[0001] METHOD AND APPARATUS FOR ANTENNA MAPPI NG
SELECTION I N M MO OFDM W RELESS NETWORKS [ 0002] FI ELD
OF I NVENTI ON [ 0003] The present invention generally
relates to wirel ess comunication systens using
multiple in-multiple out (MMD technol ogy. Mire
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transmitting device, each RF chain is responsible for transmitting a spatial
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stream. A single frame can be disassembled and multiplexed across multiple
spatial streams, which are then reassembled at a receiver. .
[0007] MIMO is one of the most promising techniques in wireless
communications. Unlike traditional smart antenna techniques that aim to
m1t1gate detrimental multipath fading and enhance robustness of a single data
stream, MIMO takes advantage of multipath fading to transmit and receive
multiple data streams simultaneously. Theoretically, the capacity in a MIMO
system increases linearly with the number of transmit and receive antennas.

MIMO is being considered by numerous wireless data communication standards,



systemincreases linearly with the nunber of transmt
and receive antennas. M MO is being considered by
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response difference between transmit and receive processing paths (up to an
unknown constant across antennas).

[0010] Referring to Figure 1, a signal diagram 100 of prior art channei
calibration is shown. A transmitting WTRU (Tx WTRU) 110 first needs to
calibrate the existing channel between receiving WT'RU (Rx WTRU) 120. Tx
WTRU 110 transmits a calibration training frame (CTF) 131 to Rx WTRU 120.
Rx WTRU 120 responds by transmitting a sounding physical packet data unit
(PPDU) 182. Tx WTRU1 110 calculates a channel estimation H 133 for the
channel, referred to as H(2—1). Tx WTRU 110 transmits a calibration response
134 which includes the channel estimation H(2—1), Rx WTRU 120 then
performs channel estimation by transmitting a CTF 185 to Tx WTRU 110. In

response, Tx WTRU 110 transmits a sounding PPDU 136. Rx WTRU 120
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WRU 110 transmts a calibration training frame (CTF)
131 to it WIRU 120. Rx WIRU 120 responds by
transmtting a soundi ng physical packet data unit
(PPDU) 132. Tx WIRU1 110 cal cul ates a channel
estimation H 133 for the channel, referred to as
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[0013] When beamforming antennas are included in a WIRU, the number

of available antenna mappings may become very large. In order to optimize the

communication link between two WTRUs, it is necessary to select the
appropriate antenna mapping at both the transmitter and the receiver.

[0014] Therefore, a method and apparatus for efficiently utilizing the
variety of available antenna mappings in a MIMO capable wireless device having

multiple beamforming antennas is desired.



signal, beanform ng can increase the gain in the
direction the signal is to be sent. Wen beanform ng
capabl e antennas are conbined with M MO, the nunber
of avail abl e antenna mappi ngs dramatically increases.
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[0020] Figure 2 is a flow chart of a method for selecting antenna mappings

in accordance with a preferred embodiment of the present invention;

[0021] Figure 3 is a block diagram of a system including an AP and a
WTRU in accorciance with the present invention;

[0022] Figures 4A and 4B are a signal timing diagram of channel
calibration and packet data transfer where antenna mapping selection in
accordance with the present invention is utilized;

[0023] Figure 5 is a diagram of calibration training frame (CTF) PPDU
frame format for implementing antenna mapping selection in accordance with

the invention;



conjunction with the acconpanyi ng draw ngs, wherein:
[00191 Figure 1 is a signal diagramof a prior art
channel calibration and packet data transfer; [0020]
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[0029] Referring to Figure 2, a method 200 for antenna mapping selection

in accordance with the invention is shown. A WTRU selects an antenna mapping
from a candidate set of currently available antenna mappings, (step 210). The
WTRU determines if the selected antenna mapping is calibrated, (step 220). Ifit
is determined that the selected antenna mapping is not calibrated, the WIRU
calibrates the selected antenna mapping, (step 230). It should be noted that an
antenna mapping calibration that has previously been calibrated may become
stale. Calibration of the selected antenna mapping is discussed in greater detail
below. Next, the WTRU determines whether the receiver WIRU has changed its
antenna mapping, (step 240). If the receiving WI'RU has changed its antenna
mapping, the method returns to step 210 to select a new transmitter antenna

mapping, if desired. Ifitis determined that the receiver WTRU has not changed
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When referred to hereafter, an access point (AP)
includes but is not limted to a Node-B, site
controller, base station or any other type of
interfacing device in a wreless comunication
environment. As used herein, the term"antenna
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selected antenna mapping is utilized for transmission and reception. in
accordance with a control signal output from the beam selector 824. The beam
selector 324 selects a particular beam combination based on quality metrics
generated and stored in the calibration unit 328 as explained in detail
hereinafter. The WTRU components of the present invention may be
incorporated into an integrated circuit (IC) or be configured in a circuit

comprising a multitude of interconnecting components. It should be understood



However, the present invention is equally applicable
to both uplink and downlink transm ssions where
either WIRU 310 or WIRU 320 is a base station as well
as for configurations where WIRU 310 is in direct
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[§08arN | N TolilgustEate reﬁrence is made to Figure 3. Transmitter WIRU 310
(also referred tb herein as Tx WTRU) includes two RF chains, 312A, and 312B.

The beam selector 814 couples several omni-directional antennas 316A-316n to
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the RF chains 3124, 312B. The number of possible antenna mappings for
transmitter WTRU 3810 is therefore n times the number of RF chains. Receiver
WTRU 320 (also referred to herein as Rx WTRU) also includes two RF chains,
322A and 322B. A beam selector 124 couples several beamforming antennas
326A-326m to the RF chains 322A and 322B. As mentioned above, in this simple
exemplary embodiment, each beamforming antenna 326A-326m is capable of
forming three directional beams. Therefore, receiver WITRU 120 has atotal of m
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provi ded as an exanple, not as a limtation. Any

conbi nation of antenna types having any nunber of
beans, or antennas that are not of the beamform ng or
beam swi tching type, may be utilized. [0033] The
antennas may be switched parasitic antennas (SPAs),
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peﬂ'ormed and accordmgly, the selection of an antenna mapping does not track

fast changes, or micro-structures, of a channel. It should be noted that any
changes of the antenna mappings in the candidate set occur outside of any active
transmission or reception of data packets.

[0037] Still referring to Figure 3, during operation, the calibration unit 318
of receiving WTRU 310 measures a selected quality metric on each of the
antenna beams or beam combinations of the current candidate set and outputs a
quality metric measurement data to the beam selector 814. The beam selector
314 chooses a desired antenna mapping for data communications with the

receiving WTRU 820 based on the quality metric measurement. The calibration
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times the nunber of beans tines the nunber of RF

chai ns antenna mappi ngs. The set of all possible

ant enna mappi ngs that can be enpl oyed at any
transmtting station is termed the "superset', and the
size of the superset is denoted by NB"pe..t. Neat may

UBJ% ¥ *u#ﬁ%]lg gen@ﬁges' bouH¥nd ¥bqlBtP FRC bbﬁ@chc t@r dpblibdige

a aval ant enna I’TprI ngs at any iven tine.
ca{lﬂﬁ@ﬁ@n As cwadéd xabibrssion izaining, fremes.oind femding PEDUsing

rés F&ec\%l L .lstgnfow(:ahﬁx[?a.ttﬁﬂnaTH@%hBﬂﬁmﬂVﬁ‘hﬂ afilseidcRides a

ection any given tinme. Preferably, the size of
prmssoafw |ceﬂauhtmsta dhenhelestimation ndrixear aalifeptipp matrix

bé&‘d%ﬂ@@ceﬁ%ﬁe&ggﬁn%@ck&@&%%% &5 tfor sBorft chihnid] bSim&tidn

at her change over tine to
mad;ﬁb@camdchlahgtlng mateicaseThe cﬂidlir@#l%%mt B} prefeankly performos

