SDVA TRAI NI NG OPERATI ONS BACKGROUND [ 0001] To address
the problem of ever-increasing bandw dth requi renents

WO bas/0s8e7 pl aced on wirel ess data comruni cat i OPGT/US2004/025705
systens, various techni ques are being devel oped to
allow nmultiple devices to comunicate wwth a single
base station by sharing a single channel. In one such
techni que, a base station may transmt or receive

separat e signal r Tﬁﬁfﬂﬁtﬁﬁﬂ ' devi ces at
the sane tine o;SI?ﬁ%&%ﬁrré requency@g??\ﬁ%ed t he

nobi |l e devices are located in sufficiently different
directions fromthe base station. For transm ssion
fromthe base station, BACKGBOUNDgnal s nmay be
simul taneously transmitted fromeach of separate
spaced-apart antennas so that the conbi ned

transm ssions are directional, i.e., the signa

[oe¢1gnded ﬁ@radgl%gshthg?ﬁ)ible%l Q@é&%ﬁﬁcﬁﬁé‘in??aﬂd% @h ird@ir¥ments that are
strong in the direction of that nobilTe device and
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manner, t e station nay recelve t

t?lﬁ N lm%ltfi;{lg H%vqyels ttclf goggrghlﬁgﬁg %ﬂﬁ%%ngyf%ﬁé &agﬁ]\@e}g\%ﬁriﬁ a single

saie 1 e on ane trequen rou
epa e spacedapart t ennas ang separate.the .
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into the separate signals fromeach nobil e device .
THFGLGHREIPRRIE devicesat dhratans BRGALIA ARG TedgRCH, REpVided the

reception is directional. [0002] Under currently
rdebils|dgpicerpre rseted i sffieipngly differantdireptiars fgppthe bpgepstatiog. For
the acronymfor the Institute of Electrical and _
tEnemission fromEthg bassetasion,3liffereit stsnels way beBithulfaneansly tewmitted
York, New York), the paraneters needed to control the
fiorh esdhi o Rlarar@spaced-afart antennas so that the combined transmissions are
directional, i.e., the signal intended for each mobile device may be relatively strong in the
direction of that mobile device and relatively weak in other directions. In a similar
manner, the base station may receive the combined signals from multiple independent
mobile devices at the same time on the same frequency through each of separate spaced-
apart antennas, and separate the combined received signals from the multiple antennas into
the separate signals from each mobile device through appropriate signal processing so that
the reception is directional.

[0002] Under currently developing specifications, such as IEEE 802.11 (IEEE is
the acronym for the Institute of Electrical and Electronic Engineers, 3 Park Avenue, 17th
floor, New York, New York), the parameters needed to control the directional nature of

both transmissions and receptions may vary depending on various factors, including the

direction of each mobile device from the base station. Since these factors may not be
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both transm ssions and receptions may vary dependi ng

on various factors, including the direction of each

woresloessdevi ce from the base station. Since thrGBUS2004/025705
factors may not beknown in advance of operation, and

may even change during operation, they may not be
programmed into the systemin advance. BRIEF

DESCRI PTI ON OF THE DRAW NGS [ 0003] The invention may

kg@wxlr' DORK SRR ofifatid Sid hideded ché}?gefdﬁﬁhgw)éi‘&ion, they may not be
escription and acconpanyl ng draw ngs that are used to
L1l ustrat ' t the invention, h the

pﬁolgé%m%%(gl:n%ﬁgg?ysﬁéngﬁjgavi‘gmggedi agram of a communi cati ons
network for a training operation, according to an

enbodi nent of the invention. Figs. 2 and 3 show tim ng

di agrans of a training operati or.di to sone
enbodi nment s &M%DF§&&E%§NJ(§€§3{E§W%SG show
formats of various frane types, according to sone

enbodi nents of the invention. Fig. 7 shows a flow

di agram of a nmethod of operation in a base station,

[0003br di ngThoinaentimmyei beemderstood hy réferviag to b folkiwjng description
shows a fl ow diagram of a nmethod of operation in a

afi® hé dompaieying érawirs drat hegstédtodinstmteedibrdiments ofttheinvention. In
invention. Fig. 9 shows a bl ock diagram of a base

18d &hwiies: according to an enbodi nent of the invention.
Fig. shows a bl ock diagram of a nobile device,

accomgl AGhdws AfiagaRAsH B RmRcations network for a training operation,

according to an embodiment of the invention.

Figs. 2 and 3 show timing diagrams of a training operations, according to some
embodiments of the invention.

Figs. 4, 5 and 6 show formats of various frame types, according to some
embodiments of the invention.

Fig. 7 shows a flow diagram of a method of operation in a base station, according
to an embodiment of the invention.

Fig. 8 shows a flow diagram of a method of operation in a mobile device, according
to an embodiment of the invention.

Fig. 9 shows a block diagram of a base station, according to an embodiment of the
invention.

