QBSS Load The QBSS Load IE is only present within Beacon
frames generated by QAPs. The BSS Load element is
present when dot11QoSOptionimplemented and
dot11QB8SLoadImplemented are both true.

15 EDCA The EDCA Parameter Set IE is only present within

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

23 Qo3 Capability | The Qo8 Capability IE is only present within Beacon
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Parameter Set element is present when dotllQoSOptionImplemented is
true and the QoS Capability element is not present. 23 QoS Capability
The QoS Ca abili IE is onl present within Beacon -24 frames generated
by QAPs. The QoS Capability element is present when
dotliQoSOptionimplemented is true and EDCA Parameter Set element is
not resent. 10 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

D o thh 'Frnmr\ fa¥alal

II arrnc
conta
Times
the va

ns information st

ikl
VVILTT QUULy Pb Q\.aL

PN
ﬁl_u IIII.II
1 !

5@9 d
if bea

PRI E5S

Operg

- i _. .~ IIII IIIIG.LIUII ual
C@a2ales presen ggeée fggﬁ?&@%g
tional Rate Set 4 Iﬁmm ﬁ(Legacy Infor atlon optional i

HP=N

peacon Set present) The FR Paramig;

Wi
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[‘)ri% meldp ﬁ%é&&ﬁhﬁmﬁﬁfﬂ% B of RROGR R s YT Heswzype set
td:EBamﬁie fr&eislchritrgirfiskh M itame body contains information shown in Table
3.
Order | Information Notes
1 Timestamp (Legacy Information)Time stamp is a Fixed field
representing the value of TSF TIMER
2 SSib (Legacy Information)SSID IE indicates the identity
of an ESS or IBSS
3 Supporied {Legacy Information: optional if beacon
Rates present)Supported Rates I 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.
& DS Parameter | (Legacy Information: optional if beacon
Set present)The DS Parameter Set IE is present within
Beacon frames generated by STAs using direct
seguence PHYs,
6 CF Parameter | (Legacy Information: optional if beacon
Set present)The CF Parameter Set IE is only present
within Beacon frames generated by APs supporting a
PCEF.
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 M (Legacy Information: optional if beacon
present)The TIM IE is only present within Beacon
frames generated by APs.
8 OFDM MIMO | OFDM MIMO IE specifies OFDM MIMO PHY

Parameter Set

related information
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Beacon frames generated by STAs using direct sequence PHYS. 6 CF
Parameter (Legacy Information: optional if beacon Set present)The CF
Parameter Set IE is only present within Beacon frames generated by APs
supporting a PCF. 7 IBSS (Legacy Information: optional if beacon
Parameter Set present)The IBSS Parameter Set IE is only present within
Beacon frames generated by STAs in an IBSS. 8 TIM (Legacy
Information: optional if beacon present)The TIM IE is only present within
Beacon frames generated by APs. 9 OFDM MIMO OFDM MIMO IE

nnnnn o O IDAAAL AL

s S B e s e e

information for IEEE 802, 111 3] 9‘%8 ] 'ﬁ]otngen X og; en |n
Perio “v‘ Sch - Y SHCTHES A-time
1gched Jﬁkfxr tﬁ guperf me. A 3 RA ' ﬁ Je con AMS the

15 A MQ jote;—SciTe jNE .:.‘. -: .-. !“' . ." : zﬁ. LY schedlﬂe,
InformaggRedaithe SU SRR 136l dha MSHA formation
contains the Open SRA gahaduisfos.t erframe 1 Channel Current

1§ NanTehRIAS-HBIRITE IMM&B&E@W@em%@MGWSG
that it is not Allowed su geifgam fdr'iheabidrame

14 Channel Current Channel of AP
Information
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 IEEE
802.11h and IEEE 802.1le standard. The Action frames are used for antenna
calibration, extended DLP messages, channel feedback information, and HARG 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
mformation 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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[0142] The management frames of subtype Action are used for
measurement request and response packets, QoS (IEEE 802.1le
support), or the like in the current IEEE 802.11h and IEEE 802.11e
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

Discove&e_léesponse: AP responds back with MAC address of the device.
103445 pLeB Resmerbiratee s edifiesiioingivde pidtiraal slsmsmfesens pptimal
PHedsematamandniomogianchiachen the-ioeristiPiRsneeistha s Q&I A

s the DLP teardown messa AP within that time,.4.) DLP .
e e P R AR AR plscogs ol i e on frames i
a@eqimnﬁmm QRFEEREY extive. JEiFre 3885w typrmiisatindpadiifiARQ
R@Q&%Mﬁ%ﬁ%@; @ﬁ&b&%ﬂ@ﬁ%ﬁ&ﬁﬁ?ﬁ'&% UG AHRA 1ater

item value for DLP Measurement Response from STA 3305 to the

besrpbonhe agrest HnMR PATERG RS PE LS HionAaTGDama b rpecempipes pgide,
bifte:£ B3B3 to? ROhA4d Db FHRERQesHiFa Bieh | FRAWIH I8 00IKIel dad scheme
dditional element.to send optimal .PHY data rate,and certain other .
o A e o e LR Dy bactedin
theanaioyenEiocpiiooauylisegreesicpiitkeie Action frames in accordance with

idAeapreseRvaRtinRy Faie A8 uaees Qbacdirhistds. S1ARQ

uest and HARQ Respagnse. The details of the HARQ parameter can

Re
Bl ilied T dritnlrtenpmEalifedittipon parameter by the standard.

[Baigie ofiihelparamngiawdeatudaiefoityaradidd iR tarkGefnge s antenns
H—.@R indicationaP%-A R ACKdd I% nd scheme of coding.and
CRIIDFE . el't? .

odu ac{?bxﬁe g%sé ?gt?ﬁéj ?n oerma |8ﬁeggﬁrgfesgabeeﬁi’§§ b%cf(%n& |1rrlmmuil of

thed KEIH P8 ATt Bhe arrb pogepecitrickotajos RSEAinfowrediog orygliennel state
imeassgments is created as follows. [0147] 1.) Initial Antenna Calibration.

[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 & 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.

{01511  3.) Timing Offset Message.