SRR b i tos 90 0 MIGAEO8h o G
801 éarvily ofstaidiaris andmost praferablydhe |larEEL%>|2;A 1erstandard
i8] O C¥abibns Bty mbiifes AP B o AIMALrmERIYA doBiRS

to nee a predeterm ne
aptemieh:mppmm Physivel (PHNR layer,anediimtsacerss senirel §MAGR Jayer or

ugperI 1];¥ LhGreendl s%"i'ttagles ?irefemglp Iﬂ%'grﬁ?@ﬁg Bl desh@hrB Yot

ng several anfenna m romthe current
liesitedi tdchense estinatiowda signgl- togswissraad] infevferencenshia (SNIR), a

‘ d/

T?Gﬁg"%é g%ab.bs%neél S; rd? 2 rﬁk§%) zaesglgglﬂ ngxgﬁ%%%ﬂ?odéﬁﬁﬂ Qgéck’ef‘
eﬂmp i-ateat daiasatet mW’J}Iﬁhcbedm@ lsede, ﬂm@ﬂbegmm the maximum

f t d
e}ﬁefl Luteno&t ef‘%g’é’g? eﬁﬂ%l pre er re gﬂlﬁ#’g%eof t he
[@o32s ent Movidhisirate thd RhetBAD Mforsghtegna angypRing salegtion
t h d d
AR iheAs Shtele FORELER S SEhat A @aBill 200 8 aitfnna
nmfpmeédedtmmhﬂmhbbvnt maBigunes 44 angedBorAdist ddWTRU 410
d t f .

e apudin PRI AT Rk A mABbRR D, RIRPIRG 409 °fx
WIhRUN&LO ﬂhbnsﬁahéﬂtbeah raah]mlugiogatraanyg frinan g632 wequeh’eng

ntenna t he candi dat et occ o)

S0, PRSI e e 3 2
tL@ e3H zliﬁ Wit%‘l d &fﬁﬂiﬂtgng]iléu £4gsune uamgohutemga apppagionTx
he cal i bration uni

WrRBU b perbuar chanasl eghaerioy 4abHir the B utt oppnghp use at
both the Tx WTRU 410 and the Rx WT'RU 420, namely antenna mapping p and

antenna mapping x, respectively. A channel estimation matrix is calculated,
H(x—p). Tx WTRU 410 transmits a calibration response 438 including the
‘calculated channel estimation. Next, the Rx WTRU 420 transmits its own CTF
440 to the Tx WTRU 410. Tx WTRU 410 replies with a sounding PPDU 442. Rx
WTRU 420 uses the sounding PPDU 442 to calculate a channel estimation

H(p—x) and a calibration matrix for the currently selected antenna mappings,
K(p—x), K(x—p) 444. Rx WIRU 420 then transmits a calibration response 446 to

9-



ant enna beans or beam conbi nations of the current

candi date set and outputs a quality netric
nmeasurenent data to the beam sel ector 314. The beam
sel ector 314 chooses a desired antenna mappi ng for
data conmuni cations with the receiving WIRU 320 based

Wil S bN HRLALCHIRAMHE WRratidh fad Ak Piftbi B o T8

rt er gener ates soundi ng requests f or
muaaommlydﬁembmmwammnmma@“h@é@é@ed 448.

(o) or 3¢ 1RE WERUELAGHLE B8R heBih Al BlBleathidd usihe the

onse 0 requests or call I on. The cal ration
cahbmtmml Fa FETRU 430 trensmise atranseyl eanest iTrF@)ﬁO toRx

vgfﬁﬁ”f) 39 ?@s:?gﬁd% Pl asoaﬁhingrmfn@qmmsﬁmed

ased 0n receive ng pac ets, and a menory f
whrgrantgma‘mpplnga:sthmﬂmen mﬂ@nﬁa@hﬁem&alﬂ&tﬁﬁ \4

bR o R LR R AR R BN B4, BliDARa AR 86 TEhALAD

NMeSSa n co lance Wt
[604dihdar d For 8 watetysf tdasordsEfieh a8 @ 2hardgefinthd ghaphel conditions,

t and d t
SRS SRRl B e R R M
forcaxadple ReIWITRY 420dhaiges dnteans map@mgfptpn m go y 4‘5@1 dtisghen

HI um access_contro
dn(?g‘ﬁml‘)‘?éa‘ﬁé?tiﬁﬁﬂl?e 2 PRty Pall 8. cabpl( er r ed qual ' '§7]ary
eiififollinéént] Rbé Uadﬂenﬂwhna@lpﬁlgl ptoy lis mot adlibmted; hamh eherefore

mati.ons, .a ean i nterfere [ Q.
colahgerepn 18 ot v o WIBHLAY iRaRgin o Mo PPRRLR 8
adt&Rhagpiigh dadahéhd TP RxWTIﬂd K20 replies withraasbendmg
data rate, a WIRU operat i g]eq % y&l& g
ERLY dfkisiag grienpa mappeE R lsstiotion Hipap) 166 dbous &

86 ik WIROM 10BARd X caldiratibi®rdshbitse 468Q8 &]angiﬁﬁ,tdd in6ludizehe
the met hod 200 for antenna ng?pl ng sel ecti

Cé@%’é?lleﬁfé@aﬁf”@h The RgVeERE 420 theyrrauests calibna ’él47?’| pd e

o wfﬁmcf}%h@sf Wit £R8andiiRPFDY 458! eRk |WI\RUS4211"IEHMﬂaﬂés
Fi gures 4A and 4B. Afirst Tx WIRY 41%63’ ts a

chanwel iesigrptioHizoyl apd gelitte Eom BatEensi Oy f74-
A éfibrdton %é!ﬁilﬂsé 196 {shEoh {rhRRSitied So the ORWPRBUI1 0 fhcluding the

training frane 432 re uestln callbratlon Rx WIRU |
calibrationanatrizef injengsitq nnam?PP’é’glP‘-éé‘S

ﬁa(l)gv %atrlllﬁgat%gglé %%a&)%‘ fBlhdaﬁa §Q%‘é 'eﬁ&la%@@@?‘éml sent using

[0042] Data packet exchange then beings with the Tx WTRU 410 )
requesting sounding 480, and the Rx WTRU 420 responding with a sounding
PPDU 482 transmitted using antenna mapping y. A steering matrix V is then

calculated based on the calibration K(p—y), and packet data transfer 486 ensues.

l-

[0043] In an alternative embodiment, the calibration of multiple antenna
mappings occurs in sequence prior to data packet transfer. Similar to the
calibration signaling 430 through 448 shown in Figure 4, a receiving WITRU may

respond to CTF using multiple antenna mappings selected from its current
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WRU 410 perfornms channel estimation 436 for the
antenna mappings in use at both the Tx WIRU 410 and
the I't WIRU 420, nanely antenna nmappi hgp and antenna
mappi ng x, respectively. A channel estinmation matrix
is calculated, H(x-+p). Tx WIRU 410 transnits a

cal i brati o res
ceRRAte Pe o RERaETARE (EprabiSf st i b Bucktd &rohiture
rdfé@nwmﬂEamgwoattmnshmmg WITRU map selest apgeanamapping f,

