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a W reless Access Point (AP) having nultiple antennas
and other wreless devices (nobile stations). SDVA
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existing Wreless Local Area Networks (W.ANs).
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schedules gener ated by
uplinks and downlinks.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out
and distinctly claimed in the concluding portion of the specification. The
invention, however, both as to organization and method of operation, together
with objects, features, and advantages thereof, may best be understood by
reference to the following detailed description when read with the accompanying

drawings in which:

FIG. 1 illustrates a network that includes an Access Point (AP) and
mobile stations;

FIG. 2 illustrates a protocol in accordance with the present invention for
downlink transmissions;

FIG. 3 illustrates a protocol that includes an access point generated
1



an access point for uplink transm ssions in accordance

wWth the present invention; FIG 5 illustrates a

WO e@8®6i2$%i on t hat i ncorporates fragmentati on BCT/UR®04/043340
end of a protected interval; and FIG 6 illustrates a
transm ssion that incorporates a code rate adjustnent
at the end of a protected interval. It wll be
appreciated that for sinplicity and clarity of
illustration, elements illustrated in the figures have

not necessarily been drawn to scale. For exanple, the
di nensj aons of some of the elenents may be exaggerated
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5§89 ohd BOLFHdE8 e @ monent s and circuits have not

been described in detail so as not to obscure the
present invention. In the follow ng description and
clai mslt w%lé)eta@pmlateﬂdb@ ferjsmmlvdlty emhdemyezf ilusstaging,

elt g}eétloo%stgag dltl}ll?l% & %uri: l}an,é gf nétd starlly l%eeﬁgloeﬁmggobs%ale For

sy BFhé aimé8 s of fishie oftaé Bl%fnentsﬁn:@alﬁd éxagb@tted relative to
enmbodi ments, "connected"” nay be used to indicate that
t fihenelemsnts for clarity. Further, whére considered appropriate, reference
numerals have been repeated among the figures to indicate corresponding or

analogous elements.
DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the invention. However, it
will be understood by those skilled in the art that the present invention may be
practiced without these specific details. In other instances, well-known methods,
procedures, components and circuits have not been described in detail so as not to
obscure the present invention.

In the following description and claims, the terms “coupled” and
“connected,” along with their derivatives, may be used. It should be understood
that these terms are not intended as synonyms for each other. Rather, in
particular embodiments, “connected” may be used to indicate that two or more

elements are in direct physical or electrical contact with each other. “Coupled”
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el enments are in direct physical or electrical contact
with each other. "Coupled'nmay nean that two or nore
web@see2$9 are in direct physical or el ectrical PECDOSE04/043340
However, "coupled" may al so nmean that two or nore
el enents are not in direct contact wth each other,
but yet still co-operate or interact with each ot her.
FIG 1 illustrates a network 100 that includes an
Access Point (AP) 110 and nobile stations (STAs) 120,
130, 140 and 150. In sone enbodi nents, wreless
network 100 is a Wreless Local Area Network (WAN).
Folay axcanhas two ge m@re ﬁgménté frenpisieet Byaichlorslecpical g@gact.
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space between access point 110 and the various nobile
steliylaphones, home audio or video appliances, or the like.

Access point 110 communicates with mobile station 120 (also referred to
as “STA1”) using signal 122. Access point 110 may also communicate with
mobile station 130 (also referred to as “STA2”) using signal 132, mobile station
140 (also referred to as “STA3”) using signal 142 and mobile station 150 (also
referred to as “STA4”) using signal 152. Signals 122, 132, 142 and 152 are
transmitted through a wireless channel in free space between access point 110 and
the various mobile stations.

