100011METHOD AND APPARATUS OF ENABLI NG MULTI BAND
TRANSM SSI ON [ 0002] FI ELD OF | NVENTI ON [ 0003] The
present invention is related to wirel ess comruni cation
systens. [0004] BACKGROUND [ 0005] U tra-w deband (UWB)
technol ogy is standardi zed under the ECVA 368/ 369
specification. In particular, the ECVA 3681369
standard specifies a distributed medi um access contr ol
(MAC) Layer and a physical (PHY) Layer for WIRUs t hat
support data rates up to 480 negabits per second
(Mops). The PHY |l ayer is designed to operate in the
Jodotjo 10.6 gi gEmeIdn ANBDAPPARMMES OF ERABUING and has
been accepted as a goUPNBANT TRANSMISSIONhNO! 0gi es
such as next generation Bluetooth(r), wreless
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(I EEE 1394 [ 00061The ECMVA 368 PHY uses a nulti -band
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c%ul | Igﬁg capabi I | |ﬁsn (rng\r%‘?ﬁ Qﬂdggw\f/}é cid%ggequency
dishsipn inpfdotatini (M8 @fﬂ‘@Mmctrmnm information. The ECMA 368 PHY
specification operating frequency spectrum is divided into 5 radio band groups
with each radio band, or equivalent carrier spacing, being 528 MHz. The first
four radio band groups have three radio bands of 528 MHz, while the fifth band
group includes two radio bands of 528 MHz each. The capability to operate in the
first radio band group is mandatory. However, operating in the other radio band
groups is optional.
[0007] The ECMA 386 MAC layer has a completely distributed architecture
and provides MAC services to a higher layer protocols or to an adaptation layer.
There is no central coordinating device and each device supports all MAC
functions. Devices within radio range coordinate with each other using periodic

beacon frames. These beacon frames provide network timing, scheduling and

capability information, as well as other information and functions.



[ 0008] One way in which the beacon frames provide
information is via an information elenent (IE)
included in the beacon frane or in a comuand frane.
This IE may include a beacon period (BP) switch IE
and/or a distributed reservation protocol (DRP) IE
The BP switch IE, in particular, may include an
elenent ID field, a length field, a BP nove countdown

fiogdg], a beachly o RhicRfthéBlachh BlathesdRbhide Blforiation is via an
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[0011] SUMMARY

[0012] A method and apparatus for enabling multi-band transmission is
disclosed. The method includes transmitting a beacon on a first radio band and
transmitting the beacon on a second radio band. The beacon includes

coordination information for transmission on the first and second radio bands.

[0013] BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more detailed understanding may be had from the following
description, given by way of example and to be understood in conjunction with
the accompanying drawings wherein:

[0015] Figure 1 shows an example of a distributed wireless communication
system including a plurality of WTRUs in communication with one another;
[0016] Figure 2is a functional block diagram of a WTRU of Figure 1;
[0017] Figure 3 is a flow diagram of a method of enabling multi-band

transmission; and



[0015] Figure 1 shows an exanple of a distributed

W rel ess communi cati on systemincluding a plurality of
WIRUs i n comruni cati on with one another; [0016]Fi gure
2 is a functional block diagramof a WIRU of Figure 1,
[0017]Figure 3 is a flow diagram of a nethod of
enabling nmulti-band transm ssion; and [O0O018]Figure 4
is a flow diagram of an alternative nethod of enabling
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[0020] When referred to hereafter, the term nol ogy
Tl andIransmissirR 1 ecei ve unlt (\/\7FRU) " When referred
to hereafter, the term nology "wrel ess

transmt/receive unit (WRU)" in i s not
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Wet‘éﬁjeg toh&RIHU) 'tl?eatte{'rgfhology "base station" includes but is not limited to

a Node-B, a site controller, an access point (AP), or any other type of interfacing

device capable of operating in a wireless environment.