T

quﬂw mety: RBponkl(sequentizlydwith caasoundmeu REDHatsingcedchrantenna
curyent ect e tenna..n
MARRIMERL 6]’%55 £ (?efeﬁ% ans g%a?v%{aa%erg%ndrlgé%osnegza
TAfndifting WTRK cdlibkdtdelibe mhamiel camispckgtng PreanternATRAPPIngs
cal bratlo of i nt t ot
RS et st st Faton fafices M Bibedh). for ARt
re[f@x@%@& ﬁ&ﬁo\@ﬁ&&h@w tidmem:s‘stoag Ifﬁ xbeagwng éN’BB.Uachpamsets
exchange using,.the rat ed channe)
apteRRa Mapping to; faﬁ §’Fﬁ1’f‘1§]f*~e?ﬁ?8%1%a DHPRYB ey O%F%}?HWRU
b9 GretRve W Rep fRPriass poibestion inbirx fowncmgrPRBlUbege data

transmtted, using antenna ng_X. .JXx WIRU 410 t hen
padliet fraasmissiongyithaut perfprmpin 53@%“ 28 88%6h t he

[l br at AsRriEivelyX cdl{Ration of%ﬂtlpﬁmkmnmappmgﬂngj Q;qcur

Hgggﬁﬁgﬁgg féﬁnl’#g‘?egﬁﬂﬁﬁgﬂe e CH#E@ h eaf‘Oasurrgl!g) usi ny

aasiﬁég%ﬁﬁdﬂg BPPIHY i8Behi by OtrafmhittingyWTRUeusibgra edledted
Wr for exanpl e

) Rx WIRU 420 ch t
RSP RIS TOF G D IRSRADIIRE §-A ForerE T B P REAE SETHAY
a@ﬁgoﬁgg EntdRRPIAGpREs ¥, vl SndH |ré§ifoﬁ&§(¢) thé singlei GTRxsngéarhyof

i ment, the antenna mappi n i s not
e R AT b P P iprptionngtixis leylated

fw &'h%@eﬂnr azgéﬁ%h% ] Q%d o bPRPEn 460 lﬁﬁnnéi{l tgvequired
ppI Ngp, . Rx WIRU 4 s with
cahm@nusxggalmwmmd tmqbg daﬁpmca#&b%r dd?&'i?ﬁ%f‘g

E_rstlf{%é on H(y-+p) 466 occurs at the Tx V\7I'RU 410, and
ration response 468 is transmtted i ncl udi ng,.

[005] chadneh adernative embhodimentRyherpribe ¥itplesh é?F‘F’é‘&EFgEIP%
sysa:embiré iy | Sﬁ]a.n% mth {REfrEE 802.x standards, the sounding PPDU includes
a modulation control sequence (MCS) bit field. This MCS bit field is a MAC

information element (IE) that indicates the current receiving WIRU antenna

mapping candidate set size and currently selected antenna mapping at the
receiving WTRU. Preferably the MCS bit field has a length of 5 bits. Optionally,
the MCS bit field includes a one bit 'run length indicator' that permits a
transmitting WTRU to request a receiving WIRU to change its current candidate
set of antenna mappings.

[0046] A transmitting WTRU may request a receiving WIRU to change its
antenna mapping candidate set if the transmitting WTRU is unable to find an
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Tx WIRU conplies with a sounding PPDU 472. Rx WIRU 420
cal cul ates channel estimation H(p-*y), and
calibration matrices K(p-yy) and K(y-*p), 474. A
calibration response 476 is then transnmitted to the Tx
WRU 410 including the <calibration matrix of interest

b S dtl B i Rece AP Y GANRLBARNARE RauiSmdif! for

Ad “Pedd ata packet " exchange,
ck&fdia] Tnathas pmckatamec ifathgerecexmgb‘éfm@%lmhlh t hleansse

410 an
ﬂ‘ﬁgyf? Sssbg’ngr %%ue%%(%%@‘“g t@%ﬂﬁg‘%"ﬂg . dm@ag &Qﬁ% ansm tted

mipiphg ® ﬁfmﬁm ragneyw MAGsinapagamentvdtaniec V i s t hen
AT L S a0 D s
afy bEtheatairives padsxwe reendns (bge ifdhe mnammmgawﬁm ig ppaplde to
gt P %{gﬁg e of s oW éxﬂ tREAHTE: %a%’dl&&{e slet%gf’s‘éaé sfies

cal1bration si I ng
ith Eﬁahty qgirerhditsy Ithwtransmﬁhgg METRU canimdiedte 'arv;gn‘gmﬂg set

cBEas LB AP g OV LB r b fer b ARG AT PRl e

tfaeﬁﬂ:liittingg WERT hmay | then nimmediatelyrahahge dtsoarignha mapping

e ek AT O S AR 28

iﬁﬂ@ﬁm&m&lﬁ@ewﬂbﬂr&qmsmng cal i bration. The

ABSF  n sstretelon vERRR- LR B ey Bhkett cifing Wy

t§r &isﬁBYeQdmbIeﬁé‘Iy iﬁs anﬁémmhmlipyngi\lﬁn‘s aé:duestaaﬂdbeﬁa'agsmléted to

ransmtt|n~ ratesth h

thereceiving WIRI m allgdﬁﬁb TB e1v1nreg thd %g’ﬁ?} W&’Rq‘, %&8{% a4

rb&é?vﬁQWTR[afn_h@rbrrﬁiy‘ mﬁ;e:smply withwhe rdgoest! ((lomrpdiance may be

.reference. prior .to et data,tr

B PR O hOAREED S o AR e o iine

WTRURJoﬁxph@QhﬁH iflge fmnaitn@e currehidy selestedartenngmyiRhg atthy

retr.iey Bg rla allb%on matri x from

rﬁ%?% @ﬁ% Etf sd; qlie REpe 8fi ssi on wit hout
064 Or M IRpf&GingbloaFigare Qai ﬂmg{’diﬂM]PPliDUeﬁrmblfonh:yt of a

cgg{a,gﬂ%ogf reoping ragyas P e a0 e e R P pRfdiinent &

thb ﬁﬂ;%htl&g is sthh hitsheald®e! Inﬂ’ﬁﬂtthat while the frame format shown in
Figure 5 complies with the IEEE 802.11n standards, the present invention may

L

be applied to any IEEE standards. A CTF is used to request the transmission of
a sounding packet from the receiving WTRU for channel calibration. The CTF
PPDU 500 has a legacy short-training field (L-STF) 510 followed by a high-
throughput long training field (HT-LTF) 520, a high-throughput SIGNAL field
(HT-SIG) 530, and a Data field 540. The L-STF 510 has the same format as the
legacy (pre-802.11n) short training fields. The HT-LTF 520 isa field defined in
802.11n PHY and is used with MIMO transmission training. The HT-SIG 530 is

-12-



a single sounding PPDU is sent by a transmtting WRU
using a selected antenna mapping, for exanple mapping
b. A receiving WIRU, having currently available
antenna mappings t, it, and v, responds to the single
CTF using each of the avail able antenna mappings t,

a B e i 000 e Rl el dotd Bodghei ahe doaihgr
schaneand thddze efhe MAC seraice detet wih (MPBRAY i ng i s reduced

[Ob%(ﬁr eby ecl{’l?%gifgt?5ﬁj clt Ma@:ﬂm@@ﬂ mrcgﬁ&la@ign and

ough rnat I ve enbodi nent, where
arftBEnaMniaplpies seleotivonh isact |ascn1) indicasioni of thenprledded apjenga

the |E t anda
maPTIBG A e HBRTPEroL ohig PP A QoL regespaten
caﬁi@d aké ttsetf so?EMgSmaseMéél oriinfroratalj Ihingicafiontof @ Eﬂuﬁsﬁ"atf)
I Ndl ¢ca ur r
changt e Cofe SHOHR OETF M fotlibl: 871408 axfiRiRRIE
theapRivigs WTRU'e antenne mappgag\madtdaﬁer @ﬁﬁa@tﬁ)y‘mﬂh@cm it

field has a le bi t N
reﬂi“%"ftg"q %Eﬁcﬁlﬁ&g gtlrgto i enga?ﬁ I'n C%I%IH i tha{)tla !