Access point 110 includes a processor 160 and a Radio Frequency (RF)
transceiver to receive and transmit modulated signals from one or more antennas.
The analog front end transceiver may be provided as a stand-alone integrated
analog circuit, or alternatively, be embedded with processor 160 as a mixed-mode
integrated circuit. The received modulated signals are frequency down-

converted, filtered, and converted to digital signals. Access point 110 also
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Access point 110 includes a processor 160 and a Radio

Frequency (RF) transceiver to receive and transmt
wore@ale2ed signals fromone or nore antennas. HAEEUS2004/043340

anal og front end transceiver nay be provided as a

stand-al one integrated analog circuit, or

alternatively, be enbedded with processor 160 as a

m xed- node integrated circuit. The received nodul at ed

signals are frequency downconverted, filtered, and

converted to digital signals. Access point 110

al soi ncl udes a scheduler 170, a fragnmentor 180 and a
clideng schedpligs 1 @), afogmeniss d 39 end acede meaditerHOp whose

dﬁ%ﬁ& :ﬁgﬁﬂﬂ& ﬁa¥ﬂﬁg§%mgmjllustrates a protocol in

accor dance mn e present invention for downlink
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scllimrrelss hocebs‘edaxycmsaccassmoﬁmesemhdg t iGTeariTh- SasndadC’Eﬂa)frah&
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TXOP) i he | h
© FClind B ob Tigme Moy Bt e BsBiico e Bheh gt "
Apefessd padkiet aslbAg hd the $raf1§iﬁls§‘i’bﬁ BF%(brﬂimtﬁ}'Wﬂm) Sn Ui 90d.11e

the data packets buffered for all stations. Note that
t piradard o gnethpitine pesénst Witheut digniting thenwesgatinvention. Access
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downl i nk and grlor to tinme to, access point 110
Multiple-Access (SDMA) systems where the access point fills the M channels

only using packets buffered for M stations.
Thus, in the SDMA downlink and prior to time tg, access point 110

selects mobile stations that have buffered data. Scheduler 170 (see FIG. 1)
schedules data packets that may have differing lengths for transmission to the
selected mobile stations, and as shown, arranges those data packets based on
transmission times to send on each of the spatial channels. One feature of
scheduler 170 is that the system resources of SDMA are efficiently utilized by
accounting for the differences in packet lengths to fill the spatial channels by
signals in time. Accordingly, the features of scheduler 170 significantly improve

the throughput of SDMA on the spatial channels during the protected time
interval (beginning at time ty) where data packets are transmitted to the mobile

stations.



sel ects nobile stations that have buffered data.

Schedul er 170 (see FIG 1) schedul es data packets that
woreapshereed di ffering | engths for transm ssion tRCT/H82004/043340
sel ected nobile stations, and as shown, arranges those

dat a packets based on transmission tinmes to send on
each of the spatial channels. One feature of schedul er
170 is that the systemresources of SDVA are
efficiently utilized by accounting for the differences
in packet lengths to fill the spatial channels by
signals in time. Accordingly, the features of
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Sby Rl StcdubPatt directionally formed by selectively energizing different

antenna sensors with different signal gains so that remote terminals or mobile
stations in one portion of a spatial cell may communicate with access point 110
while other remote mobile stations in a different portion of the spatial cell may
communicate with the same access point, even if they are using the same tone set
and code.

In another aspect of the present invention, access point 110 in the SDMA
downlink first selects a group of mobile stations having buffered data, and then
forms spatial channels using the adaptive antenna arrays to send data to the
mobile stations. To transmit data on the spatial channels, the access point
retrieves the antenna resources to form that spatial channel, with capabilities to
form new channels for a waiting mobile station developed on the fly.

