WO 2005/ 067219 PCT/ US2004/ 043340 FI LLI NG THE SPACE- TI ME CHANNELS | N SDVA
Spatial -Di vision Miltiple-Access (SDMA) is a technique that allows nmultiple
i ndependent transm ssions between a wirel ess Access Point (AP) having

mul ti ple an other wirel ess devices (npbile stati
i %%Eszor(s?rﬂagc ( aﬁ%@{}%%mfog%ansm t

provi des a per e advant age by enabling the access

and receive signals to/fromnultiple stations simultaneously using
different spatial channels, which increases throughput of the existing
Wreless Local Area Networks (W.ANs). However, a need exists for SDVA to

m tigate unused channels in wuplinks and downlinks. BRI EF DESCRI PTI ON OF THE
DRAW NGS The subject nmatter regarded as the invention is particularly

poi nted out and distinctly claimed in the concluding portion of the

speci fication. The i nveFLIONG THESPHNCE-DIMB GIRFANNEDS gi$DMAI on and net hod
of operation, together wth objects, features, and advantages thereof, may
best be understood by reference to the follow ng detail ed description when

read with the accorrp%gaii ng . drawings in which: FIG 1 illustrates a network
that includes an AdedisDogpign Mulimle-Asecss (PG i lgehrdgne-thatplows j | | ustrat es

a protocol in accordance with the present invention for downlink

t ransm ssi ons;muige irBlepdnidentttransreissionshretwaso alwirdtess Aiceash Holios(Adh) havingss poi nt
generated 1 WO 2005/067219 PCT/ US2004/ 043340 schedul e for uplink

t ransm ssi ons nwitigle antentanasd sthethwirdiess dedssrimobiveatidnen; STV G previides ustrat es a
protocol that includes multiple schedul es generated by

a performance advantage by enabling the access point to transmit and receive
signals to/from multiple stations simultaneously using different spatial channels,
which increases throughput of the existing Wireless Local Area Networks
(WLANS). However, a need exists for SDMA to mitigate unused channels in

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
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an access point for uplink transm ssions in accordance with the present
invention;, FIG 5 illustrates a transm ssion that incorporates
fragnentation at the end of a protected interval; and FIG. 6 iIIustrates a
transm ssi on that |ncorporates a code rate adjustnent

protected i WOSPA? Mt will be appreciated that for mlnﬂQQW¥@m%Hﬁ”%larlty

of illustration, elenents illustrated in the figures have not necessarily
been drawn to scale. For exanpl e, the dinmensions of sone of the el enents
may be exaggerated relative to other elements for clarity. Further, where
consi dered appropriate, reference nunerals have been repeated anong the
figures to indicate corresponding or anal ogous el enents. DETAILED
DESCRIPTION I n the follow ng detail ed description, nunerous specific details

are set fort hschetutyfdeiplink tfamﬁisdensanhmr@ug&wmmdﬁqﬁésaﬂahi?@m@ﬁ t he
invention. However, it .wll be understood by those skilled in the art that

the present invent if3f- AillpsEaies Hpratocolhay 1%“!4%81“ tinlesdedecsmpateddyai 1s. In
ot her i st anceg, bl ho KGYOTRHAdSsiof ASESHLAS: v SRERORERPaA ] roul L

have not been described in detail so as not to obscure t resent
invention. In the deGl ﬁwumgatd@zstmspnssmn tlmmcotparam,fragmntaapmt theendpl ed" and
"connected, " alon gﬁelrggerivatives, may be used. It should be

under st ood trPt ?1 e not intended as synonyns for each other

Rather, in parti ClHIGr6ﬂﬁi@@ﬁibi@ﬂir&mis"sibﬁm}mﬁﬂcefﬁbrdmya dode v@eddjhamemdi cat e t hat
two or nore elenents are in direct physical or electrical contact with each
ot her. " Coupl etitheEngof o prtacRsiApiEYapCT/ US2004/ 043340 may nean that two or
nore elenments are in direct physical or electrical contact.