. [03\75'%[1}1 ts R(qufeiﬁ@ﬁjﬁ‘ilghrm@ a\/ﬂilaglram of eqaesdma PPEREFYQ frgme
cha S.curr.ent .c
oA IS, QA P AP N OH o8 el ot e
co?ig?féﬁ Wﬂﬁge tYFREtBOQ{l?ﬁ gianilaisls, tha pmsm inegmion gpay e appligde
|
t“a“r‘ff}’eﬂ?ﬂ%é 83?185 ?ﬂ ver Htmn 5¢ alte? c& Slggrtlac? %mm%l
ﬁgllkI?(%LSn'lﬁ) ;6%(1 IV} hig;mjtht@;ghbﬂt long texining. fielh(HPHLEF) 615, a high-
e PR e A ST A0, A dustiBaded 0B I0Budel) flfRAE
(1%12}8)3 ﬁblgt eﬁi 65\)//\/ vy 4 pluaaligrofeadditipl FT-bERs 630 hreegh
oS L - SFEE S g bE TR U s e
siz@ bf tHAYnGlatd Rt Mad 0 bitp dsstiibdieatechs botal 1@1511@31‘ N of h:ghe

gk dmatranig, i iha 100 64T pEaRNEC M PEDY,

A%étk&ﬁlfglye éne }FI‘SL'PIFI $éri dayh raﬁwnhaeimﬁﬁg of 4 temdidade setithay hsg
WRU can indicate a %iemdlgli li)

included in the PPDU. Preferably, as sclos above, the candidate size may be

as small as 1 and as large as 32. Each of the HT-LTFs (615 and 630) in the

PPDU is transmitted using a different antenna mapping selected from the

ﬂU\(D

candidate set. The selected antenna mapping used in transmitting the first HT-
LTF 615 as well as the Data field 635 is indicated in the MCS field 625. The
MCS field may also include additional bits to indicate: 1) a HOLD/RELEASE
request of continued antenna mapping selection at the receiving station; 2) a
HOLD/RELEASE confirmation of antenna mapping change in responsé toa
previously received HOLD/RELEASE request; 3) a confirmation of a requesf

previously received in a Calibration Training Frame (CTF) for full candidate set
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change to the receiving WIRU by sending a MAC
managenent frame. The transmtting WIRU may t hen

i mredi ately change its antenna nmappi ng candi date set
and sel ect a suitable antenna mapping from anong the
mappi ngs in the new candi date set for transm ssion.

sdz 233 8ha &ta\/é]&%[‘ﬂngﬁ&y of & % eHo‘uE? PR RYS eaveRt ad

receivin to disa its antenna
clemgp imthe stiel of thecpndidatersst. be transmtted to the

QORGP V! PR doufPPbhe MGG EIEShitht0rdo EFitigh

reques el’ving WI may not conply
PRDUN st fraimeqfiBigure ©isspbwantle W ﬁﬁl s mﬁleltrle aF@%mb(}OW@

B A A b Py R U AR Sé*‘%ﬁf?‘?%z%%msel oo ad

addresr(iA) freldyi2Ace MRAQ srarvice é@telum ISR figld d 8prand. ey Epame

P YR g i

725 aiayi mqiﬁdeabﬁs @mﬁ)adi@a@mew/mﬁméﬁ@ reghafiyaratign; of agtenna
enb d Nt .of

rane or mat gure

abmlﬂemfmm tb m&ﬁanaohe MG Beld ﬁaar By redm@gm@éﬁte
s<|ftn Vy?}ga%u&)gt 85%8 1011 pelxés?cqattea EEE?'§ tb%nf@ﬁgeﬁ t]:érgfgr':

ransnl SI 0 a soundlng
inraedstig thraghphie rece| ving WIRU f or channel

' b t h F.__PP
G B T PR Y i o
dtadmbughmhb pi‘efélged esrabadmgnifsmpalrt(chﬂlér lcqEpingigns, gach feature
e e
phedgRed erhPodtm8R ot imyariziue cdm]bmatlmsrvgﬂi orovithpout gther feﬁ:tngq:

0 d_defi 802. 11n PHY and d with
aﬁ% & gsn%fﬁ*‘%g’fe%ﬁn"t‘??ﬁﬁrﬁ]ng The HT. S| GagsoI ?sus-elzwa

field defined in 802.11n and indicates the sel ected
nodul ati on and codi ng he size of the MAC
[%ﬂﬁi ce data unit (WW@M e MCS field 535

i ncl ydes Al mkthodefor eeleétignhe dntemnaa:h'ammg ifonconmgunication
aﬁt@eeg.g?.a é‘.eq.rgsgn%g:%ge tteslso{}‘anssllﬁll rece1ve u}ut (’.tq{I %ﬁ.‘ﬁ@)ﬂ agﬁ a
| receiving WTRU (Rx WTRU), wherein both WTRUs are multiple-in/multiple-out

(MIMO) capable, and an antenna mapping is a combination of a single radio

frequency chain and a single antenna beam, the method comprising:

selecting an antenna mapping at the Tx WIRU from a candidate set
of currently available antenna mappings; and

selecting an antenna mapping at the Rx WTRU from a candidate set

of currently available antenna mappings.

2. The method of embodiment 1, further comprising:
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mappi ng used in the transm ssion of the PPDU, 2)
i ndi cation of a request for full candidate set
sounding in series or in parallel; 3) indication of a
request to change the size of the candidate set; 4) a
run-length bit to request an update of the receiving
WRU s ant enna. magpin j ; Shoa) ines are
i cat | SHCBRAE e FERR Rl eREled A Abios
calibrgted.ari | y hol d antenna nmappi ng sel ection. [00511
Referring to Figure 6, a diagram of a soundi ng PPDU
600 frame format is shown. Again, it should be noted
t hat3. whi Tige hbthod ofameboloment2, whensin the desrininatigp ismagaat
Iggﬁwgg 1l n standards, the present invention maybe
the ‘to any | EEE standards. The soundi ng PPDU
i ncludes a |l egacy short-training field (L-STF) 610, a

hi gh-thrqughput .| ong t ai ni ' inddaki t
hi it hiREIRGE °%’”%\?§E%F§Ue$%h%ﬁﬁéeg)§gazo,a)hé’ﬁ;s%a&ea
iMREWARMN and Control Sequence (MCS) field 625,
followed by a plurality of additional HT-LTFs 6301
through 630x, and a Data field 635. The HT-SI G 620

i nclaidesThamethodf einhbdinedt ¢ afuetheh eomptisingiof t he

candi date _set,,and five hits t Weloll

number NCBPTRRY et%?&ﬁgﬁﬁﬁﬁnﬁg%a ﬁz?%sﬁ%l&ﬁ% h%iglérh%tseé that
t{ b1 delddsont&ah mappitigedreimot talibrPRBU.  Accor di ngly, one
HT-LTF for each antenna nmapping of a candi date set may
be included in the PPDU. Preferably, as disclosed
abowe, t Aenembd heatding iz anynefithe praxsdisgmiibodiments; farther

| arge as 32. Each of the HT-LTFs (615 and 630) in the
COPPIFIPE: transmitted using a different antenna nagg%ggb
sel ect edifanomitting datapdilaed fromethe TohWERU de tthel Ran

mappi ng .used in trans itting the first HI- LTF 615 as
ugjag|the seleqied ealibzatef aPIPOESE RPN cated in the MCS

field 625. The MCS field may al so include additiona
bits to indicate: 1) a HOLD RELEASE..re

cont T-nued Bpkhed ﬁ‘é"oﬁéﬁﬁ 8% 8&5@ Presgdine Z’a}rnéég{etls’vﬁnﬁa o
comptikiap; 2) a HOLD/ R ELEASE confirmation of antenna
mappi ng change in respqnse to a reviously. r '

HOL DI REL pRetipe dhe é’??glg‘j‘teaseéo‘?‘ff FRRRE BIRPRIES aS’%Qh%‘? ?fm'
Bl BdPbPIRG T-EWTRUCBasked of 1637] tielih @hinmite] Tilaiswiengenfy. ame
?%TF) for full candidate set -13

8. A method according to any of the preceding embodiments, further
comprising:
adjusting the candidate set of antenna mappings available for

selection by the Rx WTRU based on long term changel measurements.