Fig. 10 shows a block diagram of a mobile device, according to an embodiment of

the invention.



t he i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0004] In the follow ng description, numerous specific
waledoaiohss4are set forth. However, it is understporiUstvas/025705
enbodi nents of the invention nmay be practiced w thout
these specific details. In other instances, well-known
nmet hods, structures and techni ques have not been shown

in detail in order not to obscure an understandi ng of
this description. [0005] References to "one
enbodi nent”, "an enbodi nent", "exanple enbodi nent",

"various e [ N ey ltpﬁgé
enbodinent?Q?QQEEEPQDF%€§%¢¥%%@ggﬁgg@%r| Q§T§§§
include a particular feature, structure, or

characteristic, but not every enbodi nent necessarily

i ncl udes t he ticul ar .feature, structure,. or

(U4 act er I Eollowtivg Srspriptioamimses DECiHF Aokl g5rpetdarth.

"in one enbodi nent” does not necessarily refer to the
Hoavesere ithoendeestaod thatepbadiments okl inyantion nay fe pragticed without
foll ow ng description and clains, the terns "coupl ed"
tlzase spectivrdetziled]n oth¢rongganses, ellhapwn desthogdsi stryetgres gag) toghniques
used. It should be understood that these terns are not
hatd s dech showa\imdetyiin drder reathpbstuire an vk dt@rding of this description.
particul ar enbodi nents, "connected" nmay be used to

[00U%] cat e RBfkenc¥dto Cond@Hkbd@heTs Ths exbedientdl] fekarmple
physi cal or electrical contact with each other.

enfoBHRLEE . “VEbusBabodifaltst WR., HdidHRY Batthe BRBSEMSHts) of the
elther 1n direct physical or electrical contact, or
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eacn o co-operate or Interac
S I L R
F” f érg %e’p’e%(f lgsi%?pl}i X ;ﬁhéés? Ié‘lrnij %"gﬁ%ﬁ@%}@ﬁgg r%tinke):gessaarﬁ}cf) R0 the
same embodiment, although it may.
[0006] 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” may mean that two or more elements are
either in direct physical or electrical contact, or that two or more elements are not in direct
contact with each other but yet still co-operate or interact with each other.
[0007] As used herein, unless otherwise specified the use of the ordinal adjectives
“first”, “second”, “third”, etc., to describe a common object, merely indicate that different

instances of like objects are being referred to, and are not intended to imply that the objects



i nstances of |ike objects are being referred to, and
are not intended to inply that the objectsso described
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spatially, in ranking, or in any other manner. [0008]
Unl ess specifically stated otherw se, as apparent from
the follow ng discussions, it is appreciated that
t hroughout the specification discussions utilizing
s§ §sPBbAUmiLt BS in PEOGERINe, cith&QABRPSag, spatially, in ranking, or in any
"calculating,” or the like, refer to the action and/or

03&9&$%§§s of a conputer or conputing system or
sirmTar ‘el ectronic conputing device, that manipul ate
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device or portion of a device that processes .

seqhe6 { PIORFEINGAt SOMPWHALs e Gristlating, ar?éilﬂl‘?rlﬁﬁﬁ"ewgﬁtp fhg action and/or
transformthat electronic data into other electronic
prtmesses ¢zt compyitanor saropusing isysteragir sineifas cleatenie copapriing deyice, that
"conputing platfornf may conprise one or nore

nphipnkssardgor taffah dita répheasetoth asepitysiohl, suvhss disctoneq quantities
the term"wireless" and its derivatives may be used to

il6 St Bfa Sikiilaly kepresdded sepshysisyisiuantitiesnet hods,

t echni ques, comuni cations channels, etc., that may

Ni cates datiar kiR ghe fehif “proCesedr” g utRE tny device or portion

el ectromagnetic radi ation through a non-solid nedi um

of D Redi6d ARG s R te1eb AT dith BbmiB8isRASAGI R REhoBAPI tRASTORR that
not contai'n any wires, although in sone enbodi nents
JBfYilafth ténytg.* Bfter H00ble dath HESRAE SR i RURRA dnl Shefibry. A

erm no ase station", Ss point",

and " AP" he used i.nt erchangeahly herein to
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[erqe : S|S Zl ¥n t%re] %or?tgygsotf ?fﬂé cllc%luln%nt? !chrg%clartma‘nv%?elfgslsy and it[shderivatives may
be used to describe circuits, devices, systems, methods, techniques, communications
channels, etc., that may communicate data through the use of modulated electromagnetic
radiation through a non-solid medium. The term does not imply that the associated devices
do not contain any wires, although in some embodiments they might not.
[0011] In keeping with common industry terminology, the terms “base station”,
“access point”, and “AP” may be used interchangeably herein to describe an electronic
device that may communicate wirelessly and substantially simultaneously with multiple
other electronic devices, while the terms “mobile device” and “STA” may be used
interchangeably to describe any of those multiple other electronic devices, which may have

the capability to be moved and still communicate, though movement is not a requirement.