[0021] Figure 1 shows an example of a distributed wireless communication
system 100 including a plurality of WTRUs 110. As shown in Figure 1, the
WTRUs 110 are all in communication with one another. However, although
three WTRUs 110 are shown in communication with one another, it should be
noted that any number of WTRUs 110 may be included in the distributed
wireless communication system 100 and every WTRU 110 may or may not be in
communication with every other WTRU 110.

[0022] Figure 2 is a functional block diagram of a WIRU 110. In addition
to the components that may be found in a typical WIRU, the WTRU 910 includes
a processor 115, a receiver 116, a transmitter 117, and an antenna 118. The
processor 115 is configured to enable multi-band transmission, as described by
way of example in more detail below. The receiver 116 and the transmitter 117
are in communication with the processor 115. The antenna 118 is in
communication with both the receiver 116 and the transmitter 117 to facilitate
the transmission and reception of wireless data. Although only one transmitter,
receiver and antenna are depicted in the WTRU 110 as shown in Figure 2, the

WTRU 110 may include a plurality of transmitters, receivers and antennas.



system 100 including a plurality of WIRUs 110. As

shown in Figure 1, the WIRUs 110 are all in

comuni cation with one another. However, although

three WIRUs 110 are shown in conmuni cation with one
another, it should be noted that any nunber of WRUs
110 may be included in the distributed wrel ess

comuni cation system 100 and every WIRU 110 nay or nay
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[0027] I n anot her scenario, the WIRU 110 may transm t
on a first radio band, then switch, or "hop," to a
second radi o band where the WIRU 110 nonitors for the
beacon in the BP and transmts on the second radio
band. An exanple of this scenario may include where
the WIRU 110 including a single radio utilizes
resources on nultiple bands, such as half of the
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the bands (step 450). In one example, a WTRU 110 equipped for EBT transmits

a beacon frame in a given radio band according to its own BP (step 460). Other
WTRUS that receive this beacon frame align their BPs with a BP switch IE. For
example, before switching to the new BP, the WI'RU 110 may transmit a beacon
on its previous BP where the BP switch IE is added to indicate the move to the
new BP. The EBT equipped WTRU 110 may transmit simultaneously in all radio

bands, or in sequence from radio band to radio band. Accordingly, the result is
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[0032] The WIRU 110 coordi nates the beacon

synchroni zati on across all the bands (step 450). In

one exanple, a WIRU 110 equi pped for EBT transmts a
beacon frame in a given radio band according to its

own BP (step 460). O her WIRUs that receive this

beacon frane align their BPs with a BP switch IE. For
exanpl e, before switching to the new BP, the WIRU 110
Bt the BPS i 411 Bakdaee aligied to $heBP of the EBIPWHRIL 210.HEhiBRay
Swi t.ch IE IS add d to, indi catetﬁlhe nove to the new BP.
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nodul e, a vi deophone, a speakerphone, a vibration

devi ce, a speaker, a m crophone, a television

transcei ver, a hands free headset, a keyboard, a

Bl uet oot h(r) nodule, a frequency nodul ated (FM radio
unit, a liquid crystal display (LCD) display unit, an
organic light-emtting diode (CLED) display unit, a
digital nusic player, a nedia player, a video gane
RhGES, AOHEPDhoRd) é@p@ﬁf&bh&{éw\& 8fibradiod/ @évid)Ya speaker, a
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EeteARR) mBGuIRL 4 fremy i RREted SFM) radio unit, aliqud crystal
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smtting on a second radio
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? (gg.transn1tt|ng coordi nat ed beacons across a
|rst and second radi o band. 5. A nethod as in

#0387pr ec edinnbpdimentdi nent, further conprising aligning
beacon period start tines across a first and second
radi o band. 6. A nethod as in any preceding
enbodl.ment, methotdfer enablipg myiltichagditrarsibesid.om a fir st
radio band to a second radi o band and nonitoring for a
beacon on the second radi o band prior to transmtting
on the sedonethodds in dyabrdliment 1, furtier compeising dragsmittingop a

%pg% gnbodlnent wherein a first radio band is

nt 10 a second radi o band. 8. A net hod

as in any precedi ng enbodi rent wherein a first radio

3. A method as in any preceding embodiment, further comprising

transmitting on a second radio band.