9. A method according to any of the preceding embodiments, wherein
the calibrating step further comprises:
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search; and 4) a confirmation of a request previously
received in a CTF for a change in the size of the
candi date set. [0052] Referring to Figure 7, the MAC
frame format 700 of the sounding PPDU data franme of
Figure 6 is shown. The MAC fields include a Frane

Control _field.70 a gﬁg¥g b R Ow TRy ibration
recei veruﬁwgggg?%tw !?%ai\:.mtar ansm tt(aelikahbrat
tratdngefame TBYFLi el d 720, a MAC service data unit (MSDU)
field 725, and a Franme Check Sequence (FCS) field
730. In one enbodi nent of the invention, the MsDU 725
may lionc| Thiembthod of babodingint 81 further CYTRPILEASE
confirmation Qf. antenn i ' ;

a receiv an%eﬁ%y%ﬂ{%&@ﬁéF%ﬁﬁ@???tggﬁgggzﬁggﬁﬁ%”§§§§§@°
physidal lgtepaketdita wRilgIPPDH inmespohee tortBe GI8. d 535. By
reduci ng candi date set updating, calibration and
associ ated signaling my be reduced thereb .

i ncrigasi Agnéthodaghyiing tof 0 $8theAiretedingrerelppdirhents. yheyein
a nts of the present..j ' j
i RaRFerirPas ERpba et o7 Bid Plbefhn AR GRS
baseddinthé reared PPODU.f eat ure or el enent can be used

al one without the other features and el enents of the
preferred enbodi nents or in various conbinations with
or wig hoAtmeihbé hedosdihg tesny efittie prerding embodintrnts febern
i nvention. [0054] EMBODI MENTS 1. A nethod for
CEBPEEPENg an ant enna mappi ng for communi cation

bet ween arahkmitsing fiomnthel's WITERIE a sowmking PPP&cei ve unit
(Tx WIRU) and a receiving WIRU (Rx WIRU), wherein
both WIRUs are multiple-in/multiple-out (MM .
capaty.e, Aanethad addkding o amppf thy precedingemitiodimeénds fufther
single radio frequency chain and a single antenna
CHRREMFI™8he net hod conprising: selecting an antenna
nappi Ny pbribieing s cMiiRid] bsthmtiorcfanitiedelpeied ettennd mappings
current| vai | abl e ant en pi ngs; and sel ecting an
a&ﬁheeﬂﬁm@ﬁ??ﬁjl oyt ﬁ%ce%?ﬁW‘f rom a candi date set

of currently avail abl e ant enna mappi ngs.

14. A method according to any of the preceding embodiments, further

comprising:

calculating a calibration matrix of the selected antenna mappings.

15. The method of embodiment 14, wherein the calibration matrix of the
selected antenna mappings is used to calculate a steering matrix for data packet

transmission.

16. A method according to any of the preceding embodiments, wherein
the Tx WTRU includes at least one beamforming antenna.
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2. The nmethod of enbodinent 1, further conprising:
-14 determ ning whether the currently sel ected ant enna
mappi ngs are calibrated. 3. The nethod of enbodi nent
2, wherein the determnation is made at the Tx WRU.
4. The method of enbodi rrent 2, wherein the

det m d.{i‘ %odfcc?ﬁﬁ% %Pﬁle%fec Egzgﬁ oditiéntSRIHeEn

orrpr|3| ng: bratlng t he
tmaem fctudan at leagimmgzeamfomnng gniganar m ned t hat

the sel ected antenna mappi ngs are not calibrated. 6. A
nmet hod according to any of the precedi ng enbodi ments

f ur tiser Amumdsd sdcogling fommyvf enbodjmeatsed-bhorhersinthe G F
Oek-he i€ fleld.

“’cc ﬁeﬁﬁa’w ﬁl?'yeﬁﬁ%"d %ban%gcg%%% rret%g\gbggclorgl hg to
any of the precedi ng enbodinents, further conprising:
adj usting the.c |dt Tud
avaitoap! Eod BeusRRf ebfb Gl 10 EHEMGLRL 868 ingind i

ah ai(mama pftHe s@mdraammasnaﬁmgﬂuwétmem pighe &

,&“hgﬁ{precedl ng enbodi nents, further conprising:

b&g}/‘-’u | ‘he candi date set of antenna mappi ngs

avai | abl e for sel ecti on by the Rx WIRU based on | ong

ey 5 ¢ RBS PBARA RGBT dn{ FE R VS B e ntiRdes

afi dhdibdtinl of g rédeiat fdilfﬁ]h esndidatp sets@ending3n serigssoriparalied
fromthe Tx WIRU to the Rx WIRU a cali brati on

91. The method of embodiment 18, wherein the MCS bit field iﬁcludes a
run-length bit for requesting an update of the Rx WTRU's antenna mapping

candidate set.

929.  The method of embodiment 18, wherein the MCS bit field includes a

request for temporarily halting antenna mapping selection.

93. The method of embodiment 10, wherein the sounding PPDU
includes a plurality of high throughput long training fields (HT-LTFs), one for

each antenna mapping of a candidate set to be calibrated.

94. The method of embodiment 23, wherein a plurality of antenna
mappings is calibrated sequentially using the plurality of HT-LTFs.

95. The method of embodiment 23, wherein a plurality of antenna
mappings is calibrated simultaneously using the plurality of HT-LT¥Fs.
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training frame (CTF). 10. The nethod of enbodi nent 9,
further conprising: transmtting fromthe Rx WIRU to
the Tx WIRU a soundi ng physical |ayer packet data
unit (PPDU) in response to the CTF. 11. A nethod
according to any of the precedi ng enbodi nents, wherein

t he _Ix RU,perfor i nmAti .
L 0r 2B oo R SRR SIS B b 2 ey
tHeXouAding PR fnchoies 2 mpdiom angess fonttod AL layengprvice data

e [ t.S urther conprising: transmtting from
u?ﬁgﬂgiﬁa%ﬁdm%&sounding PPDU. 13. A nethod according to
any of the precedi ng enbodi nents, further conprising:
per form a channel . est | ' b %HefBnclud
ant étna ﬂg‘bﬁﬁeﬁ’é’go %?b?%ge@imge%%%m%@t ﬁe recel ved
a PERldst fbé condinet] hatbraacoaptingsdlectmny of t he precedi ng
enbodi ments, further conprising: calculating a

calibration matrix of the selected antenna mappi ngs.
15. J8he Thé hwethodfof embatinenti26, wherefudedSDUbE field includes

callbratio trix of the selected. antenna mappi ngs
aicgmlﬁ'g%‘%l ?Eg'% egtaéltpefn&%ae%’lﬁ ger%g © ?x for data packet
transm ssion. 16. A nethod according to any of the

precedi ng, enbadi. ment Mherein he,. T o

ot 1 Bhst TR e OrREeak g s ol i B0 it A i fees
aREERIEHING dfQ reqiyest fortfhlk aptenme dhaypienizodidutiesed seaighr ei n

the Rx WIRU i ncl udes at | east one beanform ng antenna.