ot her electronic devices, while the terns "nobile

devi ce" and "STA" may be used interchangeably to
waele®sniise7 any of those mnultiple other el ectronPCT/US2004/025705

devi ces, which may have the capability to be noved and

still communicate, though novenent is not a

requi renent. However, the scope of the invention is not

limted to devices that are | abeled with those terns.
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conbi ned transmtte ult in diff.
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transmtted substantially in different dir ons .on
antprenas syhsteptielly ameljancayly é?mtﬂé‘i:ff?ﬁlecﬂ?&%e Y ?téilF combined
different signals nmay be received substanti al
transmittedsigmalssiesult indifigent signels pitendsd tf@rmﬁ@re@rdetfﬁ@s beifge
frequency fromdifferent devices in different
trethgneittéd obstamtivdlytin ifftrdnt diremibnsonythe samerfryqusecys epdiprieedmiques
fromeach other through suitable processing.. The term

in WBIR dfffepeHd €1RAHS maft e eived aﬂ:et'antialtmnhm%uw thidughimultiple
variations in the exact frequency due to such things
aRRnRRRH WMllahhelRBERY FROm dpRRhedevidal i diffd@pt difdctitis,and the
paranmeter drift, etC. Two or nore transm ssions to
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(e pIERals Y Scper i

S nmu eous east a portion of each
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does not imply that the different transmissions must start and/or end at the same time,
although they may. Similarly, two or more receptions from different devices are
considered substantially simultaneous if at least a portion of each reception from the
different devices occurs at the same time, but does not imply that the different
transmissions must start and/or end at the same time, although they may. Variations of the
words represented by the term SDMA may sometimes be used by others, such as but not
limited to substituting “space” for “spatial”, or “diversity” for “division”. The scope of
various embodiments of the invention is intended to encompass such differences in

nomenclature.



transm ssions nust start and/or end at the sane tine,

al though they may. Variations of the words represented
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as but not limted to substituting "space" for

"spatial", or "diversity" for "division". The scope of

various enbodi nents of the invention is intended to

enconpass such differences in nonencl ature.[0012]
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according to an enbodi nent of the invention. The
putposst r at ed enbodi nent of a conmuni cati ons network

shows an AP 110 that may conmunicate with nultiple
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AP. Using the techni ques descri bed herein, the AP 0O

abRY ISR AYeniodPh¥of thainvieAgord HEtRellisoratte eatboilineent o
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simultaneously on the same frequency, and to receive different signals from each of

multiple ones of the STAs substantially simultaneously on the same frequency, and may
then use those parameters to enable such substantially simultaneous communications.
[0014] Although AP 110 is shown with four antennas 120 to communicate
wirelessly with up to four STAs at a time using SDMA techniques, other embodiments
may have other arrangements (e.g., AP 110 may have two, three, or more than four
antennas). Each STA may have at least one antenna to communicate wirelessly with the
AP 110. In some embodiments the STA antenna(s) may be adapted to operate
omnidirectionally, but in other embodiments the STA antenna(s) may be adapted to
operate directionally. In some embodiments the STAs may be in fixed locations, but in

other embodiments at least some of the STAs may be moving during and/or between



wirelessly with up to four STAs at a tine using SDVA

t echni ques, other enbodi nents may have ot her
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than four antennas). Each STA may have at | east one

antenna to communi cate wirelessly with the AP 110. In

sone enbodi nents the STA antenna(s) may be adapted to

operate omidirectionally, but in other enbodi nments
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transm ssions froma base station are on the |ine
linpitidicated ds AP, while titrisassiong from thrse arpbile deficesireen s binee
devices are on the lines indicated as STAl, STA2, and
irfiToABd as STPAcSTAR) and SAAShcspvtivély e AltBTysd thiee ST wre shawn in this
this exanple, other quantities of STAs may be used in
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descri bed herein. In Fig. 2, the nunber 1, 2 or 3 at
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may use a different format (e.g., the data field may consist of null characters, etc.). STAI
may then respond with an acknowledgment (ACK) as a training response. The AP may
then process the received ACK signal to derive parameters for SDMA operations to be
used with STA1. Following the exchange between the AP and STA1, the AP may send a
DATA NULL to STA 2 as a training poll, to which STA2 may respond with an ACK as a
training response. The AP may then process the ACK 2 signal to derive parameters for
SDMA operations to be used with STA2. A similar exchange may then take place
between the AP and STA3. Some or all of these transmissions may be omnidirectional

from the transmitting device, although various embodiments are not limited in this.respect.



may then respond with an acknow edgnent (ACK) as a
training response. The AP nmay then process the
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operations to be used with STAl . Follow ng the
exchange between the AP and STAl, the AP may send a
DATA NULL to STA 2 as a training poll, to which S 2
may respond with an ACKas a training response. The AP
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include a field containing a duration indicator,
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m croseconds, but various enbodi nents of the invention
dltosativat vekion{NAN),iall YT sexces featne aliveised it the pbll Tt receive the data
specified by the duration indicator, shown in the
niribfrimeggndsding thetevastkhaln a@atot ath aatndly sehiftMbe bitloperating on the
STAs except the one addressed in the poll that receive
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transmit during the indicated time. In the illustrated example, no NAV was operable at the

time the DATA NULL 1 poll was received, and STA1 may therefore answer with other
types of responses if requested to do so by the AP. In the illustrated example however,
STA1 was only requested to respond with an ACK.