[0152] An AP can measure the timing offset of the STAs due to propagation delay in

slotted Aloha peried. 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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[0148] In the measurement category, action fields are defined for antenna
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 ma have a subfield about the indication of start and end
secinkisindicaty IR eaf ItarisanreraearanoRbramist sofiferRoRse They
c@{t@ﬁ@@gmewﬁ{mgm sdegfibg by using actual data packets instead

e B ot TR P BT R SPRB TRt Reedn b
Sﬁdﬁaghﬂmm?tm Wmm ﬁyeqmeAAnﬂ SEAB@ACHHS ngedfﬁséte sent
eiﬁggfr%%@ﬂo@o l&%@’ﬁ@&@lﬁ%ﬁ&ﬁ@%ﬂg&%ﬁl@ers This

respe t to the E [015 4.) Measurement Information: [0154] In the
faagdorias gaEndierpYer datp or as
aTshgﬁﬁf;@iﬂ@naﬁlcate RSSI and Interference measurement request and

onse. The ain a,subfield Wlth hannel identity. [0155] Channel
Drce s SR

ﬂa?fn fannel state need to be send to
[fRétrandmakfigide at certaln frequency. Also, HAIR ACKs need to be

(6684 either syRerQreksolAavarhsanarahaset.an s SARD3%HIR STAs

parameters. This “information can be sent in the MAC header as optlonal
heve) GBoHEEK SRROVERE 2 10 B hTamizh o pspretends SheMv g fhdhe time
syasReoRaAY: 60 fapeten TSI kihbf-ixed fields. [0158] Timestamp of the EB

j r%? atin the I]#lsﬁjrncludgd SO, that S ‘%B .h eﬁt other  nt and
?J%‘l' rtu t%r%yr?lhronlze represent SV BrEhe time &

Control frames. IEs have a general format, shown in Figure 16, comprising a loctet
Element ID field, a 1 octet length 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

SS8ID Bescon, Exiended Beacon
Supported Bates Beacon, Extended Beacon
OFDM MIMO Parameter Set Extended Beacon

Ccp Access Extended Beacon
Exiended Beacon Beacon

RA Schedule Extended Beacon

MRA Schedule Extended Beacon

Resource Allocation Reguest
Specification

Resource Allocation Request

Resource Allocation Notification

Resource Allocation Hesponse

H-ARQ Bitmap

Hybrid ARQ Acknowledgement
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synchronization function (TSF) timer. [0159] IEs are variable length frame
body components in the Management and Control frames. IEs have a
general format, shown in Figure 16, comprising a loctet Element ID field,
a 1 octet length 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

Beacen—-MB-A-Schedule-Exiendes '
HIARS Bean gﬁé’ﬁlﬁlquest Sp ﬁ’lgwo _ﬂW & 8ﬁmm

MNatificatian. Daocaliron im]
TUCLL

=

ALL i
ULIMMNCOUUTUUC AANTULAlLJIT T\

el Info 100

Rl LORERPDy . san =l

&L TOWTIEteMmMeRT 20" CSpPoNSCr N

#L LGOI e _ (1) O
ke 4N oo 3. PP - ¢

Channel Information Table 4. [0162]'Thé Service Set Identity (SSID)
[0dEhenTha S Suppdite ddratity SIEMY vl srenthensabuprwtiedtRetbe akament are

191621 QEDM MIMO Parameter Set element is shown in Figure 17. OFDM

Ca abilit%‘]fjield has OFDM PHY supé)ort information. MIMO Capability field
[OHgé)] OFDM MIMO Parameter Set element is shown in Figure 17. OFDM

Capability field has OFDM PHY support information, MIMO Capability field has

information on support for MIMO. Subcarrier Map information specifies subcarriers for
pilot tones and association.

[0183] CP Access element is shown in Figure 18. CP permission field indicates
whether or not a IEEE 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 _offsét, 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 1o a management scheduled
resource allocation and provides the MSRA identification number, time offset,
duration, type (Unassociated and/or Associated), BSSII}, packet type (control or data),
contention scheme (slotted Aloha or CSMA/CA) as shown in Figure 23.
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information on support for MIMO. Subearrier Map information specifies
subcarriers for pilot tones and association. [0163] CP Access element is
shown in Figure 18. CP permission field indicates whether or not a IEEE
802.11n STA can contend in the legacy contention period. CP PHY
information provides the legacy PITY 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,

ains jnf t] nymber of SRAs in the IEEE 802.11n,periqd and
R o R it H e oAb e (0o BHER ERoR SRR g ted
O6dreenibadBEE 832 hix pheibdesulmithatinresipmding QRadIirksloéifiarination.
Itvyétﬁé%%g%%g@gﬁwwt, STA address, and Resource duration. It
is defi as s [ u

is define own in i%sre 21. [0167] The MSRA schedule element
[6RkifieLack RRATEPS: Mismiishherbompen dhgure 2 cioeeennpdside an open

réRUEREPANRE M SRA BleckmotifDRAliRtH! Restrfios drle xS dffset, STA

E(’gure 2%. EaéﬁeMSRA Io%:(L corresponds to a management scheduled
AESBU & aft6Cation and pur% id8% the MSRA identification number, time

(7SRt dlirafAR Hpe-ifitntiosctiated wim thé CsSciateuhe BRSSP, thaclkemested
r@é@&é@%@éﬂsg q@as@ m&w%%%tﬁ%ﬁ% %@&l\{'@t‘ g&ﬁéters

shown in Figure 23. -29 [0168] The ORA Schedule element contains
dﬁ*ﬁaﬁ%ﬁi@ﬁm GRnsticstiandEhre romeeiersiethan gogy bepedispneeded;
udliged ifivice Hes e @ingIORAh P o eksseddafemmalion. It is defined as shown

in Figure 24 69] Ea RA Black IE, which is shawn jn Figure 25, .
kI e S S s T G R TR
iifegpatoe isldmentimd Bﬁ’é‘é_ﬁ‘yﬁ? is_ @uaresstist izmdtReBAR Spatifiatiton IE will
lﬂgﬂc@ JQ&Q SR SRgC! M&H,ﬁfﬁw I]E M&B@Eﬂ&%m gﬁ%ﬁéﬁcaﬁm

requested resource allocation.’It has a structure as shown in Figuré 26.

IFhmepthavpatapredridashnbann pt raed sebdnicaiien (ESafefmbrld contains
iefdRnstYeh thaTmETeysseteMEETedirection, MAC ACK policy, Access policy
(RMCA and/or RSCA) or the like, Nominal MSDU size specifies nominal size in octets
of the traffic. Mazimum MSDU size specifies maximum gize in octets of the {raffic.
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. Meen Data Rate is the mean data rafe
specified at the MAC SAP for transport of MSDUs for this traffic. Peak Data Rate is
the maximum allowable data rate for the transfer of MSDUs. Maximum Burst size
specifies the maximum burst of the MSIDUs that arrive at the MAC SAP at the peak
data rate. Delay bound is the maximum time allowed for the transport of an MSDU
from arrival at local MAC sublayer and completion of successful transmission or
retransmission to the destination. The Minimum PHY rate specifies the desired
minimum PHY rate for this traffic. The Surplus Bandwidth Allowance indicates the
excess allocation to account for retransmissions.
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unused fields are set to null using a message bitmap. [0171] 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.

%I MSDU smeéﬁgemfles maximum size in octets of the traffic.