18. A nethod according to any of enbodi ments 9-17,

whersg.n e nfetiod df Bboudiarna2f)mherdathd MYBT bitofihld mciudps
a%ggﬁxgngadt%orﬁgof %(i'gglmn%t éol\{:%g}lgg l:l}e sfizleeolf g.n antenna mapping candidate

set.

31. A multiple-in/multiple out (MIMO) wireless transmit/receive unit
(WTRU) for selecting an antenna rmapping, which is a combination of a single
radio frequency chain and a single antenna beam, the WIRU comprising:

a plurality of antennas including at least one beamforming antenna;
and

a plurality of RF chains for signal processing.

32. The WTRU of embodiment 23, further comprising:
a beam selector for selectively coupling the plurality of antennas to
the plurality of RF chains.

33. A WTRU according to any of embodiments 31-32, further
compriéing:

a calibration unit configured for measuring channel conditions.

-18-



19. The nmethod of enbodi nent 18, wherein the MCS bit
field includes an indication of the selected antenna
mappi ng used for transm ssion of the CTF by the Tx
WRU. 20. The nethod of enbodi nent 18, wherein the MCS
bit field includes an indication of a request for
fall candi date set sounding in series or parallel.
21. The nethod of enbodi ment 18, wherein the MCS bit
fi elsd. i nAl WIEBU aaccordihgnigt lanfsi of fembodizogrdst $hg2.qfurther
%ggate,of the Rk WIRU s ant enna mappi ng candi date

. The nethod of enbodi nent 18, wherein the MCS
bi t f|eldcﬂmmhudmsnacmuéquatﬁw&@hhmﬁmg@n%mnn@ hal ting
ant enna mappi ng sel ection. 23. The net hod of
enbodi nent 10, wherein the sounding PPDU includes a
pl urssl | tAWTRU@&Dr&imgwmgimpmﬁemhodgnQnta32133giHer@nﬂs¢beam

one eac

Qs ik wlpoenSyp BR Rl CO Gy B epltio

enbodi ment 23, mhereln a plurallty of antenna

map gs | i brat.ed ,se ent n

o g ¢ B et s3I blbodiit" e b3 rhercin o
cMﬂﬁ&ﬁmMuﬁmmwnmmoqummsantenna mappi ngs i s callbrated
si mul t aneous! v usi ng .t he,.pl ur al

A met hodaégff‘f%iﬂr?&r ?%hngﬁ of ﬁ%%e&élsﬁn%ﬁ nﬁiﬁﬁﬁes Jaﬁ
cabulatihg realibratiohemstricaslibagedPétDithe nalculdizzl chanadl gshmatlon

cess control (MAC) |ayer service data unit (NMSDU)

nﬁ&?“ﬁreld 27. The method of enbodi nent 26, wherein
the MSDU bit field includes a request for continued

ant enna ' seI ction. 28. T e .
embotfi me U \peeqrding ton2e Péﬁg3|nc heein the
cﬂﬂﬁ%ﬁ&ﬂ&hﬁﬁﬁﬁméramnhk@ued antenna napplng sel ecti on.
29. The net hod nhodi 6 rei.n bi t
field i nem%%ﬂ’qf%r Serins palEnnts 8?*"%‘5 %ﬂ%‘é Fto rﬁ%éu
ant enna mappi ng candi date set search

38. A WTRU according to any of embodiments 33-36, wherein the

calibration unit further comprises:

a memory for storing calibration matrices.

39. A WTRU according to any of embodiments 33-36, wherein the

calibration unit calibrates a plurality of antenna mappings.

40. The WTRU of embodiment 39, wherein calculated calibration matrix

is stored in memory for later use.

41. A WTRU according to any of embodiments 33-40, wherein the

calibration unit calibrates the plurality of antenna mappings sequentially.
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30. The nethod of enbodi nent 26, wherein the MSDU bit
field includes a confirmation of a request to change
the size of an antenna mappi ng candi date set. 31. A
multiple-in/multiple out (M M) wireless
transmt/receive unit (WRU for selecting an antenna

ng, t .
T N e
calibrgtidnsinitjcalbrates the pluyaht[s’ ofiantennamaphiies @m@tﬁt%}l%l&st
one beanform ng antenna; and a plurality of RF chains
for signal processing. 32. The WIRU of enbodi nent 23,
f ur uer AcWﬂ)‘RJIB hogrdiag be amy s« @ehadiméns 3fetd crhereiny the
it he raI [ t
cxfprfgert s Aol foblipBea 32 NS bhaille Bb4F Antditha
mefpiods aeailhld IerSQeleatmntHyethe W&}RH baedgon ipngaﬂemr dhapgel
unlt configured for measuring channel conditions. -18
SUTRIORS ) according to any of enbodi ments 31- 32,
further conprising: a calibration unit configured for

calibrati hann [

ot e 81515 380G he 8 ey YECHhARECHE) S6lud PN e
caibratidreamio caliipptaag dhasre hyrcatrulatingta cllibnatidn matrix.

conditions. 36. A WIRU according to any of enbodi nents

33-35, wherein the calibration unit further

Conpsi S ea wirel@soansinication systdne fo s¢leatipgenbame mappings of

estimatjon maicic and fo
S SO SR Pt s o
(WERU) GRY. a QZcew‘lng\?MMGCmJ nwhéreimaay aoferarbodppipgtis a

cg’xgbmaﬁon ofe a{ s(?ilngle an%enna beam and a single radio frequency (RF) chain,

the system comprising:
" a transmitting (Tx) WITRU comprising:
a plurality of antennas including at least one beamformmg
antenna;
a plurality of RF chains; and
a beam selector for selecting an antenna mapping by
selectively coupling a single RF chain to a single antenna beam; and
a receiving (Rx) WTRU comprising:
a plurality of antennas including at least one beamforming
antenna;
a plurality of RF chains; and
a beam selector for selecting an antenna mapping by

selectively coupling a single RF chain to a single antenna beam.
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calibration unit further conprises: a nenory for
storing cal cul ated channel estimation matrices. 38. A
WIRU according to any of enbodi nents 33-36, wherein
the <calibration unit further conprises: a nenory for
stori ng calibration matrices. 39. A WIRU according to

any f _CROGIIEN ofsengﬁ; rdﬁ?ex%t Chfibidist Qoo PhdtB:a h Bfpings

uni t Cal tes ant enna I'THOpI n
altie mmmm R aBFIRG ore ) akibrasb by Hpsnsttiag from the Tx

f | at .
w0 R herey WA SRS SRk RO, O 570,

wherein the <calibration unit calibrates the plurality

g]; c g d |e ﬂgaé’ %agpaccg ?‘mﬁé Lé%?%f &iﬂ)éﬁéxéle%% B 3&1 A e%elected

aﬁaalnlnb rraapingsu at tthe: dlxi R sandhhepRxy rWTRUy asf calitrated by

@ﬁ%a.%ﬁl@ét g%e@;ﬁwv\ﬁer & n Wczﬁ% rati or%&g:ﬁ?w?g

pﬁwahewamnmm]mmmspoad?tcsﬂhe@%ndl date set of
antenna mappi ngs avail able for selection by the WIRU
based on | ong term channel rmeasurenents. 44. A WIRU
accotgli nThe eystay of lendbodinintdf; whaginthe TshBTR Y petferms a
cal i tio i t..cal C deBided
B parBohd 15 Pel il e BEIRE e Mecthr MEHE0.
PPps.em for sel ectl ng ant enna mappi ngs of a-
transmtting nultiple-in/mltiple out (MMJ) wireless
transmt/receive unit (WRU) and a receiving M MO
WIRUL9, Wh @r sisten@ Rccerding baanppfkntepdisents 46et8himhardinphaotx
a s le g tenna be d a single radio frequency
tﬂ {‘ dﬂgﬁﬁrjgt:onprl sing: a transmitting
(Tx) V\7I'RU conprl sing: a plurality of antennas
I nel Udl n% systelme ggctor gt(? ae.x%gf)fo S mbodiments 46-49, wherein the Rx
WTRU performs a channel estimation for the selected antenna mappings based

on a received PPDU.