In particular, the access point broadcasts a clear-to-send (CTS) packet to
hold the medium for a certain duration. Data packets are then sent to mobile

stations 120, 130, 140 and 150 using only two spatial channels at any time
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by the antennas are directionally formed by

sel ectively energizing different antenna sensors wth
waledosmerme si gnal gains so that renote ternm naPGI/U82004/043340

nobil e stations in one portion of a spatial cell may

communi cate with access point 110 while other renote

nobile stations in a different portion of the spati al

cell may communicate with the sane access point, even

if they are using the sane tone set and code. In

anot her aspect of the present invention, access point

110 in the SDVA downlink first selects adg/r oup
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ﬁa X . . . 0 Sp
al?Pffe same tine since nobile station 120 may not be
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packets simultaneously. Therefore, schedul er 170 does

neshedie herngdink renpaissionson aseordence|veth e pesent ipyakien. In
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Fulbbike statiers, acterdingns ehearatiaiifoimaaiohiaboeinthy statidns such as, for

! Qxcainep?é%atc&rt gi%%,hq%léﬁé sitzé1 e?ndallar%]grgtiy.t I"Fll‘wisoiIlfO?rcr:llglt(:i‘gr;J I|n§§ be acquired
by access point 110 through polling or piggy-back feedback from mobile stations
120, 130, 140 and 150. The optimization goals of scheduler 170 are the same as
those listed for the downlink. As shown in the figure, the access point broadcasts
the schedule to all the mobile stations and listens to the uplink packets. The
acknowledgements of the uplink data packets may be sent in normal downlink
packets.

The access point broadcasts the schedule packet in order to both announce
the transmission opportunities (or intervals) and hold the medium for a certain
duration. After the broadcasted schedule is received by mobile stations 120, 130,
140 and 150, the addressed stations respond by sending their data packets within
the specified intervals. Mobile station 120 (STA1) is assigned two time intervals

and that station sends two packets in the first interval and one packet in the

second interval. Access point 110 may broadcast the schedule using an omni-
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170 does not exchange the data packet |abeled Data 1
with the data packet | abeled Data 4. FIG 3
WO Rdoase2ed es a protocol that includes an accesBCPUBI004/043340
generated schedule for uplink transm ssions in
accordance with the present invention. In the uplink,
schedul er 170 first schedul es the transm ssion
intervals for different nobile stations according to
the traffic information about the stations such as,
for exanple, packet size, queue size and priority.
This informati on nmay be acquired by access point 110

t Hirelighalpstannacsinge the sepdwladkdifestadiraliretivebntorraehilestations
i , 0 X . i i I
SR GG LR D B O T R

deiwelihdtdat. AS shown in the figure, the access point
broadcasts the schedule to all the npbile stations and
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r€H£EM§QWﬁMﬁg%Q%h§mﬁ5g&h&n?héﬁgne%ﬁ%naéﬁgnéﬁgmﬁé@mtk%e
addressed stations reSpond by Sending their data
padicdtls packets, whieteeths fizstisthesldld prcket uspreparkt or mohdleastdtions

120 FSrK L 3P 7S A ok B2 st s Rl i b or
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may broadcast the schedul e using an omi directiona
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BN R B S R G i
| Bsih@Bpatial channels pointed to STA3 and STA4.

FIG. 5 illustrates a transmission of data packets that incorporates
fragmentation at the end of a protected interval to improve the channel efficiency.
The fragmentor 180 in access point 110 (see FIG. 1) and a fragmentor unit in
mobile stations 120, 130, 140 and 150 may employ fragmentation to completely
fill the space-time channels in the downlink. For example, the access point may
fill the channels of data packets next to each other and fragment some packets at
the end of the protected interval, although this is not a limitation of the present
invention. As shown in the figure, the data packet prepared for mobile station
150 (STA4) is fragmented to fit the protected interval. Note that since data
packets Data 2 and Data 3 are sent to different mobile stations through different
spatial channels, they are placed next to each other and do not need to be
separated by a Short Inter-Frame Spacing (SIFS).