[ %jlmu Sorcasheive om N aisRtian dbrdnelndrsntberersnse for the

re;pmsemkmeoaewlanomi@dﬁ Eavigtwiaiidueeiodic aMaE e 27ARAIRI NS he

uld.be re nd frames., Minimum Dat eis
Wesct%;ata rate. %%eifglf e%lat M?@ SKE® 3¢ aterﬁﬂgn[}“gﬁé %&9 rI.‘L‘?Ts.ﬂm
Rasgrrecedlanaibiorn RtEnifo lﬁ\@dﬁéﬁﬁ-’d&t@fﬁt@%}l&ﬁdﬂ&&éﬂ@ﬂ AGLiSARceess

phdicy e tfdds RS dop.this tafflicabealc Rala: 'i?ﬁfe&é@&ﬁ@@ﬁ@ Bfets for
allgwable dat%x‘lrﬁte for the transfer of MSDUs. Maximum Burst size

JrepdreReRrbs SR dor soaain e fia tyssapush as
vl pediirasapatérahelafdroiso Disdtiedpexisapsrtiane st avad fosdBime in &

f rrival a AC su nd completion
oié succesgé i transmlss%%lmgf re ranéfn‘%clssmn Rkt @dﬁg etrg%’f% lsfr%%num}’er of
eqmnl pllneniiony intevepichithestreicedivadion prnaupefrvhedtatividedisMaximum

skiadfis. ﬂ@ﬁ%ﬁ%&%@%ﬂd&hﬁﬂ%@%&'QQ&%?&?%&B%&‘&%}?S QG Type
t accou tg} issjions. -30 [0172] The Resource Allocation

‘iﬁ%“Pe%sp@}ﬁ%%ﬁP*ﬁ‘fé’r drRarsied Sk lstening periodicity
spﬂmﬁesldmwtdfe@athérlBﬂWamh@\MﬁtlmoFiﬂurEB%Rﬁ&@ ignBEmation. The

ftigntificatian é;gn%o Ihe RAR jResource in %|de€1v%f|cat|on

the Resourc catlon L_i“;é‘.nlnrfo rhe contalns NTOTMation on MAC &
“Béﬁé)‘)‘,’hﬁé@é%lmy (RMCA and/or RSCA) or the like. Service Start

[Omaes smﬁeifmﬁﬁﬁééet&ffm@ SDGHRRINGOf %@ﬁ%@%ﬁ&%@wﬁm is
than one for certain traffj % s such as voi {\g@ within_a superframe.
SRS BB BRI e K AR e A it Gt ofdbe N

a@hanhonhrﬂached}; INtevrioe m@reaﬂm:amepejrwmgrmam: Mg iRt @k the

%%%?Lm%ﬁ 'Qé@ié@?&%ﬁ&*b%& %Vis% &u e tion %65 RE g&%(gnugct% will not be

assigned continuously for these applications either in ITEEE 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 Bffort services, It is well kmown that the
downlink throughput at the AP is low compared to uplink throughput at the 8TAs 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 & specific packet error rate is assumed, Different error
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Service Duration specifies the allocation over several superframes.
Resource Type indicates whether the allocation is Quasi-static or
dynamic. EB listening periodicity specifies how often the STA needs to list
to the EB for timing information. The allocation code gives information on
whether or not the allocation was successful and under what conditions.
[0173] The performance of MAC in accordance with the present invention
is compared with the current IEEE 802.1le MAC for NRT Applications.
Most of the NRT applications such as Internet File transfer, web browsing
and local file transfer or t ike are considered background an
o SRELE o e TSt E R RB b S ol fAhe G AN B,
thappliCatfothe githemih IEREIRO? dldifierantcetietarate avithiehdptheaptervation
pa%%%ﬂs&ﬂ%e%%telﬁﬁﬁa lle MAC provides AP and STA same

riority for Background and Best Effort services, It is well known that the _ |

[0 ifk theoEiRHAFIARREr 1B BIERRPEB RS didReninke f REEVDSE at RE 18

deflAitHO e el lavd/ I Ther peasepld iven kestarowide 3 bavitthere
higher priori - ordinate transmission ang reception ata ket.

e s S e e R R D
Linkm wickd dné lisbbyiswmthed thée\hidgest. the present invention will not be

fovRiRr tedbgARunlinteiatic £iaes WP&&@&%@B&B&’&M%@MQ&%@&H 8o that it
uplink throughput compared to IEEE 802.11e. IEEE 802.1le and the

vighsitdavanti GRRHasAR, fated rbe LLr PR RR AR ST aTiRrfrfer and the
MalhiRtcRithspe eiicatit Thvwersatthis assnmednDif tarmicatial inBdr-arrival
,rates apply to data packe K packets, due to their different sizes.
B R M i S B o e
[0apliesThehmdds dnvrersed athessiemdy iveeldiffvent mathpds Ijompspethod,

DG B RHRLE E@k@ﬁ@é&ﬁ@meﬂ&fcﬂﬂg G0N i5a80 SHID @irkelakd&d for each
defined as the path between two STAB. Fqr example, in a syg%em with 1%1ept

uspccvatihdhe AYSLER PReOmAs ERRRie, 1 4G, ARbET FHSEN R (R er TR e I8
e Ofhtiger sndhdier afaiserink snavasod atitk thaspitmediechadidderble.

6] The packet i lows a Poison process. The.meafis. ...
o s B A B e e SV Ml Siomutator
hésenlldtic ypaminedotHng §i2.11e MAC functionalities. The parameters used for

simulation are given in Table 5,

[0179] Inthe simulation, the time is divided in reservation periods, each reservation
period contains an S-Aloha part, a broadcast channel part and a iransmission window.
This is shown in Figure 28. In this system, collizions might occur in the S-Aloha part.
In the simulation, the allocation scheme follows the First In First Out (FIFQO) 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”.

[0180] The time of each slot in the slotted Aloha includes SIFs + transmission time
of request packet of size 50 bytes.
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MAC have not been simulated. However, the assumption of exponential
inter-arrival times provides burstiness in the NRT data packet generation.
[0177] The load is increased in the system by two different methods. In
one method, the number of users is kept constant. But, the average data
rate is increased for each user until the system becomes unstable. In the
other method, data rate is kept constant, but the number of users is
increased until the systems become unstable. [0178) The details of IEEE
802.1le is out of scope of this invention. The simulator has all the required

|EEE802-Hte-MAC-funetionalitiesy The-pararmeters-used for simulation
x_ u AT A A _ PR % ‘-?;'." &= . . . - .
are -‘ —H e O © 3T vilosnLe , A€ i€ dIVIdEd In
1 o 3T O 1) rs . varigble ]
resetva Ok g eachreservation ‘S-Alohapart,a
ADDlication Datel R Variable

brogg --N ,at H |c b}ﬁll anca LIdII)UIIbeUII witrdow—This is shown in
Fig R?A@'Kﬂ"b byblem cottision dlllglll oceurrthe-S=Aloha part. In the

Si %ﬁ’f& m@&m scherme (6I()Wb threFErstimFirst Out (FIFO) rule.
HoWRVEFR, o sggg%%ég)algorltn § 5HgUidbeTonsidered in real
imPIRAETEIINS Sizd Thyiealc St IS [ggeIved by the AP The user will not
reseRdhiaf BaHE sl esRdpare 1 § change n the User's buffer. The
reqUERHSMRHES)IN the AP "request queue”. [0180] The time of each slot in
the|sAgiegiAdabpgarludes SIFs + trgpsmission time of request packet of
sizeé A0 temsBifRaidmaeter Valuesdumber of Users Variable Data Rate
Varigdbspapplication PER (Data Packet) 0 PER (ACK) O} PER (S-Aloha
PadkesrOTiASnREIch Raede(bytes) (IBAD MAC Header Size (bytes) 50
ReqdémPacket Size (slotted 50 Aloha) (bytes)
Physical Layer Preamble (us) |20