51. A system according to any of embodiments 45-50, wherein a
calibration matrix of the Tx WTRU's selected antenna mapping is calculated.

52. A system according to any of embediments 45-51, wherein a
calibration matrix of the Rx WTRU's selected antenna mapping is calculated.

53. A system according to any of embodiments 51-52, wherein the

calibration matrix of the selected antenna mappings is used to calculate a

steering matrix for data packet transmission.

-21-



antenna; a plurality of RF chains; and a beam sel ector
for selecting an antenna mapping by selectively
coupling a single RF chain to a single antenna beam
and a receiving (Ex) WIRU conprising: a plurality of
antanaf_incI?ding at | east one beanform ng antenna;
a plyraljty of RE chains; |
el G | rb UpiOm AP ey SlotpRatia 36553 ety OTF
in@luiied g iphy$3kal ¢dgir inddal ationi ang| codmgtselrarae GEEM Pit figldg 6,

The system of enbodi ment 45, wherein sel ected antenna

mappi ngs at the Tx WIRU and the Rx WIRU are

cal ig5r at 'The &ystém afenbddiinagt 54, ovherdin thix MGRrpibfield ipeladec

WIRU a. cal.j,brafi t raining f .

R gt 1 Bl s g pi o peiringri oo e G
b$ BT RNt enna mappi ngs at the Tx WIRU and the Rx
WRU are calibrated by transmtting fromthe it WIRU

to the Tx WIRU a sounding physical layer packet data
u PT’IOt56'( PPBysteth dcesfingse atyoftebodiffents §4-55 ehergintthedMiS
5 Lment 47,. wher.ein.the Tx .
bt s A0 nf BGR PER FREPoRh o AL Cacih Ateef po Gl
séi® oree phieedl, PPDU. 49. A system according to any of
enbodi nents 46-48, wherein the Tx WRU transmts a

soundi ng PPDU. 50. A system according to any of
enmbogti, e Atsystéhir ABordirtped @hyof dmboRtimentd BY-56ewheneinsthg MCS

channel estimatiqn for .the sel ected |
bijs08 medes 7 auarioRarAinly Sausdi af GRAto B ke
n@@ﬁﬂgmgﬁmmmgg@nts 45-50, wherein a

58. A system according to any of embodiments 54-57, wherein the MCS

bit field includes a request for temporarily halting antenna mapping selection.

59. A system according to any of embodiments 54-58, wherein the
sounding PPDU includes a plurality of high throughput long training fields (HT-
LTFs)

60. The system of embodiment 59, wherein one HT-LTF for each
antenna mapping of a candidate set to be calibrated is included in the sounding
PPDU.

61. A system according to any of embodiments 54-60, wherein the
sounding PPDU includes a high throughput signal (HT-SIG) field.

62. The system of embodiment 61, wherein the HT-SIG field includes
five bits for indicating the total number of HT-LTFs,
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calibration matrix of the Tx WIRU s sel ected antenna
mappi ng is calculated. 52. A system according to any
of enbodi nents 45-51, wherein a calibration matrix of
“the it WIRU s sel ected antenna mappi ng i s cal cul at ed.
53. A system according to any of enbodinents 51-52,
wherein the calibration matrix of the sel ected
antenna mappings is used to calculate a steerin
nat 63x fAsydeanacpadingto anpefembodinents 6362 swherginthedEn
rdi tQ. a : ' 4 b ;i F
e e L el
(MXS) bit field. 55. The system of enbodi nent 54,
whergi n | he i ield_j . L Nehi_gat
t he "sel € t%@&%Efgﬁﬁggﬁé%b?%gqﬁgggé?gggyégﬂgﬁ?sgﬁgﬁﬁgf
phibslitG OF antepns eapbingdliRealitaated Aegyentiahly asing e myunalitsaefy
IﬁF fﬁ%odinents 54-55, wherein the MCS bit field
'ﬁ% es an indication of a request for full candidate
set sounding in series or in parallel. 57. A system
accqy.di ng to, any of .enbpodi S -3 whet gk n iViZS
bit el ﬁﬁ@?ﬁd@%”gulu%lﬁggg#ﬁméﬁﬁiggﬁ reqﬁ%s??%%'an
plipslsiyef aftehhemanpiegss calipapedrimobmtioysly asingithe glgrality of
E@%éhﬁggaccording to any of enbodi ments 54-57, wherein
bit field includes a request for tenporarily
hal ti ng antenna mappi ng sel ection. 59. A system

accordi ng to, any of ..enhodi nme [

sounezﬁ' nggﬁyﬁﬁq ry?ﬁqfol’ﬁ%‘@gqg apﬂyué}ta‘?lf\?i&}%g e éfg’h?%%% pal%e
séudiding PRDUiinguddsel medi{BecdsT Baitrd VMATH ayey sareiee ddta unit
:@gggﬁhgﬁg%159, wherein one HT-LTF for each antenna

( ‘a candi date set to be calibrated is
included in the sounding PPDU. 61. A system according
to 2y oy emed R Sodimert b6, WiSIeS the MEDU bit field includes

a request for continued antenna mapping selection.

68. A system according to any of embodiments 66-67, wherein the

MSDU bit field includes a confirmation of continued antenna mapping selection.

69. A system according to any of embodiments 45-68, wherein the Tx
WTRU is an access point.

70. A system according to any of embodiments 45-68, wherein the Rx
WTRU is an access point.

71. A system according to any of embodiments 45-68, wherein the Tx
WTRU is a base station.
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soundi ng PPDU i ncl udes a hi gh throughput signa
(HT-SIG field. 62. The system of enbodi nent 61,
wherein the HT-SIG field includes five bits for
i ndicating the total nunber of HT-LTFs. -22 63. A
systen1according to any of enbodi ments 61-62, wherein
the AT -
si ze of hg '{?\ﬁnﬁﬁgs can d%ﬁo?é@%o?&ﬁ?en@@% gggdggﬁgin%eme
VERRIG il bepetstationy of enbodi nents 61-63, wherein a
plurality of antenna mappings is calibrated
sequentially using the plurality of HI-LTFs. 65. A
syst@m adcHRh getonding o gnyeoferabodimentscil-gh whareinethe
I nt enna mappings is calibrated
“@Fﬂﬁ éﬁé%%%]%hﬂglng the plurality of HT-LTFs. 66. A
system accordi ng to any of enbodi nents 47-65, wherein

t he dﬁﬂﬂ{ P Q%qﬁﬁ%% C
(NM@S Iagér séf??géh%gﬁgqﬁﬁf?' E%lfﬁg%g?gééﬁ#ﬁna
WIFRU $y/s base svati@enbodi nent 66, wherein the MSDU bit
field includes a request for continued antenna
mappi ng sel ection. 68. A system according to any of
enbodi nents 66-67, wherein the MSDU bit field
i ncludes a confirmation of continued antenna mappi ng
sel ection. 69. A system'according to any of
enbodi nents 45-68, wherein the Tx WRU is an access
point. 70. A system according to any of enbodinents
45-68, wherein the Rx WRU is an access point. 71. A
system accordi ng to any of enbodi nents 45-68, wherein
the Tx WRU is a base station. -28 72. A system
according to any of enbodi nents 45-68, wherein the Rx
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WRU is a base station. 73. A WIRU according to any of
enbodi nents 31-44, wherein the WRU is an access
point. 74. A WIRU according to any of enbodi nents
31-44, wherein the WRU is a base station. -24 CLAI M5
1. Anethod for use in a wireless transmt/receive