It will be appreciated that for simplicity and clarity of illustration,
elements illustrated in the figures have not necessarily been drawn to scale. For
example, the dimensions of some of the elements may be exaggerated relative to
other elements for clarity. Further, where 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”

2



However, "coupled” may al so nmean that two or nore elenents are not in direct
contact with each other, but yet still co-operate or interact with each
other. FIG 1 illustrates a network 100 that includes an Access Point (AP)
110 and nobjle ons (STAs) 120, 130, 140 and 150. In _sone enbodi nents,

stati
wirel ess net\ib Q%Tgﬂgis a Wreless Local Area Network (VIANYSZREM3¥%anpl e,

one or nore of nobile stations 120, 130, 140 and 150 and access point 110
may operate in conpliance with a wireless network standard such as
ANSI /1 EEE Std. 802.11, 1999 Edition, although this is not a limtation of
the present invention. As used herein, the term"802.11" refers to any
past, present, or future |IEEE 802.11 standard, or extension thereto,

i ncluding, but not limted to, the 1999 edition. Mbile stations 120, 130,

140 and 150 megap@edatiwoodr &foré @embmahre i dirdtoPhysRabéradldcaicabaadt.e of
comuni cating i.n network 100. For examgle, the nobile stations may be

conputers, perSoHaEndrgiplel” maysilsorragap dhat (e o1 wess-ckeasals ase netdR fistchr  phones,
hone audi o or ot APBIARRE S Ol > b oPFEERT 4R Al 4G, ComUN! cal es

with nobile station also referred t usi ng signal 122.
Access point 110 neliGall silustretesaneteatie] O thit indlwlss he Asteat Poimt (430 1161 so

referred to as TA2"). usin i I nopjd.e.station 40 (al so referred
to as "STA3") ng%@%gisaﬁgﬁls @I%Sgﬂ% h%gl%ﬂ%a%‘fjaior Jn sampephe 1Eilené’eferred to as
"STA4") using wirgeRhetdk 160 BRaWEcltR.ocdi3ea MRVAR WL AN )T extabiplg M t t ed

through a wireless channel in free space between access point 110 and the

various nobi | eon$toafoshel mokilestatiophidfh 130349 Ard 1rfend acesspp@iBisdP MAF0 and a

Radi o Frequencye(dih collpBRRESMES wirfleds SEEIO s@ffhrd ERASTANSTRELE 8fed signal s
fromone or nore antennas. The analog front end transceiver nay be provided

as a stand- al o¥2.Iln1¥grEdigeh, airaigh hizismetid timitettonaifther pratenviabgntione enbedded
Wi th pr oces;orAf;l &s%d P2reth me)igrgﬁ %gel 1” i;e%r?% z%;[yep st(,:li)rlége%,to'r fu-mr% Iﬁﬁﬁei ved
nodul at ed signal s are %requency own
802.11 standard, or extension thereto, including, but not limited to, the 1999
edition. Mobile stations 120, 130, 140 and 150 may be any type of terminal or
mobile station capable of communicating in network 100. For example, the
mobile stations may be computers, personal digital assistants, wireless-capable
cellular phones, 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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converted, filtered, and converted to digital signals. Access point 110 al so
3 WD 2005/ 067219 PCT/ US2004/ 043340 includes a scheduler 170, a fragnentor
180 and a code rate adjuster 190 whose features are further described

herei n. Fl Gkvo%oﬁs'/ds jrates a prot ocol in accordance wt h"(fﬁﬁ’?%‘ﬁﬁ?ﬂ&

invention for downlink transm ssions. Channel access nar he begi nni ng of
the bi- directional comuni cations between the access point and a nobile
station. The channel is accessed by the access point sending a
Clear-To-Send (CTS) frame that broadcasts a protected time interval, but

ot her schenes to broadcast a protected tinme interval may be applied. The
protected tinme interval is announced by access point 110 such that no
nobil e station contends for the mediumduring that tinme interval. The tine
i nterval | engtihclndey alsehedglenll 7@, o fitapmententfilandfa cade tatef ddustet 198 kese as | ong as

the transm ssito% oggli%rft neirt SC&T@&C% e.i n the 802, Ile standard, or another
time period w gatel)] i"HR-ES ﬁ% Pue 28ent invention. Access point 110 fills

the M spatial chanr@Gs?2 usistiated hprotbabeinpasi@inge With tiermesehoivaltion fat at i ons.
Note that this feature is in contrast to conventional Spatial-Division