FIG. 6 illustrates a data packet transmission that incorporates a code rate

adjustment at the end of a protected interval. Code rate adjustment changes the
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FIG 4 illustrates a protocol that includes nmultiple
schedul es generated by access point 110 for uplink

W@ e@Bs6i2$si ons i n accordance with the present PCT/US2004/043340
invention. If the omi-directional antenna can not
reach nobil e stations based on di stance, severa
schedul e packets instead of one nay be sent through
spatial channels with higher antenna gains. The figure
illustrates an exanple for two schedul e packets, where
the first schedul e packet is prepared for nobile
stations 120 (STAl) _and 130 (STA2) and the second
s Eoflsdates o whigl Byraarfapreestipn (Flaebeqdss it deipeckstsiand may
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i maé ﬁ%ﬁasséh%@lagﬁa@atafhe erekshests losbivhiledhe B’“§TA@d%fﬁ@ may
asE1HE lemth bf 8 WER §k RSSO 288 Ll‘tfjcﬁﬁi@blle stations

ets that” incorpor ragnentat’i on at
anqay atlpct td packeetength lim:hangngvle: dode ratbandelaking the
i Ci nentor 180 in cess. point 1

eff|C|enc¥. Igﬁ fra %f 1
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fill the space-tine Channels in the
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present invention. As shown in the flgfre t he data

pa@mol prapaed feonbaassitheciicnrnal IBYA systerys jngiccordance

f et
SI e, eg{nt%g otf glgigg%ssehtggyg{tl%h St ﬁgaz{tlﬂleg {ncﬂld‘n%%l?{lgq'{lé aq}on data
dtrﬁﬁfmrsehédlﬂmgj ddeinst edor @4ts cbﬂftfcﬂ Uirk anld feteevding aitpratairédources
chapnel s, .th are placed next to each other and do
nis foraspatial gémels developed on the fly.

‘While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes, and equivalents will now
occur to those skilled in the art. It is, therefore, to be understood that the
appended claims are intended to cover all such modifications and changes as fall

within the true spirit of the invention.



separated by a Short Inter-Frane Spacing (SIFS). FIG
6 illustrates a data packet transm ssion that

W0 p@engnIat es a code rate adjustnent at the enPCDUSH04/043340
protected interval. Code rate adjustnent changes
t hecode rates of the Forward Error-Correction (FEC)
codes in the packets and nay be enployed to fill the
space-ti ne channel s. Code rate adjustnent can be
applied to multiple packets within the protected
interval. Note that a higher code rate may increase
the chance that the packet gets lost, while the | ower
code rate may increase the length of the data packets.
The access point and the nobile stations nmay adj ust
t?ﬁhﬁgcket | engt h by changi ng the code rate and neki ng
the appropriate tradeoffs. Since the access point
usually is not power critical, reducing the code rate
to fil] the channels may be desired. As illustrated in
t he fifgure,’Ax HeCT 6EPHEME of the latter Data 1 packet
has begghe@dsiGe dn a4ehs pdiatto :pfroizide@l dcR&uld dfYatidble length
i ncreased w thout reducing the systemthroughput. By
rigARkets based on rapeniapermtiaag torsped omspriidichannalsde sxobde siations.
(MAC) protocol may be used to enhance the efficiency
of SDVA systens in accordance with features of the
presen®. i nvlwrtdeviae ofciaim 1 éather msludingladahtivg antenna arrays used

fragnentatio ata_traffic scheduling, addi.n rro
TR s PR 4 St iR S et RE g RLaS
figfpRrsdR Shalal-Oariog Mul 88 A @RS ASDMA)Whérk i thd¥MidabBve antenna
certain features of the invention have been

i FTayshanges Geaym i cipbisciaseseen the pdedule.nany nodi fi cati ons,
substitutions, changes, and equivalents wll now occur
to those skilled in the art. It is, therefore, to be
under s3.ood Thealkvich ef clpipe h dddrenl the peheduler inrthedwadink grovides

P R o Rl R R P ERBP BT e

4, The device of claim 1 wherein the schedule accounts for traffic

information to the mobile stations based on packet size.

5. The device of claim 1 wherein the schedule accounts for traffic

information to the mobile stations based on queue size.

6. The device of claim 1 wherein the schedule accounts for traffic

information to the mobile stations based on priority.

7. The device of claim 1 wherein the access point sends multiple

schedules in a protected time interval to the mobile stations.