Meaximum Number of 4
Retransmissions
PER (Data Packet) 0
PER (ACK) 0
PER (S-Aloha Packet) 0
SIFS (us) 10
DIFS (us) 34
Minimum Contention Window | 16 (for IBEEE 802.11e)
{slots) 10 {for S-Aloha)
Maximum Contention Window | 256 (for IEEE
(slote) 802.11e)
40 (for S-Aloha)
Transmission Opportunity lord
Slot Size (us) 9 (for IEKE 802.11e)
14.81 (for S-Aloha)
Number of Slots 10
Reservation Period (ms) 7
Reservation Transmission 54
Rate (Mbps)

Broadeast Information (bvtes) | 550

Broadeast Data Rate (Mbps) b4

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

[0181] The goal of the simulations deiay 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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ACK Size (bytes) 30 ACK Transmission Rate 54 (Mb s) Data
Transmission Rate 120 (Mb s) Ph ical Laver Preamble (us) 20 Maximum
Number of 4 Retransmissions PER (Data Packet) 0 PER (ACK) 0 PER
(S-Aloha Packet) 0 SIFS (us) 10 DIPS (us) 34 Minimum Contention
Window 16 (for IEEE 802.11e) (slots) 10 (for S -Aloha) Maximum
Contention Window 256 (for IEEE (slots) 802.11e) 40 (for S-Aloha)
Transmission Opportunity 1 or 3 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 (Mb_s) Broadcast Information (bytes) 550
Eysmd%@%ramfm%%ﬁ%%ﬁm@ﬁmw@? B thaBfaeshe packet
is iBdds ey goatiaid be R usdtiietavislie faiksmineviibaavheager's buffer.
Tﬁgrg‘gjg‘g gtdgi:ra.y is determined for all the packets transmitted from sll users. The
throughput is defined as the total number of bits successfully transmitted over the
entire simulation divided by the total simulation time. The total simulation time for all
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 delay and the throughput were 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 sysiem 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 hidden 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 to 1 and 3.
[0183] Considering all overhead in the system (i.e., inter-frame spacing, headers,
preambles and acknowledgments), the maximum achievable throughput is 55% of the
offered bandwidth, which is approximately 66Mbps (for an assumed physical layer raw
data rate average of 120Mbps). With 32 users, the throughput is approximately 64
Mbps, which is close to the maximum achievable. The only limitation in the present
invention is the available bandwidth limitation.
[0184] However, in an IEEE 802,11e system, the limitation is not only due to the
bandwidth imitation, but also because of collisions, especially in the case where there
are hidden nodes. As the probability of hidden nodes increases, the system capacity
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a given acceptable delay and the average transmission delay for all users
in the -33 system. The delay is determined defined as the difference
between the time the packet is successfully received by the AP and the
time the packet arrived at the user's buffer. The average delay is
determined for all the packets transmitted from all users. The throughput
is defined as the total number of bits successfully transmitted over the
entire simulation divided by the total simulation time. The total simulation
time for all our simulations was approximately 150 seconds. 10182] In the

S|mulat| L tion dat s for e
e R i it s apampe (s he
prasenbérchntisesrividses @%M‘m&: Eisougbgutn Hbth at0Mbpoick 84 Mivps) over

I}m@ggﬂaﬂéero The curves for throughput and average delay are shown
in Figures 29 and 30, regdect ively. As the number of users in the system

(O3 R5E asdbe@rin ermem e 1 the spablinereaseddslamSinn ef thersses
oﬂﬂﬁé GhieesstarGehiiiiflifgt thdhadieayeatosty i B9expoben i ally infdiider to

stem C upstab delay curve shows the maximu
Sen ge tLtj%seergs %:1 (‘%ﬁnggélg §uppesrtn%ebe?or35?ﬁ%a§§9§t8ﬁ?8 b%?ﬁggho 7 ms).

Hawsm él(@hedﬁém qed dre thiperdersttifsie Systerfnaibsecimican lmgjuhanﬂ of 100
mi@kshoWefalathe MAGfdbRPRaAN TRIENlNR, t%?%ah gye%%*m

at 2Mbps is supported. For an IEEE 802.1le system witho
SERREs TGRS Lenlssora &re bestat g e fitumber of packets

Emmsm&ﬁmcapﬁwwwﬂstafhmg?a RSP e an IEEE

lle system_with 10% |nks t e users sup re,18 and 2
o B B e e e R HGB p af o ach
ugsrethe abinciive &yEidimd(pet, fmermmpdmn 9f heardénsthpayaiainleghat the
mRREhAGKNR) RRiS)dhs M AchiRyahle. I aHahakY £33 Qésumea

the offere andwidth WhICh is approximately 66Mbps (for an assumed

%%%Wa&%%&t@ngggﬁawmzmwwmea’sv@rglltﬁeses The
réhmgbmmw@mmu Biuviarest wl:uc&ms dose to the maximum

et T S ARG I BO PSPl g ree er
uﬁmqtﬁﬁb At RBECRN. diesrsitn, thndwidthiimdatonaleutbalsmbdeauppoted is
6 SUiSIeNS AIRECIANY Hol8HAsG WEEI M BIE 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 IEEE 802.11e system, the maximum data
rate that can be supported is 4.1Mbps, 3.6Mbps and 8.3Mbps for each user for the case
of 10%, 20% and 30% hidder links, respectively. There is a small penalty in delay in
order to get these higher data rates. An improvement in throughput is 81% 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 HHCCA mode. In EDCA, RT services get
higher priority than background and best effort (mainly NRT services) but no
guaranteed QoS. AP and STA both contend for resources. However, AP has slightly
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are hidden nodes. As the probability of hidden nodes increases, the
system capacity -34 decreases. For 10% hidden links, IEEE 802.1le
supports 44 Mbps. This means that the present invention provides 60%
gain in throughput (from 40Mbps to 64Mbps) over IEEE 802.11e. [0185]
The gain comes with a penalty of a small increased delay. One of the
causes of the increase in delay is that the users need to wait an average
of 3.5 ms in order to send a request for bandwidth to the AP (since the
reservation period is equal to 7 ms). However, these delays are in the
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and/or reception at the beginning of the superframe.

[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 protocol is motivated by
the fact that the intended recipient may be in power save mode, in which case it can
only be woken up by the QAP. The second feature of DLP is to exchange rate set and
other information between the sender and the receiver. Finally, DLP messages can be
used to attach security information elements.

[0192] Messaging procedure to setup DLP is explained. Figure 33 is a block

diagram of DLP signaling. The message exchange to start DLP between two QSTAs
3305, 3310 follows the following fours steps:
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guaranteed QoS. AP and STA both contend for resources. However, AP
has slightly -35 higher priority than STA. The RT services on EDCA
service have similar performance numbers as shown above. In HOCA,
RT services are setup by polling the STA at certain interval based on the
QOS negotiation during setup. HCCA can provide guaranteed QOS, but,
it needs to send a poll packet to initiate uplink packet transfer. STA needs
to respond back with a data packet or IEEE 802.11ACk packet within a
SIFs time. Also, the STAs need to listen continuously even to send some
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between two QS
should be sent through the QAP 3315.