Ml ti pl e- Acces¥WrBEiARnsEE Bivs Chpnsrkacerie mpsesdg bipoiiee ¢4 the 8i-t he M channel s
onl Y USi ng. PaGkRt o AN ERERclRhs Bkt hORSess TS and Biioe S deenl | nk and

prior to time to, access point 110 selects nobile stations that have
buf f ered dat a.chsSutebiducessselty thsagessipaint dondingaHeldut ks Seul @ TSadkmes t hat nmay

have differingylSROLDS.d O EARRIIREOM hA AIS sinBleR! £dagmbid e stations,
and as shown, arranges those dat'a paclke 3 pased sn - transni ssi on tines to
send on each gjrotetied gmatintadvalchaireedppliedrFhefpeatettedtiné intawhladahieondd0 i s t hat

s e e e e SR8 b oh b ZaR iR o Tor the
that time interval. The time interval length may be equal to the length of a
buffered packet as long as the transmission opportunity (TXOP) in the 802.11e
standard, or another time period without limiting the present invention. Access
point 110 fills the M spatial channels using the data packets buffered for all
stations. Note that this feature is in contrast to conventional Spatial-Division
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 tq, 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 tg) where data packets are transmitted to the mobile

stations.



signals in tinme. Accordingly, the features of scheduler 170 significantly

i nprove the throughput of SDVA on the spatial channels during the protected
time interval (begi nning at tine to) where data packets are transnmitted to
t he nmobil e 4 WD 2005/ 067219 PCT/ US2004/ 043340 dul er 170
fills M spa?/%zl% é(hannel S by scheduling the traffic for ﬁ%ﬁﬁ?ﬁ%ﬁ’é”ﬁ? any
time instant, where Mis a constant |ess than or equal to the nunber of
antennas N at the access point. For sinplicity of description and by way of
exanpl e, N antennas may form M spatial channels for Mstations at any tine
instant. The system network 100 throughput is dramatically increased when
scheduler 170 fills the Mspatial channels at all tines. The al gorithm of
schedul er 170 operates to nmaxim ze the usage of the M channels, nmaximnm ze

the total throughmsheduertiie fillk ohepakiel hanmelstyncEaiuting tha\effagier M t - error
rates that may be affected by the interference between slpatl al channel s,

and i ni ni ze tSHEOBYA RRYEMe| Ry EkRYerg M is @ copsipnhlcss thar pr ¢ne tadifect of the
present | nventgibe: AUARLKNANEETRss ALAAYS: AEBIURSH dobrb0h IR 00 Wl Lh o

beam form ng algorithmto achieve spati al rsit I'n each spati al
cell and i npl evaymf egie, N hatennas maenfgmMssp@ualphanneb;fonMestaamneatmas are

directionally fo by.sel ctlv izl ng. dj ant a_sensors
with different” r%‘{‘gﬁgt ggfﬁ emnt O%‘k reno ug}fpélglﬁldﬁ% slcgfsy HobT T e W Tations in
one portion ofscﬁedsnaumfﬂl@mk:IM BfEuyiaCehianiely 4 all @mss t Thaslgasimpdiscieddltd whil e

ot her renote ile statlonsmadlff e ortion of t es tial cell may
communi cate wit OP?féte%éPn’E‘a’&EE@’stgebﬁ?ﬂ?\P S/LH'E‘PFeli ﬁW”&‘FEr‘}l‘f g the sanme tone

set hand code. thidlg@nebivat M eRRasls, Ghinthige e @5&R%e BitMeMrhRihafBgEsS Poi nt 110
'n the SDMA affected by the interference between spatial channels, and minimize the average
latency.