1. A device, conprising: a scheduler in an access
point to provide a schedul e of variable | ength packets
whamemdenam t r ansm ssion tinmes to send on spati aPCT/US2004/043340
channel s to nobile stations. 2. The device of claim1l
further including adaptive antenna arrays used in
conjunction with a beamformng algorithmto achi eve
spatial diversity and inplenent Spatial-D vision
Mul ti pl e-Access (SDVA), wherein the adaptive antenna
array changes beam wei ghts based on the schedule. 3.
The device of claim1l wherein the scheduler in the
downl i nk provi des the schedul e of transm ssion
intervals for different nobile stations 4. The device
of clagm1 m%%b@ofaﬁﬁ’?%%ﬁﬁ&'? B%e Lt éﬁé c
information to the nobile stations on pac
sichedulés, is Feme tockefiistcmobifie statmnrand a\shmnmsnhddhb isseneul second
a@%ﬁfesttﬁct for traffic information to the nobile
stations Based on queue size. 6. The device of claim1
wherein the schedul e accounts for traffic |nfornat|on

to the nobi | e stations, based on priority
devi cedof cibgidsviee phepig hwhesingdbe é%swlﬁtfﬂ@émi@l channels

n%llﬂ% HRE @atﬁ?ﬁ‘&@{‘élb%ﬁefeﬁ £8r QL %Bg@'stwm interval to the

e stations device of claim 7 wherein a
first schedule of the nultiple schedules is sent to a
first bi | ti.on and a second schedule is sent to
a secoﬂg no é%&: POA"'9. The device of claim1

wher ei @ sdhhdillaaﬁ as scq@@s pdintfto kdcsive patficinfemaivielém dsles@ one
t he dat a. packets. ered for all the nobile stations.
1gobi %@Wd% an ppli ?’V v éhe traffic information is used to schedule packets

to the at least one mobile station in a downlink.
11.  The device of claim 10, wherein the scheduler in the access point
provides scheduled, variable length packets on spatial channels to the at least one

mobile station.

12.  The device of claim 10, wherein the access point polls to acquire

packet size information from the at least one mobile station.

13.  The device of claim 10, wherein the access point polls to acquire

queue size information from the at least one mobile station.

14.  The device of claim 10, wherein the access point polls to acquire

priority information from the at least one mobile station.
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a scheduler in an access point to receive traffic

information fromat |east one nobile station in an
waiplosnk2imhere the traffic informati on i s usedP@DUS2004/043340

schedul e packets to the at | east one nobile station in

a downlink. 11. The device of claim 10, wherein the

schedul er in the access point provides schedul ed,

vari abl e I ength packets on spatial channels to the at

| east one nobile station. 12. The device of claim 10,

wherein the access point polls to acquire packet size

information fromthe at | east one nobile station. 13.

The device of claim 10, wherein the access point polls

to acquire queue size information fromthe at | east

one nopi | e flaflRB of a'lﬂxm 10 %Yl‘{é?e\fﬁ i agéesﬂr)éfnf'}e%gi’ves iggy-back

wherei n the access polnt po to acquite priorit 9

i febdiraniatao aquire pmkbifmzeﬂnfolrmm foore theodbidast erteanholile. st&ion.

The device of claim 10, wherein the access point

recei ves piggy-back feedback to acquire packet size

i nf or med.i orTHerdeMict beclaim | & atieredintheoédss poist f:chlQBs pi&By-back
The device of claim 10, wherein the access

r edhagk L 3a5s TwRe RIZe dfamnien fignyibg at leest e a@bslp pation.
information fromthe at | east one nobile station. 17.

The device of claim 10, wherein the access point

recei v€& piHpydelime kf Eleimtl b okhetedn thequéeseppint mcéiivys piggy-back
i pf ar ion fromthe at |east one bil e st Q

R PRI Qg iRt Bl o e s M SluaR

an acknow edgenent of an uplink data packet to the at

| east bi| e, st t|on n,a normal downli nk packet
19. A ﬁ@u?ﬁi c{%}?ﬁp 10 whtreindhe peeessipdng sgnds an

NEKWOKIed gt of an uplink data packet to the at least one mobile station in a
normal downlink packet.