[0017] The AP may calculate the duration of the NAV before sending the DATA
NULL frame, based on the transmissions and responses the AP intends to occur during the
indjcated operations. DATA NULL 2 may contain a similar NAV indicator, with a smaller
value to account for the fact that the time Tgr is closer at the time DATA NULL 2 is

transmitted. DATA NULL 3 may also contain a NAV, defining the time until the same



NULL 3, but these and other STAs (except for STAl in

this exanple) should not otherwi se transmt during the
wo pasosiset tinme. L the illustrated exanpl e, noPCEUSKa$025705

operable at the tine the DATA NULL 1 poll was

recei ved, and STAl may therefore answer with other

types of responses if requested to do so by the AP. h

the illustrated exanpl e however, STAl was only
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a sleep state or otherw se unable to receive the

notilimited iDkisrepdet., and therefore will need to receive

a later NAV to know to maintain silence during the

[0028]ni Nng e inbdfrarhd Asact (TBB) Behswet Bétweer duece3sif trasnidiiohs from
NULLs may al so use | ater DATA NULLs to recalibrate
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infdn@Ed, LARGH oA RRGRVAnkibR)s ot Lifhedth ARLUGER. %ﬁ%ﬁsc‘éhly&hments may
transmi ssions fromdifference devices. An
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I nten elnventlonls no
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ﬁ)lt Val$ ma}-rr Ige?ve! xllze%%us perposes efor example: 1) to allow for differences in the timing

of the AP and various STAs, 2) to allow a time for any needed processing between
receptions and transmissions, 3) to allow time for a transceiver to switch between transmit
and receive modes, 4) etc.

[0019] Fig. 3 shows a timing diagram similar to Fig. 2, except that the initial
training poll is shown as a request-to-send (RTS), and the initial training response is shown
as a clear-to-send (CTS). The RTS may also contain a duration field containing a NAV
value. As previously described, the non-addressed STAs that receive the RTS may refrain
from transmitting during the indicated time, except for ACKs in response to polls from the
AP. The CTS may also contain a duration field that specifies a NAV value indicating the

time until time Ter. STAs that hear the CTS sent to the AP may establish (or recalibrate) a



uni formduration, or may have different durations
according to various criteria. These tine intervals
WORWSHEIBYE vari ous purposes, for exanple: 1) tPBCHUBZINW/025705
for differences in the timng of the AP and vari ous

STAs, 2) to allow a tinme for any needed processing

bet ween receptions and transm ssions, 3) to allow tine
for a transceiver to switch between transmt and

N’A?@ BoMEnEPeS Qlura/t']}m el il D8dBer Sufilar B (BAPASvicusty d¥séttbed. In
diagramsinmlar to Fig. 2, except that the initial

{nﬁg Eﬁb&?rlngxi% L 1% rﬁ%@ﬂ{‘seﬁf’m% BHLqs tan REs220AiF R dliresRAYTA

traini espons I's shown as a
ear -
s i AR R SO g e
h dd
SRR 04 SO AHEH B ?Eﬁ%sﬂr‘%@ﬁﬁﬂﬁﬁﬁhfeea? (Gl

time, except for ACKs in response to polls fromthe
eaghangesaluetesheagiveNAV cont ai n a duration field that
specifies a NAV value indicating the tinme until tine

[620] STAS Althoughddi¥S, (IS, 66K, saddate gull framppmgay pave other uses in
establish (or recalibrate) aNAV fromthe CTS duration

oftiee hshlicatipna, theymey b iiseid|far SDMAL theibing pparatdarns ity the manner

descri bed. In sone enbodinents a CTS nay be sent in
degsipediB&einO asonk¥T&pettioys, ithe dsh of sty feasesdn SDMA damingdperations
al ready have an active NAV thus the RTS/ CTS exchange

EYbeRBlely thb bR HCe of 1he AR, 1.61 SEXS hﬁ? g&pomt dd1gdisaatiwitbaut
bécause the CTS woul d not be avai e in the |ater