4. A method as in any preceding embodiment, further comprising

transmitting coordinated beacons across a first and second radio band.

5. A method as in any preceding embodiment, further comprising

aligning beacon period start times across a first and second radio band.

6. A method as in any preceding embodiment, further comprising
switching from a first radio band to a second radio band and meonitoring for a

beacon on the second radio band prior to transmitting on the second radio band.

7. A method as in any preceding embodiment wherein a first radio

band is adjacent to a second radio band.



band i s not adjacent to a second radi o band. 9.
A nmethod as in any precedi ng enbodi nent, further
conprising a first radio of a wirel ess
transmt/receive unit (WRU) transmtting on a first

radi o band. 10. A nethod as in any preceding
enbodi nent, further conprising a second radio of a
WRU transmtting on a second radi o band. 11. A

mst hagl as Al ettt 4 RCAN HiecLTNO mBBdiment Wheh€ih a first radio
nDnltorlng the transm ssion nediumto

n&rfslr;"li’ig jacentfioasserend sdiobandacon frane. 12. A

nethod as in any precedi ng enbodi nent, further
conpr|5|n eatlng a beacon peri od (BP de endln
%QPP d ng

a det® d as'in any precedjpgerphesdimeatifh ﬁ{c/comp sing a
HF&Q%QU’& £ Wﬁ@fgsﬁ%smﬁﬁ‘fetza% bR WTRUN &aﬁ@ﬁit@ﬂng Qhl NPrst
beacon synchroni zati on across a first and second radio
paie band. 14. A method as in any preceding

enbodi nent, further conprising transmtting a beacon
frane. 15. A nethod as in precedi ng
enboditrend, methodasrin amhreesding gnbgivﬂmgt afuﬁéarc@mpnsmg a

%_{)h(;j\gmng{, g{) %v&m@ thdhsthiftiden A0R05E &lﬁ&' phAgli 0 bands.

as In any preceding e odlnent further
conprising configuring a BP switch |nfornat|on el enment
(IE) i RC S
ot PoR AR A B 680 pE iy LlbpRaRL Mirther somprising

momjpnsg ithe dckdisngssion eghml dol dbtﬂlrmfdtﬂhﬁ presenqei s beacon
% L) BP switch IE to a beacon franme, wherein the EDT

swtch IE includes a field indicating a new beacon
timng value and a tinme to change to a new BP.

12. A method as in any preceding embodiment, further comprising

creating a beacon period (BP) depending on a determination.

13. A method as in any preceding embodiment, further comprising

coordinating beacon synchronization across a first and second radio bands.

14. A method as in any preceding embodiment, further comprising

transmitting a beacon frame.

15. A method as in any preceding embodiment, further comprising

aligning a beacon period start time in a first and second radio bands.

16. A method as in any preceding embodiment, further comprising
configuring a BP switch information element (IE) to include synchronization

information.



18. A nethod as in any precedi ng enbodi nent wherein a
beacon frane is transmtted sinultaneously on a first
and second radi o band. 19. A nethod as in any
precedi ng enbodi nent wherein a beacon frane is
transmtted sequentially on a first and second radio
band. 20. A nethod as in any preceding

enbodi nent wherein a beacon frame includes EBT

capabi?.i t ifesnethod a¥VilRldny preceding? émbddimetnlh,oflirtteri compniging

pr.ecedi ng enqodi nent . rei n. EBT jditieshnclud
frg s GrPapried PRREAEn ceniisston (R E Rt R 06 2 Becon
deinid) mheedinahe ®BTCRRRHEIch IE includes22field iNdibhtingna hew beachn
to performa ngthod as in an cedi ng enbodi nent.
SRnIngyy, ‘W“’Q% %flméﬁﬁﬁg?w az%“%ﬁr ther conprising a
receiver. 24. A WIRU as in any of enbodi nents

