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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



FIG 4 illustrates a protocol that includes nmultiple
schedul es generated by an access point for uplink
W@ e@e6M285i ons i n accordance with the present PCT/US2004/043340

invention; FIG 5 illustrates a transm ssion that

i ncorporates fragnentation at the end of a protected
interval; and FIG 6 illustrates a transm ssion that

i ncorporates a code rate adjustnent at the end of a
protected interval. It will be appreciated that for
simplicity and clarity of illustration, elenments
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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



WO 21111 5 /16 7 2 1 9 PCT/US211114 /0 4 3 3 411 may
mean that two or nore elenents are in direct physical
W@roosher1y i cal contact. However, "coupled" neBCHEUS2904/043340
nean 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 nobile
stations (STAs) 120, 130, 140 and 150. In sone
enbodi nents, wreless network 100 is a Wrel ess Local
Area Netvvork (WLAN). For exanple, one or nore_ of
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as “STAl”) using signal 122. Access point 110 may also communicate with

mobile station 130 (also referred to as “STAZ2”) 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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The anal og front end transceiver may be provided as a
stand-al one integrated analog circuit, or

W@ Laosneia1d vel y, be enbedded with processor 160PGEEUS2004/043340
m xed-nmode integrated circuit. The recei ved nodul at ed
signals are frequency down- converted, filtered, and
converted to digital signals. Access point 110 also 3
WO 21111 5 /16 7 2 1 9 PCT/US211114 /0 4 3 3 411
i ncludes a scheduler 170, a fragnmentor 180 and a code
rate adj uster 190 mhose features are further
descri bed herein. FIG illustrates a protocol in
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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 tp) where data packets are transmitted to the mobile

stations.



sel ected nobile stations, and as shown, arranges those

dat a packets based on transmssion tines to send on
W@2wR0eR1% he spatial channels. One feature of PCT/US2004/043340

schedul er 170 is that the systemresources of SDVA are

efficiently utilized by accounting for the

differences in packet lengths to fill the spati al

channels by signals in tine. Accordingly, the

features of scheduler 170 significantly inprove the

t hroughput of SDMA on the spatial channels during the

protected tinme interval fbegi nning at time t0) where
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t SRLRRIRSERSOB} WdH—B Bliif;%gent signa gz?ins go 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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stations in one portion of a spatial cell may

communi cate with access point 110 while other renote
WOorplse728t ati ons in a different portion of thePGRES$S1084/043340

cell may communicate with the sanme access point, even

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

anot her aspect of the present invention, access point

110 in the SDVA downlink first selects a group of

nobi |l e stations having buffered data, and then forns

spatial channels using the adaptive antenna arrays to

send data to the nobile stations. To transnit data on
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Schedul er 170 does not place the data packets into two
shét dagh nohexvhengs the dathpackshlebeled Ratas] wath thodats packet labeled
s%att i4on 120 may not be equi pped with nultiple antennas
to?fetei ve the two packets simultaneously. Therefore,

scheduFgs. LiRsEN&sa ﬁﬁ\@tocoﬁt?lﬁlﬁfﬁ@tﬂgﬂei difadeesifoif zetdrated e
| atter data_packet | abeled Data 1 wiith either the data
réitle forppliak trapgaisgionsyinppeordaics Vakicke Prosgldpgtion. In
+ t . i .
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! g{%?rllp g, plz?age% silze,vgutmrlle gigg argda Igr?orﬁf}.c ]ﬁ}s illlf%%%lat?gn mg}?%ea acﬁjuired
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-

6



FIG 3 illustrates a protocol that includes an access
poi nt generated schedule for uplink transm ssions in
wazwsneance with the present invention. In thRCUPSI0MK(43340
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 information may be acquired by access point 110
t hrough pol ling or piggy-back feedback from nobile
stations 120, 130, 140 and_ 150. The_optim zation
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packets wthin the specified Intervals. bi

s sehteflaln padety, gham) the §1rsi§9hqglnl@opatckﬂ§ ig wrﬁfparsﬁ f@rmd:rﬂ@ staaions
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21111 5 /16 2 1 9 PCT/US211114 /0 4 3 3

dppaket $°§ﬁ%kllesatﬁ? &Rhak tigiedpierviahusing yatial Célan%elﬁpwe@tié@STAl

S SEAS Rt LTRSS ol it by

auSlegsﬂmtlat chmenels poandd toIE’KA3 Ald STAt r at es a protocol

Lt oGt Bl Seledl o5 getel e b, gacess

t R8aRERSEH 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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invention. If the omi-directional antenna can not

reach nobil e stations based on distance, severa
waisde® packets i nstead of one may be sent tRETUSHI04/043340

spatial channels with higher antenna gains. The

figure illustrates an exanple for two schedule

packets, where the first schedul e packet is prepared

for nobile stations 120 (STAl) and 130 (STA2) and the

second schedul e packet is prepared for nobile

stations 140 (STA3) and 150 (STA4). In other words,

the first schedul e packet schedules the uplink tine
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herein, many modifications, substltutlons 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.



code rates of the Forward Error-Correction (FEC) codes

in the packets and may be enployed to fill the
wa@pmsesRire channel s. Code rate adjustnment canP@EUS2004/043340

applied to nultiple 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 nay

adj ust the packet |ength by changing the code rate and

maki ng the appropriate tradeoffs. Since the access

point usually is not power critical, reducing the

code rate to fill the channels may be desired. As
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reliability is increased w thout reducing the system
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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.