In accordance with one aspect of the present invention, adaptive antenna
arrays are used in conjunction with a beam forming algorithm to achieve spatial
diversity within each spatial cell and implement SDMA. That is, signals output
by the antennas are 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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downlink first selects a group of nobile stations having buffered data, and
then fornms spatial channels using the adaptive antenna arrays to send data
to the nobile stations. To transmt data on the spatial channels, the
access point retrieyes the antenna resources to formthat s§)at| al channel ,

with capabi MYPEYE” form new channel's for a waiting mob§TESYUHIYA

devel oped on the fly. In particular, the access point broadcasts a
clear-to-send (CTS) packet to hold the nmediumfor a certain duration. Data
packets are then sent to nobile stations 120, 130, 140 and 150 using only
two spatial channels at any tine 5 WD 2005/ 067219 PCT/ US2004/ 043340 i nst ant.
In the illustrated downlink exanple, the scheduler 170 designates two data
packets, i.e., labeled Ack+Data 1 and Data 1, for nobile station 120.

Schedul er 170 igoas. npthenhlaﬁaeddf@vrﬂak@xﬁa@kqh@sdhemeﬁm degighdialtwehannel s at
the sane tinme since npbile station 120 not be eqwgped with nultiple

antennas to r@d@dackety, ke laheledhAsidraa &P%Pﬁtaﬁeglﬁﬂ%bﬂeﬂ% et e, schedul er
d bel ed
170 does not (ﬁﬁ‘?&'Q% rd&fké n%??l'a%e' tﬁ@%&%g&éﬁ@tﬁ ifth tt\? e;ﬁjaglralachggxgégfet eabel ed Data 1

with either the ta packet or t at a | abel ed
Ack+Dat a 3. Furmbhé&mesiree niobile stagonol2® modyanoh bé e@fippedivathcpultiplt anwonasase

h h , | hm_of h d
packet | abel cdo BAP R R PR tE it Eahe el ap Pl 171G gl 5 ©

illustrates a eRéRngetk pokitibn bt ladesdatpaRkaeselddddid 1 gemeithérate dgchedul e for
uplink transm ssi o%; in_accordance with the present invention. In the

upl i nk, schedwaeket ppled Data 2 ardthedast E%Ck?tH%beﬂerdaﬁ@(FhDsf‘éq DrFrheEnealte f or

di fferent rmmnbff‘ovét:ﬁédnen&ﬁaawaqh irdale highpdf th GlobRfnd SRLAQRIRDOUt the
stations such as, for exanple, packet size, queue size and priority. This

i nformation mey0 ldeeseusxq gkehenge tb@/dmp@;kst lplmlenitDm@ withrtbeigdta padket lalelask
pi ggy-back fegdback from nobile stations
FIG. 3 illustrates a protocol that includes an access point generated
schedule for uplink transmissions in accordance with the present invention. In
the uplink, scheduler 170 first schedules the transmission intervals for different
mobile stations according to the traffic information about the stations such as, for
example, packet size, queue size and priority. This information may 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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120, 130, 140 and 150. The optim zation goals of scheduler 170 are the sane
as those listed for the dowlink. As shown in the figure, the access point
broadcasts the schedule to all the nobile stations and listens to the
uplink packets. Th acknow edgenents of the uplink data packets may be sent
i n nor nal g’M?%ﬁ%%ackets. The access point broadcast sT$HERUAEHI! e packet
in order to both announce the transm ssion opportunities (or intervals) and
hold the nmediumfor a certain duration. After the broadcasted schedule is
received by nobile stations 120, 130, 140 and 150, the addressed stations
respond by sending their data packets within the specified intervals.
Mobi l e station 120 (STAl) is assigned two tinme intervals and that station
sends two packets in the first interval and one packet in the second