[0194] Both of the QSTAs 3305, 3310 may use Direct Link for data transfers using
any of the access mechanisms defined in the standard. The QSTAs 3305, 3310 may also
set up Block ACK if needed, If needed, the QSTAs 3305, 3310 may set up traffic
streams with the HC to ensure they have enough bandwidth or use polled transmit
opportunities (TXOPs) for data transfer. A protective mechanism (such as trangmitting
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 polied while DLP is setup with
another QSTA 3310. After the completion of DLP setup (defined in previous
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3305, 3310 follows the following fours steps: -36 1.) A station 3305 that
intends to exchange frames directly with another 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 of QSTA 3305, as well as
the MAC addresses of the QSTAs 3305, 3310. 2.) If the QSTA 3310 is
associated in the BSS, direct streams are allowed 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 direct streams, it sends a
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hathe mﬁgg@gglmg]%g’- > 3315 for DLP teardown. All the packets
Elher?cefort should be seniﬁ%l §f the QAP 3315. [0194] Both of the
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| . lock ACK if f 5
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RTS/CTS or the mechanism described in 9.13 of the IEEE 802.lle

the Ane ARFe HEAREH"TERH 1 PEduce the probability of other stations
[oraeY feriafetithe M. Pl vetid) nkd QBTAKSE308 2110 TR P They@Edok 33 @brtmiasBW
paSlPWingrsiers R ogiolied while DLE 15,88 %R Willltiation. EDCA changes the
priority of different traffic class by changing the back-off window and Inter frame
spacing (IFS). The negotiation decides the amount of time allowed over a certain
period. The @STAs 3305, 3310 may have to self police itself for higher priority trafiic
(i.e. setting of backoff window and IFS). However, the QAP 3315 or the QSTAs 3305,
8810 are aliowed 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). :
[0198] 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,
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another QSTA 3310. After the completion of DLP setup (defined in
previous -37 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 negotiation between QSTA 3305 and the QSTA 3310
regarding capabilities during this period. This time is solely negotiated by
the QSTA 3305 and the QAP 3315. The QOS Action frame is used by the
QSTA 3305 to send the request for traffic stream (i.e. time) and QOS
Action frame is used by the QAP 3315 to respond back to the request. It
Géaasieddiablie 16 oA RaYHPALSh DL AR REALLIE AEAY. B,
of negotiating BW once the two STAs have exchanged capabilities.
‘EG THEGAB 8315 polls the QSTA 3305 after a certain interval based
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[0202] Possible information that can be commumnicated between devices inciude, but

are not limited to, BW requirement, transmitter cr 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 broadeast message to the neighbors asking for active transmission.
The device can passively scan the channeis and then send directed packets as well.
Upon reception of the request, any device in active section sends the information back
to the new device. The devices follow a random back off before responding,

[0204] Once the new device gets this information it can decide to use this
information to optimally allocate resources for starting the new application. Some
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hops. One hop devices are the ones that can hear, (i.e., receive signals
from) each other, -38 (hereinafter "neighbors"). Two hop devices are the
one that are not heard directly. But, a neighbor can hear it. [0200] The
neighbor devices can also send signals between each 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 triggered by some
activity or inactivity of any device. These signals can also be a reply to an
information request signal initiated by one of the devices. [0201] Before

sefIN0L A ARRlICAHAT 1@@&&"?&8&%&0@9&}/ 1982 r Qe PR NG HRNIGRSupt other
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transmitting device needs to tell its neighbors that the medium is in use
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modulation mode, subcarriers, MIMO enabled and code, or the like. [0203]

[02AR] inrBFeRstasniAiARBRSIH: SalFeRisRrALREGE s fRY BRotber fiannel

qEiavigerEanmsiofopshininl QERBHTON thu KT B3 stpiisthe DLP RtafiainBavket,
lication. New Device sends a broadcast message tq the neighhor
R e e

380183315 anyilisesegdtuitecranpaitainsironr RSTAGH I8 Spihn RARHS15 or
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ev

new ice. The devices follow_a random back off before responding.

Respogy Prcketmah s red &m‘informaﬂon it can decide to use this
[0208] Message 3320B and 3325A: Not Changed.

[0210] Message 33258: 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 @STA 3305 (message
8400A). 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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information to optimally allocate resources for starting the new application.
Some -39 services/applications will have priority over others. These
services will disrupt other services (if required). An example of this
service is VolIP for 911 calls. [0205] The disruption can be done by
message exchange between other transmitting nodes to stop their
service; and message exchange to re-negotiate the bandwidth, sub
carrier, frequency band, or the like. [0206] The present invention
introduces the following steps shown in Figure 34: [0207] Discovery of the
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responds back to the QAP 3315 with thé channel ity measurement
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information is sent in the broadcast following the open MRA. The Request and

Response IE needs to modify to specify peer-to-peer communication and addition of the
MAC address of the QSTA. 3310.

[0216]  Resource Allocation. It is the responsibility of the QSTA 3305, 3310 to define
the QOS requirement of the application and request the BW accordingly. The QAP
3315 responds back with the BW allocation information. Typically, an RT application
has resources allocated over the duration of application, whereas, an NRT application
gets resources assigned on the need basis. Resource is allocated by the QAP 3315.
[0217]  For an RT application, this information is broadcast in every EB. The IE
contains the STA IDs of both the QSTAS305 and the QSTA 3810. This is needed to
ensure that both of the QSTAs 3305, 3310 are awake during the assigned time.

f0218] At the assigned time and/or channel, the QSTA 3305 sends the first packet to
41



message 3400A and 3400B may occur before the message 3325 B or
during an ongoing -40 DLP session. This will be useful to get the MIMO
capability information before even the DLP setup. [0212] Messages
3400A and 3400B are optional and will onlybe recognized and used for
STAs and APs which support this added capability. STAB and APs
compatible with only IEEE 802.11e DLP will not support messages 3400A
and 34008. [0213] The QAP 3315 is allowed to tear down the DLP. The
DLP response message is modified to allow tear down by the QAP 3315.
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o e e e T, e ban AR Tt st QT expesed
torbemodilse te She erfjepuled tgnsarisgiona fisksation and addition of the MAC
[02gg1esspQf R LwT 4 ShthdOehh AP uice bHAtAINh BRib@r during DLP
responsibility of the OSTA 3305, 3310 to define the QOS requirement of
SR ARG o S i FOLD 0 LR EOB RS e S SHLA ForRigeen
MieKTid Qe 331% allooaditumiakiiReafienhd vy QBT a8 BB, 831 bdakomnasicate
wi O%Eﬁfétﬁllﬁﬁﬁ?é’i%%hﬁo%%agé’%{l 8”&8% WHEr A AN NR Y rorent
appﬁca ion~ getsresources assigned on the neéd basis. Resource 1S
indhoeatdenty aent alPte $asQ4G 35 5Hex the QF T pReadoningibanksigneddiRA.