22-23, further conprising a.transnjtter. . 25. A
WIRU 3 i f BRhodrs shBrupToesHies %'?g mepfhfitgin a beacon frame
¢ORhéMItHY AmRBIARESIE or A e HRIYeEHdi 1@BioMand. t he
receiver and the transmtter. 26. A WIRU as in
any of enbodi ments 22-25 wherein a processor is _
conf i gyir edh HetHol 3R $hhy Pacdlihd EfbodiAdhOwhaReh a béaRbS fraine
on a second radio bandﬁ and transmt caqordi nated
betrepymittasiseguentiallyon a Gt apd sewgdradiodapdnd.

27. A WIRU as in any of enbodi ments 22-26 wherein a
processor is further configured to.align beacon peri od
st ar t20:i mésmekhod gs imany procedingiersbedirgnt whexsimahepcon frame
2udds W Ambliftj ¥ a0 TREDOI Ment s 22-27 wherein a
processor Is configured to switch froma first radio
band to a second radio band and nonitor for a beacon

on t .Se%%g%x()&géﬂlwe&mn%@nib‘adﬁﬂ&'ﬂw&éih BBTRRpdbiBties
second radi o band.

include any one of the following: a default channel and a default expanded

channel.

22. A WTRU configured to perform a method as in any preceding

embodiment.
23. The WTRU of embodiment 22, further comprising a receiver.

24. A WTRU as in any of embodiments 22-23, further comprising a

transmitter.

25. A WTRU as in any of embodiments 22-24, further comprising a

processor in communication with the receiver and the transmitter.



29. A WRU as in any of enbodi nents 22-28, further

conprising a first transmtter. 30. A WIRU as
in any of enbodi nents 22-29, further conprising a
second transmtter. 31. AWRU as in any of

enbodi nents 22-30, further conprising a processor in
conmmuni cation with a receiver and the first and second

transmitters. 32. A WRU as in any of
enmbod2grentsWARE hs wh ahgiom embpdinonss 22-25 svimoeini proeessbdis
control a first, tra er to transmt on first
ORI T IR P LR BRO R RS i SpU e g and

B mHEGO RN RE b adbR8 Aerod® AifirSY arid WRcdridaradiv Isidon
mediumto determ ne the presence of a beacon frane,

create a beacon period (BP) depending on the

det ergg natd WTRIS @9iflaf o eRBogiaibnsy DERE Gt etaih] aoﬁrocessor is
across the first and second, radi o bands, and_tran

nsherconfigureddo align beacongperiod spgh times z'fthl'osgr%, figst an second
ehodLAENt s 22-32 wherein a processor is configured to
configure a BP swtch information elenent (1E) to
i ncl ude synchroni zation informtion. 34. A WRU

as i mpg@any AOWI‘RTF’ 99' LABAY of 8&3&%&{ 85 07 Y HH AR ES5dkedsSr is

configured to add an_expanded bandw dth transm ssion

(:cgsfrg)lr@btmmc@rfrqng atfirshrasiqband toraajeeond gediadyandsand qupgyitor
ﬁﬁz aslygat:&h 1 fhd X g&ﬁfﬁﬁ.ﬁh@béﬂﬂ%ﬂ t@‘if&éﬁaﬁglgaom\é/ sB&A%adio

t1mng val ue an to change to a new BP.