R3RaREh I HRirBpbR&s A5M bY Bsciddr srbm&@(im bPAMORKiRTRe AP will
e aF 6

ACK, and data nul | framss may have her uses in

p%c%?sr pe%llvgﬂe%lﬁdﬁes ih Qefﬂa Crl BU%F% EBMA?@M%HS% ai ni ng

e man ner erein
l@@é ZE | ondiegd saHag @%vtf?“lﬁias £ {FRe bbe PP bfihg o
STAs respond as indic

various embodimen s of the mvention. %&geﬂ sm)ws a H)rmat for an RTS frame, Fig. 5
shows a format for a CTS and/or an ACK frame, and Fig. 6 shows a format for a data
frame (a null data frame may have 0 bytes in the data field), although various embodiments
of the invention are not limited to the formats shown. The contents of the Frame Control
field in each frame may specify which type of frame it is, as well as specifying other useful
information. Note that each type of frame in these examples contains a Duration field,
which may be used to indicate the NAV. The various Address fields may be used to
specify addresses of the target and/or source devices. The CRC field may contain a check
value that may be used to verify the integrity of the received frame, such as but not limited

to a cyclic redundancy check (CRC) value. The Sequence Control field may contain

10



know ng whet her their responses will be used for SDVA
training or not, while the AP will process the

WO e@siovisd7’ r esponses in a manner prescribed forPSDW#E004/025705
training. [0021] Figs. 4, 5 and 6 show formats for
various types of frames, according to various
enbodi nents of the invention. Fig. 4 shows a format
for an RTS frame, Fig. 5 shows a format for a CTS

RO Ron Aht 'ﬁ@ﬁs flf lae'éﬁmg aask &1t HultifleTHIR8E trandnBEiGHs, zilﬂfou%h this may
data frane dMafrmmrmyhmm()bweS|nt e

ofi anﬁé&)eful %EQQH&QnMﬁ R, l%@@ggmaﬂh@ {i. the

I nvéntion are not Tmte ormat s OMM The

[g(géi ?P;SWE gcz ows a ‘(gﬁ:{}{ &Oa IPI:thgé gf (%ﬁ%ra?%ﬁ rh L Bgsg%taw
' ”g%{ﬁéo%erﬂert ﬁg@gh%ﬁg, el gie o“écfrﬁﬁtﬁ ¥ Fies. 7

fleld mhlch may be used to indicate the

28§ BlyCOREFPEIEe preapiipmsafer gperadens may a '\ﬁm)&ce efore, after,
addresses of the target and/or source devices. The CRC
apil/et duringythe eprrations shavtie dr flom ahart {7AG;tat HHQ the basesdatiop gnay
verify the integrity of the received frane, such as
chlgtlateat durativintvelhet(e.gaa vglot far adeAMhthatogy ddrfemlthf( @[ the current
val ue. The Sequence Control field may

tebtifh@phaks f Diediration viah@tmdydlephe sum &Abéxpgcted aewkirrodces that are to
multiple related transm ssions, although this nmay or
tARYplAQ dulify the@lkbnt\Wagtn Fgﬂplﬁ@é Sudhslthd §uBBRubR poBE EhedBspdnses,
training poII [0023] Fig. 7 shows a flow chart of a

B RQfeAta aéésl Ahobigh Be PARRs %hﬁb&ﬁ&ntsﬂﬁ%1%&ﬁoﬁ Bredot
enbodi nent the invention. Although the flow charts

lﬁxﬁ:%‘ﬁ”}n blis 1%5 t, At PRG %uﬂﬂé %folﬁﬂa\égpg egtécf’to%l% ahiLans .

t her oper ons may ore ter

: d/ or, . d er.at | t ,
g Srl}cﬁ)éle gas ges g} atnlin qplncﬁlplngl a‘? &lcull ggﬁ ﬁ%or%l ‘ég“%uén some
al ue. for_ a NA .hat deflne t he
ctiesian ol PineoH g bieder e P g &gﬁ %vebaéthough
the sumof all expected occurrences
various embodiments of the invention may not be limite 1n t is manner At 730 the base

station may receive a training response from the addressed mobile device. If all mobile
devices for the current training phase have been polled, as indicated at 740, other
processing (not described) may be started or continued at 750. If there are additional
mobile devices to be polled in the current training phase, processing may return to 710 for
calculation of the correct duration value for the next poll. In the illustrated embodiment, a
new duration value is calculated for each new training exchange after the training
exchange for the previous mobile device has been completed. Other embodiments may use
other techniques, such as but not limited to calculating the duration values for all polls in

the training phase before polling any of the indicated mobile devices.
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take place during the current training phase, such as
t he subsequent polls, the responses, and the
WO ndosissanme spaces, al though the vari ous enbodP@EOER00625705
the invention are not limted in this respect. At 720
a training poll may be transmtted to a
speci ficall yaddressed nobil e device, the training pol
i ncludi ng the cal cul ated duration value n sone