[d@ﬁpad@ﬁ%@@x%@o%mso '&nﬁ%@éﬁ;ﬁhﬁz@&ﬁ 1Pgeidkeh #2380 in an open
STA3305 and the QSTA 3310. This is_ needed to_ensure that both of the
N%ﬁ%%%%&ﬁ@eﬁw@a&%m@%%%@ﬂw send this information

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

[0223] In IEEE 802.1le, the QSTA 3305 sends the measurement packet to the
QSTA 8310 in an EDCA and then informs the QAP 3315 about channel quality. There
is no need for additional messaging to support MIMO between two QSTAs 3305, 3310
during data transfer (specifically for DLP). The channel feedback to improve MIMO
data rate or PER during QAP to @QSTA communication is similar to STA to STA.
[0224] Several Action frame formats are defined for DLP Management purposes. An
Action field, in the octet field immediately after the Category field, differentiates the

formats. The Action field values, associated with each frame format are defined in
Table 6.
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[0218] At the assigned time and/or channel, the QSTA 3305 sends the
first packet to -41 the QSTA 3310. The QSTA 3310 can respond back with
the ACK or Data+ACK as negotiated between the two STAB 3305, 3310.
[0219] For NRT application, the steps are very similar. However, the QAP
3315 assigns the resource after the open MRA period is over via
Resource allocation message (broadcast message). It is only assigned
for a short duration to satisfy the current buffer occupancy requirement.
The first packet is sent by the QSTA 3305. [0220] A QSTA, that has

[ kground services supported over a DLP session, needs to listen to the

roadcast message after the open MRAs. A QSTA, that has streaming

and/or REtieneddWmbeeed over DLP, needs to listhefori&®. The QSTA

ISEXpectedto by awake T the stiteguied udnbﬂlisﬁﬁpé@é{%skucalj For
support of channel estimation and information befare or during DLP_setup

(optional), the QETA 3305 can send a request packet&bmsBaAP 3315 in

an open MRA. THe QAP 3315 may assign a MRA 197 e a1 AS

the next EB pefidi®The measurement information is S8F™¥aRk to the

QAP 3315 by the QSTA 3305 durifgblbes assigned MRA. [0222] The
A 3305.¢an also,send t directl the QSTA 3310 in an open
R S A e A Y B80S 5508 can send this

[0R23Imatidd isne ey rRoRestT B E/e asndsnibatprelieb o stiBgoredighe MAC

JRRGRYPEID §.5&1 1Y eLmBHON AR ChARNR) Hek&Q!) and state (CSI).
2 0223] In IEEE SOgﬁlfe %&ﬁeﬂ% IIJ%B%OS se%he measurement packet o

S
1QSPRERIRIPP S ReEReRSE AT ESPRRL BROE Y ABAS dsinas of the device.
[0zi28hne DLRMearEbR e rifbdit st etk itk ienaldet-ts AYIPY ta raoppay the AP.

IMO between two QSTAS 33 310. dyring data trans pecificall
T e R e e e A R o S B D
tegafonrQriesas QR TR Eomhimidatidis. similar to STA to STA. [0224]
[028yPralpiclieR Srme iaeis Ua delings IRLPManAcsmeRl PHPAses rate

An Action field, jn the octet field immediately after the Category field,
apiHesEA AR S aB Rl AR AR RO RETIERDate S7asb fated with each

[padie fabRt Medafisndrth Kadlpledd: action item value is added for DLP
Measurement Request from the QAP 3315 to the QSTA 3305. It contains the capability
information of the GSTA 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, PZP 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 divectly
communicate and also which devices it can communicate with though an AP. The AP
can provide the database of available devices available through the AP.

[0235] Each node iz connected o the AP. However, all the traffic does not
~43-



-42 [02251 Action Field Value Meaning O DLP request 1 DLP response
2 DLP teardown 3-255 Reserved Table 6. [02261 The following Action
field Values are added. [0227] DLP Discovery Request: QSTA sends the
packet to AP to get the MAC address of the device by sending application
requirements. [02281 DLP Discovery Response: AP responds back with
MAC address of the device. [0229] DLP Teardown (modified): Action field
is added for DLP Teardown by the AP. The frame has information filed
called timer. AP expects that QSTA sends the DLP teardown message to

nedaba TR Al RG] Geddlh ik ABe it o5t (oM R L wo QN Rk A8 B each

to send optimal PITY data rate and certain other channel characteristic

othenisestinwithers vordinghe frofis Meagherhehbrieque besicalbrtmarays to

cov@iEtis ageleddor AH Bridenayie@tReduesiiFenithe 0 AP1Bs Hadoahease
STA 3305. It contains the capability information of the QSTA 3310.

tt 2] DLP Measurement Response: action item value is added for DLP

[OREshsurdmmn R espbmed dbiorantihe @8F Ay3e95aceme Qydll 834 Hllewing steps:

(088N AR EHSRL oL RATRM 1R R e M AFHIASE W i Rdd [Ahannel

~ 3310. [0233] BW Reque acket which contains foIIowmg information:
ndirseh hpate the Aisp xS iRRe PRhased 1 dhe Toppived

inRespenRscekiaiasds aidt w@mtwmme&twdocﬁaanr&mﬂ dgrE]7 wyithrough the

Af,eE;Etrahz%gI r}]gontcgioll L02.341 E%ch f)c%wmaln%ﬁl a da base of %II hcw a
devices WitR Whic |t can Enecfly communicate an also w?nt evices i or

logdn4dd etinifirc st abithtiha(igh tare AfdeEher tiFe 10am TovdlR the digidbisessign

rébaiaple devices aypilahlghiarabstheARIZ3Rl Bachdede:isn), based on

connected to the AP. However aII the traffic does not
the requirement and what is available. This information is sent to both the Node 1

and Node2 and could be sent as directed packet. Other nodes are informed so that they

are aware the resource is in use, They can be informed by broadcast to all the nodes or

by requiring all nodes to monitor AP ellocation information (even if it is not intended
for their use). This prevents other nodes from using the same resources.

02381 Inwireless LANSs the access to the medium is typically distributed. However,
the AP has 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 BT'As indicating that a specified management
resource allocation period (MRAP) shall follow for data packet exchanges and
request/reservation for polled transmissions. During the MRAP a slotted Aloha
mechanism provides access to the wireless medium.

[0239] Inthe 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.
[6240] MRAPe allow associated and unassociated STAs and AP to exchange
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-43 necessarily originate from and to the AP. In this case, the two nodes
can talk to each other directly without sending the traffic through AP.
There are basically two ways to control this process: AP control and
distributed control similar to the non-AP case above. [0236] Using AP
control this can be done by using some or all the following steps: [0237]
Nodel sends a message to the AP with destination id, BW required,
Channel information, direct hop to the destination or the like. The AP
based on the received information can decide to let the two STAs talk to
meBasitOtRel sietstia IsaHIMHb@ahPedbanEadRsReny thaBidnal packets,
strength between the two n , current network load, AP activity,
R R S S R R R
[02¢Hourtihe, {eneps meehtaiistinier, subidklcss=0s ism. In the
sloERRNERHa b RRRREA AR IRRe R ANy halin A RliANIG

ASta packet
information is sent to both the Node 1 and NodeZ2 and cou ge senatL g% oL

(srpmld deta parkels, romearscodlosalien srouatis Srtprinirajresssosiptien drguests).
Thb@ﬁ@él@ &&éail}iﬁﬁigmgcamﬁﬂsieigaiTﬁe@bhgm f el @(Hdm af&?@:&»_ Rfofland
requiring a es to monitor allocati InfQrmation (even If it Is not
mﬁ%@ﬁ 88“?%%%1“%?1’? )c.’ﬁiﬁigtp%?&%?%nﬁﬁ r%]a%gl?%m using the same
[02¢8burdes ejpesshiinlieslest nathetien ixésplentatedesti il svypichilyk off
cotlRHRM I FONGVE! o e Qlaa RIghGLRILRUN AR AR AR &Eﬁigsg%ﬁ& is

AP can therefore grab the wireless medium to administer mgnagem

tranFREtAS Yoredhnredhefl conpderhycaseeszeny thee ark efconetnin dpipras

T iAW I AL st
efined Interval (e. v e .n Jle tan I a .