19. A system, comprising:
mobile stations in a network; and
an access point having a scheduler to add code bits to a data packet to send

on spatial channels to at least one mobile station.

20.  The system of claim 19 further including a code rate adjuster to add a
code rate adjustment to at least one data packet within a protected interval of a data

packet transmission.

21.  The system of claim 19 wherein the code rate adjuster changes a code
rate of Forward Error-Correction (FEC) codes in the data packet to fill space-time

channels.
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an access point having a scheduler to add code bits to

a data packet to send on spatial channels to at |east
woep@snehid e station. 20. The system of cl ai m 1BCT/U8100€043340

including a code rate adjuster to add a code rate

adjustnent to at |east one data packet within a

‘protected interval of a data packet transm ssion. 21.

The system of claim 19 wherein the code rate adjuster

changes a code rate of Forward Error-Correction (FEC

codes in the data packet to fill space-tine

channel s. 22. The system of claim 19 wherein the access

poi nt provides a packet to hold a nmediumfor a certain

duration and the schedul er controls comuni cation

traffig on | |

data pasikeriepur el At P URGS B ol i bBOidk Fpacket o

t vdd & wedmypafior alcertdiadwmatien atd thévechsdutter ¢ontrels cZ)fmmwmcanon

s G5 o SRR RISl P dat BRRDE hon e BB on

f naieRRtRh iR thedwdlspht@l chandfIe abi@k SaR@GHe! W thin a
protected interval to send to at | east one nobile

station. 24. The W.AN of claim 23, further including a
f ragmepy or ion to
use fragner#g{ll}eéér?g%ggb?fa’?%a Ig(gtg@ék; Aﬂg’haﬁ thuﬁi;

downl i mkblters_mtm,sasdon to the access poi nt 25 The
g\yﬁgrl\ll n g{llsa%lg(%ls 518][11 toplg%%?rgteﬁlga%{ne{lgg E(ﬁeg &aﬁt 9116 é.?ga packet within

f & pomeRl snt@val t63&id 0 RACledAbae pRBHE . hi n t he
protected interval. 26. A nethod for a Medi um Access

Control (MAC) protocol, conprising:
24.  The WLAN of claim 23, further including a fragmentor unit in the at

least one mobile station to use fragmentation to fill space-time channels in a

downlink transmission to the access point.

25.  The WLAN of claim 23 wherein the access point fills channels of data
packets next to each other and fragments at least one data packet within the protected

interval.

26. A method for a Medium Access Control (MAC) protocol, comprising:
scheduling variable length packets in an access point based on transmission

times to send on spatial channels to mobile stations.

27.  The method of claim 26, further including:
retrieving antenna resources in the access point to form spatial channels

developed on the fly for a waiting mobile station.
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schedul i ng variabl e I ength packets in an access point
based on transm ssion tines to send on spatia
w@hb@snel2$9 t 0 nobil e stations. 27. The net hod oPCTIUS1003/043340
26, further including: retrieving antenna resources in
the access point to formspatial channels devel oped on
the fly for a waiting nobile station.28. The nethod of
claim 26, further including: fragnmenting at | east one
data packet within a protected interval to send to at
| east one of the nobile stations. 29. The nethod of
claim 26, further including: using a code rate
adj ustment to change code rates of Forward Error-
Correction (FEC) codes in at |east one of the variable

I engt h280 ac kl%tesfnéﬂ?oé Aflciaillhli%, ﬁl&ﬁéﬂ iﬁlclu(dn%p nel's.

fragmenting at least one data packet within a protected interval to send to at

least one of the mobile stations.

29. The method of claim 26, further including:
using a code rate adjustment to change code rates of Forward Error-
Correction (FEC) codes in at least one of the variable length packets to fill the spatial

channels.
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