unit (WIRU) for selecting tgnna mappi ng, the
nmet hod conprising: adjusti m ndi date set of
currently avail abl e antenna mappi ngs avail able for

selectiqn by, t WRU based.on | ong ter.m channel .
reasurcheReEbOdHaY G Hh SaERS ReBISENY E it (WTRO) for
LRI A ARt nAm PPk e thdd ESHBRASIELhAI N

sel ected froma plurality of radio frequency chains

and adgustyjhg anteerhndateeaet of| @otredtlfr avaidahpleunntdnna ahappings
antenna heans; sel ecting, an na mappi ng fromthe
%’&H&%E"at g)rse‘iel%‘ft_l%ri’gnt he \&ﬂ'&ﬁ?a&a@e nO8nngng term channel
Iﬂggﬁiﬂagﬁéntg,e%ﬁ{emaﬂi NG Whelies Ihgg?ﬁ{? $&d16e 8™ €BRbination of a
mappl Nng and an antenna nappl ng second WIRU are
stiaglebradiodfreqabhdr ahiang ddiectsd! frotech abhedity ohpatditg frequency
in response to a determnatjon that the selected )
chainhand epipelepntennetbesan isplestaditrogna pluralitymftantpgna beams;

dat & SSHGE gh a0 SECRAT AR’ I WIRARFAGT LS of curemay
WSSl a b fePhlaPpaiddig i ncludes: transnmitting a

calibration training franme (CTF); and receiving a
soundietgrminingcahetherethgaclestedd antenuma tmdPPDY) and an antenna

régs,&%nggq%@;gectogﬁ %U%rezgﬁbggttea?d of claimz2, further
calibrating the selected antenna mapping in response to a

determination that the selected antenna mapping is not calibrated; and
transmitting data packets to the second WTRU using the selected

calibrated antenna mapping.

2. The method of claim 1, wherein the calibrating includes:

transmitting a calibration training frame (CTF); and

receiving a sounding physical layer packet data unit (PPDU) in
response to the CTF.

3. The method of claim 2, further comprising:
performing a channel estimation for the selected antenna mapping

based on the received PPDU.

4. The method of claim 2, further comprising:
receiving a sounding PPDU;
performing a channel estimation for the selected antenna mapping

based on the received PPDU.

-5 -



perform ng a channel estimation for the selected

ant enna mappi ng based on the received PPDU. 4. The
nmet hod of claim2, further conprising: receiving a
soundi ng PPDU; perform ng a channel estimation for the
sel ected antenna mappi ng based on the recei ved PPDU
-25 5. The nethod of claim4, further conprising:
calculating a calibration matrix of the sel ected

ant enpa THRARbEKbA &F cldhe m&ﬁaer edmpliing:5, wherein the
calibration matrix of the selected antenna mapping is

used tacalating atalilradioremiatyxmdithe sefestediantennzamiapping.
transm ssion. 7. The nethod of claim1, wherein the
WI'RU includes at | east one beanforning ant enna. 8.

The Ibl(ﬁlg' g{etﬁbal Zlaiphes e'“gl §|l GHe AhbHdss amat1|‘1%( of the

physi ca ayer Iatl on an ng schene (MCS)

ddledtdd ntehina fﬁdﬁwﬂg df el o Laloviateian stderiddSnbirix for data
field includes an indication of the sel ected antenna

paghst hepnszei@sion: transmi ssion of the CTF by the WRU.
10 The nethod of claim9, wherein the MCS bit field
includes an indication of a request for full

candi gdatp oSt RO e dMinh N, SRheRSnOfthed W BRI Elincludds Hi€least one
met hod of claim9, wherei nthe MCS bit field includes

laeamfmrhnngtahnt@mmafor requesting an update of the
ant enna mappi ng candi date set of the second WRU.
12. The nethod of claim9, wherein the MCS bit field

i ncl udegq,a 18 | onbf i];a‘?fphe Wi rl]rgfa{ 'tl¥ o Aol 1ﬁ&uﬁ@5‘:‘anﬁﬁysmal layer

mappi ng sel ec claim 2, wherel
hBeubaivitand cotiig dcheed@ECS) bit field.

9. The method of claim 8, wherein the MCS bit field includes an
indication of the selected antenna mapping used for transmission of the CTF

by the WTRU.

10.The method of claim 9, wherein the MCS bit field includes an

indication of a request for full candidate set sounding in series or parallel.

11.The method of claim 9, wherein the MCS bit field includes a run-
length bit for requesting an update of the antenna mapping candidate set of

the second WTRU.

12.The method of claim 9, wherein the MCS bit field includes a request

for temporarily halting antenna mapping selection.

13.The method of claim 2, wherein the sounding PPDU includes a
plurality of high throughput long training fields (HT-LTFs), one for each

antenna mapping of a candidate set to be calibrated.
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plurality of high throughput long training fields
(HT-LTFs), one for each antenna mapping of a

candi date set to be calibrated. -26 14. The net hod of
claim 13, wherein a plurality of antenna mappings is
calibrated sequentially using the plurality of
HT-LTFs. 15. The nethod of claim 13, wherein a
plurality of antenna mappings is calibrated

si nultamrge liﬁéﬁho%lsdﬂ'kgaﬁﬂ q 3pkHerbid ¥ Rhrdfty i tntehfa M8ppings is
nmet hod of claim 2, wherein the soundi ng PPDU i ncl udes

cahbma’chdmaqa;enmsaﬂyamngdxhe (pﬂM@)ht{ya;feHTsIéF% ce data unit
(MsDU) bit field. 17.The nmethod of claim 16, wherein
the MsDU bit field includes a request for continued

ant e S i ) )
wher g@?ﬁ@%ﬁ%@ cg{ %ﬁq{gd [ ncgude? L{:Q?tgo (¥f| a?x{nt%%a F{gn]rﬁgypmgs 1®
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19.The method of claim 16, wherein the MSDU bit field includes a

confirmation of a request for full antenna mapping candidate set search.

20.The method of claim 16, wherein the MSDU bit field includes a
confirmation of a request to change the size of an antenna mapping candidate

set.

21.A multiple-in/multiple out (MIMO) wireless transmit/receive unit
(WTRU) for selecting an antenna mapping, the WTRU comprising:

a plurality of antennas including at least one beamforming antenna;

a plurality of RF chains configured to process signals;

a beam selector configured to selectively couple the plurality of
antennas to the plurality of RF chains, the beam selector configured to select
an antenna mapping, wherein an antenna mapping includes a combination of

a single radio frequency chain selected from a plurality of radio frequency

-27 -



chai ns and a single antenna beam sel ected froma
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a memory configured to store the calculated channel estimation

matrices and calibration matrices.

23.The WTRU of claim 22, wherein the calibration unit is configured to
calibrate a plurality of antenna mappings and store the calculated calibration

matrices in memory for later use.

24.The WTRU of claim 23, wherein the calibration unit is configured to

calibrate the plurality of antenna mappings sequentially.

25.The WTRU of claim 23, wherein the calibration unit is configured to

calibrate the plurality of antenna mappings simultaneously.

26.The WTRU of claim 21, wherein the calibration unit is configured to

calibrate by calculating a calibration matrix.
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