Band.A WIRU as in any of enbodi nents 22-34 wherein a

processor is further configured to transmt expanded

bandw dth transm ssi on }EBT) capabilities of the WIRU

in a 2%eacdWTREhas in any of emb@limentaR2t28s frrther gompprging a first
[ ts 22-35 wherein EBT capabilities include any

%%g%%#g?ﬂe follow ng: a default channel and a default

expanded channel. PCT/US 2007/ 024 824 - 09-09-2008

I TC 2501463 Q’&‘ﬁ%g%’%%%%b%ﬁnts 22-29, further comprising a

second transmitter.

31. A WTRU as in any of embodiments 22-30, further comprising a
processor in communication with a receiver and the first and second

transmitters.

32. A WTRU as in any of embodiments 22-31 wherein a processor is
configured to control a first transmitter to transmit on a first radio band, control
a second transmitter to transmit on a second radio band, monitor the
transmission medium to determine the presence of a beacon frame, create a
beacon period (BP) depending on the determination, coordinate beacon
synchronization across the first and second radio bands, and transmit a beacon

frame.

-10-



CLAMS What is clained is: 1. A nethod for enabling
mul ti-band transm ssion, conprising: a first radio of

a wreless transnmit/receive unit (WIRU) transmtting

on a first radi o band, a second radi o of the WIRU
transmtting on a second radi o band; nonitoring the
transm ssion nmediumto determ ne the presence of a
beacon frame; creating a beacon period (BP) dependi ng
gn E-j hggd dﬁEGEWTR@taisQﬂ any ole‘ Ex_lx_lbo%%ﬁﬂdﬂg 22432@(1&3]: 8igedtl processor is
andwi dt transmSS| switch . infor i on,
spripired (tp pyonfiguze e BBofvitE BforpaLieR; ¢lepppt f B Gpinclude
sYhdtebnik&idpsdesion. fi el d indicating a new beacon
timng value and a tinme to change to a new BP; and
transm tting the beacon frame on the that and second

r adi 03 panAswATEN @k An th§ JPeAbBMindrANB238GIMIER a processor is
synchroni zation infornmation for transm ssion _on

configuredhte addanrrrpadrdbandiidth tiansmupsion BT |3%§WMEot° a
%E@&ﬁq}z{rﬁe,yﬂrpﬁ%@ EHTF Eff%wq{}htIEan:thg a e ﬂdﬁﬁﬁﬂg andw

secon adio transmts the beacon frame on th
dezcondimingiveluraandl a time to changeTtosa Py BSd of cl ai m 1,
further conprising aligning a beacon period start tine
on the first and second radi o bands. 3. The i
met holb. of ACWARY s\ entiofi embedimentsd A2-BA arhereis a processor is

&J“c££(g§u§a ny ttﬁa%%&&‘tsr'r%p%ﬁe}ﬁ?h aﬁg&zﬁ{th afidnSA Q{aﬂ_ (EBT)

aim1 er el n
tmbblaaesmftmmlﬂsnarbaa@mfmred sequentially on the
first and second radi o bands. 5. The net hod of
claim1l wherein the beacon frane includes EBT
capab3f.i t AC¥TRU adie awFR{kmbddiments 22-35 wherein EBT capabilities

include any one of the following: a default channel and a default expanded

channel.

-11-
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The method of claim5 wherein EBT capﬁ?ébstzaﬁ igyd ggg 09-09-2008
any one of the following: a default ¢

dBE 214630198 RAded channel. 7. A wir elfddLACEME SHEET
transmt/receive unit (WIRU), conprising: a receiver;

a first transmtter; 'a second transmtter; and a
processor in communi cati &FL.ABMS$ the receiver and the
first and second transnitters, the processor :
confi.gured to control the first transmitter to :
Whatdstlairoed is: fi r st radi o band, control the second
Lransii ¢t @ ebéhol 78 Ebling Ehufli BAGR Hhekilefcd Bdlprising:

nmonitor the-transm ssi.on nediumto detern1ne t

pr es enBrst apdig of a sarsless trpsmitFecgive upit{XCHRLD B'@P?‘Bifm‘g
gm dag on the deternination, add an expanded