[@EQ di mengg § B A BithriHal méTRod SUPRfatisE iPdmbYi device,

or a-data null frane, although various

a(f(}]olr(is)lngran T U St rﬁ% 8{" {ﬁ% GVeh25h. TR¥10MhaRB0b, %81 Gheinfbbile device

er. € base station may recel ve a
r%{efvle% 5’?1: gdjp %@gfgfn?rg%ng qqgtlo?ﬂv?a! i gnamBQi! Ilo? 11 ?t\éli ‘Eetﬁ htlration
e d di ed
veleealguse A n Fiy Thansome CpogB ﬁ%ﬁ%’r‘éiﬁﬁ?@%bw RTS

there are additional nobi]e devices to be poll.ed in

or hdate wiH diame byl vaTions cpbadismentsl é‘@s’@?"ﬁ@oﬁagﬁ 1ok llﬁlﬂtﬁd tnothls

710 for calculation of the correct duration value for
hdnaem eMdt820 @ltimer isset pe the durstionatebg, addsgingimtime gherjadicated
duration value is calculated for each new training

i aingeal pivhieh ntalyend niathe embofaketizinige phase. {iheome @vhadimsents the
mobi | e devi ce has been conpl eted. Other enbodi ments
VAR MR tidd efaytbe Gbiked eSbegtlatha pagichlak time] rathenihbe thetemact time
cal cul ating tge duration values for all polls in the

tﬁé f’i‘h@ﬂ 9 GaRBRSK: £3R1RE EesRRtiohRAAdREYinWhe fdTIEMAYIEH Saindikd to

bile devices.[0024] Fig. 8 shows a flow chart of a

d@?em d iPhe %%[19?&&% eﬂe?foﬂn %és@ o?é?é(ti(ﬁ@ is tRE GO 8&/ideQo which
an e dlnent 0 invention. Tn flow chart 800, at

tﬁ%ﬂ?lg ssg d [ 1t(:"1V : t%% m\(/)a e&e\(f c% e%JoE{lj {&gtrl]lgt‘ﬁjainlmr% ptoél C?t 840 by
B By s
R bt MR P Tl B g 00

timer is set per the duration value, and be
adidress does npiyatel e3P0, the mobile device may wait for the rst of 13 expiration of

the timer and 2) receipt of the next training poll, as indicated at 850, 870, and 810. If the
timer expires first, indicating the training phase is over, processing may move to 860 for
other processing not shown. If another training poll is received first, processing may begin
again at 810, where the previous operations may be repeated. If the new training poll has a
duration value, the value in the timer may be reset to the new value at 820, or alternatively
block 820 may be skipped in favor of retaining the current value in the counter.

[0025] Fig. 9 shows a block diagram of a base station, according to an embodiment
of the invention. Computing platform 950, which may perform processing suitable for a

base station, may include one or more processors, and in some embodiments at least one of
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timng interval, which may end at the end of the
training phase. In sone enbodinents the value in the

wo 200801388y be adjusted to begin at a parti cul aPCT/URE)4/025705
rather than the exact tinme the timer is started. At
830 the destination address in the poll may be
exam ned to determne if the nobile device performng
these operations is the nobile device to which the

Rt of o%ga‘ii&%%%?sdma}; be & Eligit§1i siég{dﬁ%mgdre(Dgﬁ)li FafhdHyistrated

:espon the trai’ning pol 40 by transmtting

e,.corr egt |

e?g%délgﬁ%tegrﬁré)}é ég@uﬁg&gﬁg anOS, R@itﬁ%&@b&aﬁﬁ%ﬁéﬁmme two, three,
ti,on

ESPOASY y B 4 “vartous”
ofaRRaren i famaciaF et ChinEnot SsaRler L0 BEEbhEL" °

mobi | e device may wait for the first of iratia
moRuletod e e Op . sralagr gl parverestATie) S Ping -t
as indicated at 850, 870, and 810. If _the timer

aeates eamwertar (BAC) PhQi Eha sompingsien of demediptomaRE may eapeert
processi ng may nove to 860 for other processing_ not
rehivedradidf frequetdyesignalsdian thy aptshha intp digisal isigagls pyifable for
processing may begin again at 810, where the previous
paReshigibyne compubiag phpoat 660. Sinilktle, theverbinativinmg Dygl-modulator
has a duration value, the value in the tinmer nmay be

n{ag%sﬁvehcuigim siggyls frohube admBitig phitforth V80 Ao radid freduenssignals
820 may be skipped in favor of retaining the current

sﬁéi?ig}éefo.f Bar Hﬁfssﬁ)‘ﬁqmoﬁ%h the @R Rka. Fdiler Rnipofsfis RotBheéwkmay be

S
gram of a base station, according to an enbodi nent

ilgcféud%eﬁ ¢ B YIRRLARR bloml{kig}bg, QlohtE BiRoPRRitedMd kbR, filters,

rtorm processing suita for a base station, my

oéar@%grg,ﬁ%ﬁ qglegq[ual{llalreg of m%fi%§ DA@%ﬂeﬁ: otit¥Bne is shown, etc.