A i R T 8B 13 A R SR T Sac e Cpeioe of e

confermagremiadowesowsceithl ﬂwtia_mber hfdqummsstmi bhﬁmp_t&mdﬁtﬂ; reaches
anngﬁf?@xt gxehangesand; %‘dﬁl %%@éﬂ@k%h%&&ﬂk@%&%%ﬁ?%%pmmuy

During the MRAP a slotted Aloha mechanism provides access to the

depsRdees HhedriiArigoabihe el dim ekrmerledeermnelics B fageoss delay

spbbRRE dhe VIR AR iR D S1eKS: S brotr iHRE ctRCatinpnait diwalionasltng the
the slotted Aloha parameters shall he included. .The..t could

co O A ABEH ARG SRR oY SRR ERART M Uh oAb ogpagemment of

acSFAdel iFR M0 pRAGE dibw axsseciatderdrighulvad siiatésh& TAs and AP to

[Oﬁlgpan@ﬁere are two possible methods for the AP to send acknowledgements (ACKs)

to the transmissions from STAs in the reservation siots. In one method, & 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 ancther 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 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
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-44 messages in a contention mode. The data exchange is typically small
data packets, resource allocation requests for polled transmissions,
association/reassociation requests [0241] The access mechanism for an
MRAP is a slotted Aloha mechanism. In the slotted Aloha mechanism
STAB access the wireless medium with short data packets (small data
packets, resource allocation requests, association/reassociation
requests). The wireless medium is divided into slots of size equal to the
data packet duration and transmissions are allowed only at the beginning

w&hﬁ‘%&1@%@%&3&%@@%&%@%@?&@2%%&%@% N894 8hat

foIIows A back off counter is maintained at each STA and

%%ﬁ@&%%%?%%%ﬁg%%@%ﬁﬁﬁ?@%%ﬁ%%& were

i Qe heecemetratianil HaRaficif COMURLENS BAASER @ander THREBhkoff
dIStI‘Ib.ut d random \cl)%i fro tention window. In the first attempt
t‘hne coﬁtenctcon Wi ﬁg % CETTs |5num contention window. The size of

(08481 coﬂteﬁmdﬁmmmm;tgumd Hmedheregfoscted he prissivtotemizEs ons
4l 646 2610880 AR HPRALARILLRG 1AiG AL WINGREDS GORKRRION MIACOM:ding.

grows may also optionally depend on the priority of the traffic. For
g

pRacscunsB e shaeinehaisn of the Befidhpdrift of the
JoB0 BPA Hif g ERV Eh ot haN RO ¥HEHDY TeoBlsel lﬁ)@tﬁé@mlﬁﬁ?ﬂﬁﬁast or slow

0 se the ess dela ifi catlon a ows better
re R e e e, R RNE et gt

emmmlbt@r [D2%3icThef euggetirsi podEIBR $08th by sfotehecevRrioss e RC may
e&ﬁhﬁ%mﬁ é@h@ﬁ'ﬁlﬂﬁ?ﬁﬁf‘e E@Qﬁ%ﬁ%&?@ﬁﬂmﬁﬂ O%H'Dﬁ or between

reservation slots. In one method, a collective ACK frame 3505 is sent at
tHREHTE e FRBMRCEPORSS RIS he FBiy The B maralsredmetegnard time based

ol gy agniesifARK issiyaedndiddual ditesidyal ot 8 wegoriabiat i SRA
t AP._.In another method, a transmission from
on SIS e S RES oR eSS SRREr et SR Bty me
reshivenlimger) greaBh . tithés tonbtepdaiiasabotefioesthevgietfsizeetothe same whﬂe
M&B&Qﬁﬁ%@@&lﬁeﬂﬁ the STA as well as the ACK.

o et
a¢%244] The responses to the STAB from the AP follow later in a polling
[G7&RhanfuimistRifeRsrel wtheewcmoﬂorreﬁqﬁ%%%&amthavefaﬂable
bieSIoHALE AlloGALRNAGsHBsSeSoftrASaegialese TAfhilal BUncassitelyQoS. The

Rtéa(rz]asnmeglt'ﬁgrtlrﬁ%lﬁéxerl%o%rcgm.lltlsgfoartugor}l eciuesgﬁe network or defer such admission
control decisions to 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.

[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 8710 in
accordance with the present invention. The STA 3705 obtains synchronization and
agsociation with the AP 3710 (step 3712). The AP 3710 broadeasts an EB which has
information for the IEEE 802.11n STAs about the allocations in TEEE 802.11n period
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-45 would have the association/reassociation responses for unassociated
STAB that successfully transmitted their association/reassociation
requests. The STAB that were unsuccessful have to retransmit their
packets using the back off counter. The backoff counter is decremented
only during MRAAs. [0245] In the IEEE 802.11n period, guard times are
needed to prevent transmissions in any two adjacent scheduled resource
allocations (SRAs or MSRAS) from colliding. The guard time required
depends upon the physical size of the BSS, the drift of the local STA time

rﬁ,ﬁq eal t RC clock at the STA may be fast or slow

e?tlve ot ﬁle1 [ me%e%ﬂf@jpagatlon delay may have an insignificant
lo%ﬁbct Iéépmnwamamegaﬂ%g%n@a iRIHE PegDR |Mrenesirframe by -
tr868 fhe1 RGP BYasalimatems RipaS B@H&S&% gpchine ik e crp

entire IEEE 802.11n perigd or between two schedule announcements via

ey SRreTFRPRE IvRAPL SOAS Ram rgRsmitting Ausng thetneeratsrdbiegacy
oSl @s Signinanip@tesilssdiaandystdmnin) afst the position of the SRA or

{O%?A 'ﬁf{l@g %&%ﬁaﬁﬁ F%Fa g guglr%sghec%u%lsg %c?fgqﬁlag%g reads
may require longer guar me to keep allocations gvar superframes

EBdntovete M%Eédﬁ’fﬁib’ii&ﬁig TheafTAiRZ0P deassen ainERH246pnd 2 resource
alfdatiosl %ﬁ@ﬁ@k@@%@@ﬂ%ﬁ%ﬁﬁ@éﬁ@:ﬁ&%@ﬂw Sbtpe ‘ﬁf‘e@i@ﬂ%bt% sends a

bandw%th resources. Admission_control may also be required

TSRS o BHeR THRPARCR ARttt A ThiEtR R 2dMni é“sl?ﬁrf\?oﬁ?ﬂcﬂ feeRges the
rmmﬁm@m@éﬁs anGRAISYSSINILL ATHEA PlaTHichen eaide hea@miiledgement

d 8 ther
R e b A B R
Eforbishenyainpthrivioravaiionferdhafih eapigomenikien ﬁ@&&in@he STA 3705

rdSHARIRBSIAN 1iMites W@cﬁ@f&0§ AESHEIMEUSRERTYE)) HATIGBA S8 may
Any ‘}} eam may be dm| dor i ected based on all of these criteria.