&?;ém&th transni SSI on ](JEBT) BP. sw tch infor %BIG%E,

el eneheecpndyadieofthg traigmittig on aseropd La %E

SW t ClohiboridlE ki Shn8midsfntmledRint 36 ideferminie the agwence of a

timng value and a tinme to change to a new BP, and
beacas dfa™%he beacon frame on the first and second

r adi ﬁcrbﬁmgsa BEROR ipbribd GBR)ehpémhﬁg anthé detbridinmtion;
synchr gni-zati on inf.0 or t ransm SsSi Npih
first? s%'?:o?@”flgﬁé ‘ﬁﬂghmﬂé?*‘e 'n ’tﬁ (g g Bb
ix[f&ﬂﬁmdrs elbhﬁnbeﬁl)(m d beaven franid; ovlereint thleaEiB’B Bihmﬁltdn JE

S 5l U0 g B T80 e o

uﬁmeweBP;dﬂde processor, is further configured to aI ign a :
beacaon 4 [ d
30O LAl $hé Healde Balil bl Anbidirst AGchOs®MlaibWHirds

bands. cl al wherein t

mhemies ¢he | bedagnt Heame o incluglese synehropigation ¢ @Rﬁaﬁ%@ﬂ for
banglidh b S RrSP AR oESHH 6B Hainkds! whierdth the ik Rultio

. eacon frane.
transmits the beacon frame on the first radio band and the ‘second radlo

transmits the beacon frame on the second radio band.

2. The method of claim.1, further compnsmg allgmng a beaoon 2
period start time on the ﬁrst and second radio bands

3. The method of claim 1 wherem the beacon fraine is transmitted
simultaneously on the first and second radio bands

4, | The method of clalm 1 wherem the beacon frame is transmitted '
sequentially on the first and second radio bands. '

5. The method of claJm 1 wherem the beacon frame mcludes EBT
capablhtles of the WTRU.

_ ‘.1.'2_
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10. The WIRU of claim9 wherein the EBT capabilities
i nclude any one of the follow ng: a default channel .

and a default expanded channel. - 13 - AMENDED SHEET

Recei ved at. t he EPO on Sep 09, 2008 1

of 14 008 3138518007704 624 - 09-09-2008
. ITC-2-1463.01.WO ~ REPLACEMENT SHEET

6 The method of clajm'54wherei:41 EBT capabilities include any one
of the following: a.default channel and a default expanded channel.

7.  Awireless transmit/receive unit (WTRU), comprising:

a receiver; o

a first transmitter;

a secood transmitter; and

a processor in commumcatwn with the receiver and the first and second
transxmtters, the processor configured to control the first transmtter -to
tranismit on a first radio band, control the second transmitter to transmit on a
second radio band, monitor the transmission medium to determine the
presence of a beacon frame, create a beacon period (BP) depending on the
determmatlon, add an expanded bandw1dth transmission (EBT) BP switch
information element (IE) to a beacon frame, wherein the EBT BP switch IE
includes a field indicating a new beacon timing value and a time to cilange to.
a new BP, and transmit the beacon frame on the first and second radio bands
wherein the beacon frame includes sjnchroiﬁzétion informétiori for

" transmission on the first and second radio bands, wherein the first radio

transmits the beacon frame on the first radio band and the second radio
transmits the beacon frame on the second ra.dlo band.

8. The WTRU of claim 7 wherein the processor is further configured
to align a beacon pe'riod start time on the ﬁrst'and second radio bands.

9. The WTRU of claim 7 wherein the prooessor is further conﬁgured
to transmit expanded bandwidth transmission (EBT) capablhtles of the
WTRU in the beacon frame. '

10. The WTRU. of claim 9 wherein the EBT capabilities include any
_one of the following: a default channel and a default expanded channel.

13-

AMENDED SHEET
Received at the EPO on Sep 09, 2008 20:38:18. Page 4 of 14