east one o e one or nore processors

be a digital signal processor P In

st o %‘iﬁw ek BT Rinbifoivics, fechifne o8

ut ot her enbodi nents r haye two, three, .ot nor
cphadimeBL 9t (hnwRARHES: TP SHAY SPPRSas OF MOBIIS e Geoh | 1y
may have a nodul at or/ denodul ator 920, an
inghedeccpomputingjplatform KipPe prtenna AR ymasyiptor/dgmogulator 1020, ADC
di gi tal -t oanal og
1030, and DAC 1040 that may be functionally similar to those similarly-named

components of Fig. 9, but the device of Fig. 10 is shown with a single antenna/
modulator/demodulator/ ADC/ DAC combination, and the computing platform 1050 may
perform the operations previously described for a mobile device rather than a base station,
although various embodiments of the invention are not limited in these respects.

[0027] Various embodiments of the invention may be implemented in one or a
combination of hardware, firmware, and software. Embodiments of the invention may also
be implemented as instructions stored on a machine-readable medium, which may be read

and executed by a computing platform to perform the operations described herein. A
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converter (DAC) 940. The conbi nati on of denodul at or -
ADC may convert received radio frequency signals from

wo b@sanise¢nna i nto digital signals suitabl e forPCT/US2004/025705
processi ng by the conputing platform950. Sinmlarly,
t he conbi nati on of DAC- nodul ator may convert digital
signals fromthe conputing platform950 into radio
frequency signals suitable for transm ssion through

nﬁﬁﬁ né! géagg b me@dﬁ?fna? HRRBERY theBiRhnisMOWBoRRY opﬁansmlttmg

|nc In the 11l ustrated blocks as needed, such

1rt1Jflc‘§fn{12R 1!1 a %rk} cliagls quzi lk%)%s%es(n & I c%%kgtgr)ahjg# lé)kagn#?i %gr}]aé:hine-
A b 0% r AR BRDRR e e

invention. The illustrated co ts of nobile device
mgRCii ok SR g TS RSIOTRE S G Ak TS dayjcs plectrical
1021, nodul at or/ denodul at or 1020 ADC 1030, and DAC
optizrd, achusticakoy offer farmct PEPaLAtsd Snaly (5r2-tcartien yiaxes, infrared signals,
simlarly-named conponents of Fig. 9, but the device
diditaFsignald, @td )sashabarswi t h a si ngl e ant enna/
nodul at or/ denodul at or/ ADC/ DAC conbi nati on, and the
[oeR8put i ng Tht &dréguing dB&ptivays penfled tmtehBushptveadndoms limiting.
previously described for a nobile device rather than a
\RaRfofd Biy dtur Bl thérewPkkiN ai fheust. @HbRAiafeidS abdf intdhded to be
invention are not limted in these respects. [0027]

iNAhdRYR aRRAGI &M oiREntd S¥8hd VR onOWhi¥R ¥rddfnited only by the spirit
I npl emented in one or a conbi nati on of hardwar e,

I Enbodi nents of the invention
afrn,gy | Sot}ggaep nr%a]%& LMREE

emented as instructions stored on a
machi ne-readabl e medi um whi ch nmay be read and
executed by a conputing platformto performthe
oper ati ons descri bed herein. Amachi ne-readabl e nedi um
may i nclude any nechanismfor storing or transmtting
information in a formreadable by a machine (e.g., a
conputer). For exanple, a machi nereadabl e

14



medi um may include read only nmenory (ROV; random
access nenory (RAM; magnetic di sk storage nedi a;
wWopisoss4st or age nedi a; flash nenory devi ces; PCT/US2004/025705
el ectrical, optical, acoustical or other form of
propagated signals (e.g., carrier waves, infrared
signals, digital signals, etc.), and others. [0028]

The foregoing description is intended to be
\Vﬁh@§&£ﬁkh%§ and not limting. Variations may occur to
those orf skill in the art. Those variations are
intended to be included in the various enbodi nents of
the invention, which are limted only by the spirit

and scope of the appended cl ains. Wat is clained is:

L. A%“&EBQ?&?G?FmPgﬁﬁrising a first electronic device
adapted t erfaorm determ ni a val ue for a network
aIIoéé?ﬂ&%mgg@fSFWC%ﬂEWFpﬁhEﬂ$ tng a poll to a second
el ectroni c devi ce, thefpoll conprising the value. 2.
The appar detggniging@ valunier a ngiwprkiatogationyesto apd 3 val ue
designating a tinme until conpletion of a training

phase i nvthaimitjinglagodide anetoad electramé devitey the ol gemprising the
third electronic device. . The apparatus of claim,
vherein said transmtting the poll conprises
transmtting a request-to-send franme. 4. The apparatus
0f  ClTeBpParatber it 1S dih@reid @B Fhlut is Mlidwsighdting a time until
conprises transmitting a data null fane.

completion of a training phase involving the second electronic device and a third electronic

device.