ERRIfE %?t&né £8p SHidEssigned WPRASR &R R4 708
r@%raﬁsgnmlm&mmﬂhehmma mmagmsmg (i't’é35 snsd oddenstAP

ﬁg@é&%ﬁ 04050 SRRse Vit 8(&%\/@’%&%&?”? STA 37%% on the

tains sync rOﬂIZ& 1on and associati

BFFENA isathisty e BBATCR mli@ﬁ@ﬁhhatmmqh@mrf@ end of the
aSgnbdRA MplaoubthaaliguationsdhisRE S0Pt Patifdion indicator to the

AP 3710 (steps 3742). Ifthe AP 3710 receives an end of transmission indicator or no
activity detected within DIFS, the AP 8710 reclaims the SRA resources (step 3744).
The STA 3705 may enter a standby mode until a next SRA location is read from the EB
(step 8746).

[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 ofher features and elements of the present

invention.
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-46 such as SRAs and MSRAs (step 3714). [0248] If legacy operation is
enabled, the AP 3710 begins the superframe by transmitting the legacy
beacon. In the legacy beacon, the AP announces the CFP thereby
preventing legacy 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 3705 reads EB to
locate MSRA (step 3718). The STA 3705 chooses an MSRA to send a
resource allocation request via a slotted Aloha mechanism (step 3720).
The STA 3705 sends a resource allocation request to the AP 8710 (step
3722). The AP 3710 receives the. t and assigns an SRA (step
3724). The AP 3710 then sends an acknowledgement to the STA,
Indivi ly.or collectively) (step 3726). The AP 3710 then broadcasts an
Wh%%gv\éiggﬁécg&%tains the information for the SRA assignment (step 3728).
The STA 3705 reads the EB and knows which SRA is assigned to it (step
3730). The’STeh Jrosghuy septroraliy Shicr @aRIHIBY mode until the SRA

is assigned (e 87 3n FRESTAIERR teniersdQANALIM MALRMPARd to
the assigned SRA ggglnnmg (step 3734) as the AP 3710 awaits for

recAACEP IO PR $TBEASIERCITBFT DA itrHM SRS NS A UsbiiEdhan
thedRA (slep,8738). If the STA 3705 completes the operation prior to end of
the assigned SRA (step 3740), the STA 3705 sends an end of
transmission indicator to the AP 3710 (steps 3742). If the AP 3710
recepyes arrpneiDiransMiasion ingiesitomertine eativity depestadinvititnmation
DIFS, tfée P_3710 reclaims the SRArrgesochg)é&s{fe[p 3344).1 The ST. first
elesyays Ty Rnt %OQBH%WHS%% BATaNeX SERRAA S AT o TR
be&Bn.(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
othes featuiBe: &t Sleinefsobtiecpdbamed embodisnantthorgeivgriguigirther

eiveteiagy |
cofATANALCDS NI MR BNRIGRAIHER A LR LA RGP Feesting

physical measurements.

4. The HT STA of claim 3, further comprising:

a transmitter configured to transmit a measurement response.
5. The HT STA of any one of claims 3 or 4 wherein the physicai
measurements include at least one of interference, received signal strength indicator

(RSSI, path loss or channe] quality indicator (CQI).

6. The HT STA of claim 5 wherein the physical measurements are used for

antenna calibration.
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What is claimed is: 1. A high throughput station (HT STA) comprising: a
receiver configured to receive a first beacon at a first interval, and to
receive a second beacon (SB) at a second periodic interval that is the
same or shorter than the first interval. 2. The HT STA of claim 1 wherein
the first beacon comprises an information element and the SB comprises
at least a portion of the information element of the first beacon. 3. The HT
STA of any one of claims | or 2 wherein the receiver is further configured
to receive a measurement request from an access point (AP) for
requesting physical measurements. 4. The HT STA of claim 3, further
confprisingtte tfahSMittef eopnfigerell daitransrittawheasu tbenentines pofigaher
corfighh 216,01 A ane Gl 2.0t hheteln e physical
measurements incfude at least one of interference, received signal
strength indicator (RSSI), path loss or channel quality indicator (CQI). 6.

The HT STA af 6laim:» %@E@@Eﬁ%@%@f@&%&%&ﬁ%ﬁ%@%ﬂ%@ fREthod

antenna calibration. -48 7. The HT STA of any one of claims 1 to 6
CORIEHBHE the receiver is further configured to receive a special packet for

antenna b@@é&vﬁ%ﬁﬁﬁgt%e&&ﬁ%ﬁr@ﬁrﬁ&ﬁ%?&% a wireless
communication medium, the method comprising: receiving a first beacon

at a first infEFGRIMENH YeBiReRS 8 CIMLH EatBTS B M diCsitgnal that is the
sarReHpeicHRieniakaatis thergame or shorter than the first interval. 9. The

method of 8 wherein the first beacon comprises an information element,

and wherein the SB has at least a portion of the information element of the

first dheacorhé Qudkheimetiiodvhtiairy are fokclaimnsB ondtistsean information
ele(r:r?ég ,%?1'(51 arherein the SB has at least a portion of the information element of the first

beacon.

10.  The method of any one of ciaims 8 or 9 further comprising:
receiving a measurement request for physical measurements; and

fransmitting a measurement response in response to the measurement

request.

11.  The method of claim 10 wherein the physical measurements include at
feast one of interference, received signal strength indicator (RSSI), path loss or channel

quality indicator (CQI).

12, The method of claim 11 wherein the physical measurements are used for

antenna calibration,

13.  The method of any one of claims 8 to 12 further comprising:

receiving timing information from an access point (AP).
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receiving a measurement request for physical measurements; and
transmitting a measurement response in response to the measurement
request. 11. The method of claim 10 wherein the physical measurements
include at least one of interference, received signal strength indicator
(RSSI), path loss or channel quality indicator (CQI). 12. The method of
claim 11 wherein the physical measurements are used for antenna
calibration. 13. The method of any one of claims 8 to 12 further
comprising: receiving timing information from an access point (AP). -49
14. The method of any one of claims 8 to 13 further comprising: receiving
mulfiple-injphie medtipdes Dartp oM M@ yedbabiliyiirtfemmeniprisirngthe SB. 15.
The method of any ane.of claims rgmﬁﬁ"'r niging. .
m uItipIe-inlbeS%Irﬁll}l%p eu%ﬁﬁﬁg(% If\%‘g%@gpg;&g%}?y ( I nformgtio a{)ﬁ%ﬁfﬁ@gﬁa gon
in IO capabilities of the HT STA. -50

15.  The method of any one of claims 8 to 14 further comprising:

transmitting  multiple-input  multiple-output  (MIMO)  capability
information indicating the MIMO capabilities of the HT STA.
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