packets based on transm ssion tines to send on spati al
channels to nobile stations. 2. The device of claim1
WO roser19 ncl udi ng adapti ve antenna arrays useRCT/I$2004/043340
conjunction with a beamformng algorithmto achieve
spatial diversity and inplenent Spatial-Division
Mul ti pl e-Access (SDMA), 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 provides the schedule of transm ssion
intervals for different nobile stations. 4. The device
of claim1l wherein the schedule accounts for traffic
information to the nobile stations based on packet
size. §. Tmeca@vlb@sf Qfinf ¥h8eth MRS ?c'h@d&l@@f B H{%ﬁiﬂl@
accounts for traffic information to the nobil
stchedudasgs sras toop it molilpsstationand @ secpind sdwlulc@s wht tolasseenrid
%Eﬁa&(’ge schedul e accounts for traffic information
nobil e stations based on priority. 7. The
device of claim1l wherein the access point sends

mul tiple hedul es.in a ot ec edtime,in,tervaj to
t he nobi | eslg"leélFYlﬁ‘ﬁg fcl @‘%&%irﬂllt gagoggs ppint fijls gpatial channels
Ristg\4e ddd g;éck/eQ bft3red félel Be mbbAe ﬁ@l\félﬁe of claim?7

wherein a first schedule of the nmultiple schedules is
sent to a first nobile station and a second schedul e

is senfgto 0 mbj.l e station. 9. The devi ce of
claim mhé?g?‘ﬁ&fﬁ&n%ﬁg? 5s point fills spatial

channet s:hedhﬂemg at heceskpcdnt pacdeeivs tbafffcf iefoedatioar frah bt led3e one
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ab the@IdasOiR mdbBRista@ios irfd d&Mlink. an uplink, where the
traffic information is used to schedul e packets

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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to the at | east one nobile station in a downlink. 11.
The device of claim 10, wherein the scheduler in the
w@zweee2poi nt provi des schedul ed, vari abl e | eREE/1S2004/043340
packets on spatial channels to the at | east one
nobil e 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 nobile station. 14. The device of claim 10,
wherein the access point polls to acquire priority
information fromthe at | east one nobile station. 10
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cl ai m 10, wherein the access point receives piggy
f keeditagk ko acquise ppeketesizsanioonatiindeon ffect least ane rholole stdtion.
at | east one nobile station. 16. The device of claim
10, wherein the access point receives piggy-back
f eedbabk t ortraiguice of cluiu 0, Sihegein thk atderd point feceiRed piggpback
kﬁqﬁgpone mobi l e station. 17. The_device of claim10
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to acquire priority information fromthe at |east one
nobil e station. 18. The device of claim 10 wherein the
accessl’poi rithedletige obelainy thk ndwreanidhe meeess poinbreceipey pikgy-back
e . . . o . . .
B BoafR G Sk pholfy Blrptiigh R CERME 0B HbAE sallof
nobil e stations in a network; and an access point

havi ng schedul er add. code bjts to a.data. packet

Lo senth: ontlegtyieset SalhfrBetio ths SecbS Pitinetingr | o

SickhdwRdgement 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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20. The systemof claim 19 further including a code
rate adjuster to add a code rate adjustnent to at

WO 2wsveBne data packet within a protected i nt eRGEUS2904/G43340
data packet transmi 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-tinme channels. 11 WO 21111 5 /16
7 2 1 9 PCT/US211114 /0 4 3 3 411 22. The system of
claim19 wherein the access point provides a packet to
hold a nmediumfor a certain duration and the schedul er
controls communication traffic on two spati al
channel s by not placing the data packets for the at

| east Qid t
. ﬁgf, nezl&geatmte E&éétcsqg ?}% ataflns’ rrg; wﬂ& Qi i He a&eg epg)gﬁeggg des,a packet to
Nestidhe rriediQa fag per@@m@mmswmgxd thmdhbdldexsctoatrols remmmdcaion

L.t nt a t t t
e S B Bl tnER R B bR b ST kel pornf e o She

t @olsite shf?@ﬁﬁnt@ﬂ&: i Rpatel Sliaahtleat thedamd: ﬁﬁe.\/\LAN of claim
23, further including a fragnentor unit in the at

| east one nobile station to use fragnentation to fill

space e to the
ecess por e IBA ol (Ao QAN SRR |

accessmplulerﬁtatlfomlasdchannels of data packets next to

\?\nafﬂ ggx{hﬁgesgﬁ {e@f}gﬁérgtte §L§§é§ t‘iiea%taoﬁ) (fa(t)a packet within
l\bpimenne@\ﬁnmsl tCoeridrtolat IlehAGhe mbbil@a@ﬂlon. conpri si ng:

schedul i ng vari abl e | ength packets in an access point
based on transm ssion tinmes to send on spati al

channeiss t qhe®Pl AR oFlchiith @8 Sturther 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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27. The nethod of claim 26, further including:

retrieving antenna resources in the access point to
WO 06 | al channel s devel oped on the fly fRET/ES2004/043340

waiting nobile station. 12 WD 21111 5 /16 7 2 1 9

PCT/ US211114 /0 4 3 3 411 28. The nethod of claim 26,

further including: fragnenting 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 ustnment to change code rates of Forward Error-

Correction (FEC) codes in at |east one of the variable

| engt h packets to fill the spatial channels. 13

28.  The method of claim 26, further including:
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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