interval . AcceaBsciiandntehhe, sitece the @beliasts dirbgedsaied il toShdtale datiomni 6 WO
2005/ 067219 PCT/ 1352004/ 043340 _directional antenna, since the schedule is
directed col | &2Pi 1A% {AQ @dilefi and therg aregidy twpspatial Qepnngla gvailgble peachand t here
are only two spadinghnichannel s avail able at each tine instant, FIG 4
illustrates a protocol that includes multiple schedul es generated by access
point 110 for upli AkGt4 dhstmatesd protocplthaidudrddamelipld schedles genersiedby

invention, If t mj Qi £ ecti I .enna n,.not reach nobile stations
based on disfg%%%?&2%5@$§f“@%%§%ﬁﬁﬁﬁ%g%wgﬁé%ﬁﬁg‘%gﬁﬁﬁFlgﬁgmhay be sent

t hr ough spat i ahvenéib@nifeheSonthitdirebiiglabfinté@inh @ iigot gaich snobilB etafib@wagedidnl ustr at es
an exanple for two schedu]e Packets, where the first schedul e packet is
prepared for rfo#ice sysl sshedulepaskqtsmatesd ofippe Mgy be santshroughspetid second

schedul e paCkeéhaﬁ&lsRﬁiﬁPﬁ?E& adhRfna FRR. 1 8eHoblel iBPratdGn E2HR (RGP0 150 (STA4).
In other words, the first schedul e packet schedules the uplink tine

i nterval usi ngchysiate parkash avhges the post srhedule packqtAd prepared for mobile stations
120 (STA1) and 130 (STA2) and the second schedule packet is prepared for

mobile stations 140 (STA3) and 150 (STA4). In other words, the first schedule
packet schedules the uplink time interval using spatial channels pointed to STA1
and STA2, and the second schedule packet schedules the uplink time interval
using spatial 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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and STA2, and the second schedul e packet schedules the uplink tinme interval
using spatial channels pointed to STA3 and STA4. FIG 5 illustrates a
transm ssion of data packets that incorporates fragnentation at the end of
a protected interval to inprove the channel efficiency. The fragmentor 180
in access p¥PH" 1M BF1¥see FIG 1) and a fragmentor unit i THEB34Y ati ons
120, 130, 140 and 150 may enpl oy fragnentation to conpletely fill the
space-tine channels in the downlink. For exanple, the access point may fill
t he channel s of data packets next to each other and fragnent sone packets at
the end of the protected interval, although this is not a limtation of the
present invention. As shown in the figure, the data packet prepared for
nobile station 150 (STA4) is fragnented to fit the protected interval. Note

that since dat@de ReGKRli% RN AdERAEHRERBNIFRES cSRBtn the phikfkah&Rfay mobI | €
stations though different spatial channels, they are placed nex%, to each

ot her and do rrseempdesgdieiighe spagsaiiag euntsls. L@legnte afivsierenreaarhe appliadi ng
(SIFS). FIG il t. 1.5 5 t porates a
Code rate adariea bRAERAuPhe pRRRKS ik LATIDETAER I MEY UBERY OO

adj ust nent changescichse thecHAfr2OAThOFaCREPeRTTst, UBARGHUE DAvEBd@le ratodieayr at es of
the Forward Error-Correctjo FEC) codes.in the packets and nmay be enpl oyed
Lo Ti 11 the BB trCRya AP e aen dhe SercrsRebHdt BeAioe SEBR ed  t o

nul tiple packehsy ya'ﬁshtmﬁaa@et&hgm@tcﬁ%girrgttﬁéu@de-rad&%@rﬁalaﬁ@t@e hi gher code rate
may increase the chance that the packet gets lost, while the | ower code rate

may i ncrease appeoPriatgdradeasts. Sinee diragcesapriat wualihis ngbpews cpsaht and t he

TaKi ng the. apRr s e L B R e R ot
power criti calfjgure, dtumidagatt bithe tatter Dath @ packef hds|betheedotnnel thatsy be desired.
As illustrat edref-izﬂ)iltltgels increased without reducing the system throughput.