3. The apparatus of claim 1, wherein said transmitting the poll comprises transmitting
a request-to-send frame.

4. The apparatus of claim 1, wherein said transmitting the poll comprises transmitting
a data null fame.

5. The apparatus of claim 1, further comprising receiving a response to the poll.

6. The apparatus of claim 5, further comprising processing the response to determine
parameters for spatial division multiple access communications.

7. The apparatus of claim 5, wherein said receiving the response comprises receiving
a clear-to-send frame.

8. The apparatus of claim 5, wherein said receiving the response comprises receiving

an acknowledgement frame.
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5. The apparatus of claim1, further conprising
receiving a response to the poll. 6. The apparatus of

W@ b@sB47 f urt her conprising processing the reBEDOSH0L/025705
determ ne parameters for spatial division nmultiple
access conmuni cations. 7. The apparatus of claimb5,
wherein said receiving the response conprises
receiving a clear-to-send frane. 8. The apparatus of
! al Fipg a%;vx%ﬁsee, 1A ol whefhl 1At Rkt LREwERS BARKECORDIRES % st four
recei ving an acknow edgenent franme.9. The apparatus of
RS poriEhRhA Willind Ld:8hd QLRI foe dEKE S PRIl 0B GRuntipte
at l'eas our antennas to conmuni cate w e secon
el ecironi c device I ng, spat.ial, division nultiple
agecsa Legae s et e EenE BogePa™Facei vi ng ¢ he
response. 10. The .apparatus_of claim9, whergip the |
10 r stlhg P@@tr%twflgcl%\ﬁf ddereift thp drst e@&ﬁsﬁwg device 5y A FOTRESes 8
platformcoupled to the at | east four antennas. 11.
cpmpudngplrderuscaypled|ta thhadleastfapantenaase first el ectronic
device further conprises at |east four
Ifodul Tt eppadansolidlamd?, svheiciththa firdt elpstroria device further comprises at
nodul at or/ denodul at or coupl ed between each of the at
legafiur fnotilaterdenoddatein dvithhue leastond madglapdraieodulatol Souplked
nmet hod, conprising: transmtting a poll conprising a
Bealdea chdhi QR dtNéhstfodkiiménnadarl the cém@itihighiatfopase for
spatial division nultiple access comruni cations; and

ecei NV hidfhod dofpeRitge to the poll; wherein the duration
Indicates a time till an end of the training phase.

13. Tﬁﬁsrﬂ@ﬁ&?ﬂpo@f coﬁﬁgjsmﬁ L2l li'ﬁéigafffgg GQfBfiion bPS training phase for

det erm ni ng e va prior to s

spatial division multiple access communications; and
receiving a response to the poll;
wherein the duration indicates a time till an end of the training phase.
13.  The method of claim 12, further comprising determining the value prior to said
transmitting.
14.  The method of claim 12, wherein the value indicates a network allocation vector.
15.  The method of claim 12, further comprising processing the response to determine
parameters for spatial division multiple access communications.
16. A machine-readable medium that provides instructions, which when executed by a
processing platform, cause said processing platform to perform operations comprising:
determining a value for a time until an end of a training phase; and

transmitting a poll to an electronic device, the poll comprising the value.
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transmtting. 14. The nethod of claim 12, wherein the
val ue indicates a network allocation vector. 15. The
woredokotssaf cl aim 12, further conprising procesBCTyS100€025705
response to determ ne paraneters for spatial division
mul ti pl e access comuni cations. 16. A machi ne-readabl e
medi um t hat provi des instructions, which when executed
by a processing platform cause said processing
B! at fﬂ%‘?%e‘d&nﬁ’&fc‘fl&lﬁméo%%ﬂﬂ 00 Sp GOIR d it Shifrllng
a va ue for a tinme unt an en a training phase;
ansn1tt to an electronlc devi ce, the
UMI %ﬁn&ﬁq§ﬁh§9 d@"ﬂ(gllnlue 17. The medi um of claim 16,

PO

n e o ratl f nsmttin
lﬁ‘h ﬁhe ot B o L et R B T B3 g opgetion of
of cIa|n117 wherein the oper qs further conprise
T5eri PSR Slerioia-send frameresponsive t%F a&o to-send frane
responsive to the poll. 19. The nedi um of claim 16,
Wher dhemesdisme phelaian] & Wheredhe picrationf Sensriftinggomprises
transmtting a data null franme. 20. The nedi um of
teAnamittid®s datneulbframe.ne oper ati ons further conprise an
operation of receiving an acknow edgnent framne
20e's pOoneinvediing of dl&inpl, wherein the operations further comprise an operation of

receiving an acknowledgment frame responsive to the poll.
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