By now it should be apparent that a Medium Access Control (MAC)
protocol may be used to enhance the efficiency of SDMA systems in accordance
with features of the present invention, such features including fragmentation, data
traffic scheduling, adding error rate control bits and retrieving antenna resources
to form spatial channels 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.



figure, the code rate of the latter Data 1 packet has been reduced such that
its reliability is increased without reducing the systemthroughput. By now
it should be apparent that a Medium Access Control (MAC) protocol my be
used to enhance the efficiency of SDVA systens in accordance wth features
of the present invention, such features including fragnentation, data
traffic scheduling, adding error rate control bits and retrieving antenna
resources to formspatial channels devel oped on the fly. Wiile certain
features of the invention have been illustrated and described herein, many
modi fications,~gipstitutions, changes, and equivalents will now occur to
those skilled in the art. It is, therefore, to be understood that the
appended clains are intended to cover all such nodifications and changes as
fall vvlthl n the t(rjlge s%aé‘kce(,)éonté&ginigpv_enti on. 8 dains: 1. A device,
conprising: a schedul er 'in an’access~point to provide a schedule of variable
| ength packets bas®sthedultrriaas aicssipoint to preddd oschatulk ¢hvafigiad leagthchannel s to
nobi |l e stations ?% ficlilin_ M.spatjal channels for traffic _on M stations at
a tine instantPaKGhRmE mlflgnsguis o qegggnqugﬂ Cé?m’é damopile tationther of
antennas at the accessbbﬁgi.nt 2. .%h device gd claim1 further including
adaptive antenna arrays”U%ge M fpati ﬁF‘iPﬁElff%ﬁ’a ot M sRHAnhH 2 & FRE iytadt gor i t hm
to achieve spatial di vewhért W BRaGonsdtdhPleeat orRad! té\h nddhdek 81 Mfenlyhd 4t kil €- Access
(SDVR), wherein the adaptive antenna array changes beam wei ghts based on
the schedul e. 3. THESHEPMEe of claim 1 wherein the scheduler in the downlink
provides the schedule of transm ssion intervals for different nobile
stations. 2. The device of claim 1 further including adaptive antenna arrays used

in conjunction with a beam forming algorithm to achieve spatial diversity and

implement Spatial-Division Multiple-Access (SDMA), wherein the adaptive antenna

array changes beam weights based on the schedule.

3. The device of claim 1 wherein the scheduler in the downlink provides

the schedule of transmission intervals for different mobile stations.

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.



4. The device of claim1 wherein the schedule accounts for traffic
information to the nobile stations based on packet size. 5. The device of
claim 1l wherein the schedul e accounts for traffic information to the nobile
stations based on queue size. 6. The device of claim 1l wherein the schedul e
accounts for traffic information to the nobile stations based on priority.
7. The device of claim1 wherein the access point sends nmultiple schedules
in a protected tinme interval to the nobile stations. 9 8. The device of
claim7 wherein a first schedule of the nultiple schedules is sent to a
first nobile station and a second schedule is sent to a second nobile
station. 9. The dew ce &he ¢avigeof dlaihémaeminafastsckayls opBieqmultiple | s spati al
channel s ust Mdsfigs £ E&t@gggs?%bﬁy%t%%dg%coﬁ& %chgtﬂﬁ"e 1708 h£a Saghgons. 10. A
met hod for a Medi um Access ntro ) protocol, conprising: ‘scheduling
vari abl e | engtrowhilastettrs i n an access point based on transmission tinmes to
send on spatial channels to nobile stations by filling Mspatial channels
for traffic on Mstations at a tinme instant, where Mis a constant |ess than

or equal to a nunber of ThoE&ivaasciaim | hereRABE TR Poiit fillsléatial channels

using the data packets buffered for all the mobile stations.

10. 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 by filling M

spatial channels for traffic on M stations at a time instant,

where M is a constant less than or equal to a2 number of antennas at the

access point.
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