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communicate with a base station via the downlink and uplink. The downlink (or
forward link) refers to the communication link from the base station to the wireless
device, and the uplink (or reverse link) refers to the communication link from the
wireless device to the base station. The wireless device may successfully communicate
with the base station if the base station can achieve a target received signal quality or
better for the wireless device and vice versa. However, the wireless device and/or the
base station may not be able to achieve the target received signal quality in certain
operating scenarios. For example, the wireless device may be too far from the base
station and/or may be indoor within a home or a building. It may be desirable for the
wireless device to be able to obtain communication services even in these operating
scenarios.

[0004] There is therefore a need in the art for techniques to improve coverage of a

wireless network.



[ 0005] Techni ques for extending coverage of a wirel ess
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commonly used for the wirel ess device. [0008] Various
w&kes sommyncaderulisk dhethiES may dpowaid laky ceiaed fiopeic wircless

Bl R RALA! detD&NOMtd may also forward data received from the wireless
network for the wireless device to the wireless device. The PBS may assign time slots
to the wireless device and may exchange data with the wireless device in the assigned
time slots. The PBS may receive paging messages from the wireless network for the
wireless device and may forward the paging messages to the wireless device. The PBS
may be implemented with an application specific integrated circuit (ASIC) such as a
mobile station modem (MSM) commonly used for the wireless device.

[0008] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows a wireless communication network and a piconet.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] FIG 1 shows

a W reless communi cati on network and a piconet.[0010]
WO-R@8/0&7shows vari ous network entities in the PET/EFBET088968

network and piconet. [0011]] FIG 3 shows a bl ock

diagram of a wireless device gnd a PBS. [0012] FIG 4

shows a bl ock diagram of a transceiver supporting TDD.

[0013] FIG 5 shows a block diagramof a transceiver

supporting FDD and TDD. [0014] FIG 6 shows a bl ock
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Comuni cations (GSM, W Max, etc. These various radio
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BORPR natvebrk SIS0 détworks, etc. A CDMA network may implement a radio

technology such as Wideband-CDMA (W-CDMA), cdma2000, etc. ¢dma2000 covers

IS-2000, IS-95, and IS-856 standards. A TDMA network may implement a radio

technology such as Global System for Mobile Communications (GSM), WiMax, etc.
These various radio technologies and standards are known in the art. W-CDMA and
GSM are described in documents from an organization named ‘3rd Generation
Partnership Project” (3GPP). ¢dma2000 is described in documents from an
organization named ‘“3rd Generation Partnership Project 2” (3GPP2). WiMax is
described in IEEE 802.16 documents from an organization named “The Institute of
Electrical and Electronics Engineers (IEEE)”. 3GPP, 3GPP2 and IEEE 802.16
documents are publicly available. For clarity, the techniques are described below for a
3GPP network.

[0022] FIG. 1 shows a wireless communication network 100 with multiple base

stations. For simplicity, only two base stations 130a and 130b are shown in FIG. 1. A



docunents are publicly available. For clarity, the
techni ques are described bel ow for a 3GPP net wor k.
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100 with nultiple base stations. For sinplicity, only

two base stations 130a and 13Qb are shown in FIG 1.
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wirel ess device may be stationary or nobile and may
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may be in good coverage of base stations 130a and 130b whereas wireless device 110x
is located indoor and may receive weak signals for these base stations. It may still be
possible for wireless device 110x to communicate with base station 130a or 130b.
However, a low data rate may be achieved for wireless device 110x and/or more radio
resources may be consumed in order to support communication for wireless device
110x.

[0025] In an aspect, a piconet base station (PBS) 120 supports communication for

wireless devices (e.g., wireless device 110x) in a pico network (piconet) 102. PBS 120

may effectively extend the coverage of wireless network 100 to an area where coverage



possible for wireless device 110x to communicate with
base station 130a or 130b. However, a |low data rate

woragoshgs7axhi eved for wirel ess device 110x and/PCT/DB2087/088968

radi o resources may be consumed in order to support

comuni cation for wireless deyice HOx. [0025] In an
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[0027] Wireless network 100 may also include other network entities not shown in
FIG. 2. Wireless network 100 may implement I[P Multimedia Subsystem (IMS), which
is a networking architecture that supports mobile and fixed multimedia services such as
Voice-over-IP (VolP), packet data, etc.

[0028] In piconet 102, PBS 120 may couple to a router 122 via various interfaces
such as Universal Serial Bus (USB), RJ45 or Ethernet, Bluetooth, etc. Router 122 may
facilitate exchanges of packet data between PBS 120 and external networks. Router 122

may couple to a backhaul modem 124, which may support communication with a data

network 140. Backhaul modem 124 may be a cable modem, a Digital Subscriber Line
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descrambling, despreading, symbol demapping, de-interleaving, decoding, etc.

[0032] On the downlink, data processor 360 receives traffic data for wireless device
110x from data source 362 and processes the traffic data to generate output chips. A
transmitter within transceiver 350 then conditions the output chips and generates a
downlink signal, which is transmitted via antenna 352. At wireless device 110x, the
downlink signal is received by antenna 352 and conditioned by a receiver within
transceiver 320 to obtain samples. Data processor 310 then processes the samples and
provides decoded data to data sink 308. The processing at PBS 120 and wireless device
110x for downlink transmission may be the same as, or different from, the processing

for uplink transmission.
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dévied b dewivaeclesolink Bhil svitheyirdesspicivgrkt 98 vdes ingrelio¢ link. This

%ﬁ&lﬁ%wa BE/S.ObOr t%%%)%\eziﬁitg?geoﬁg(%%&oo?fcgg?Br%% 50%\81{rggs%sclevice 110x and

ess devi ce ve cap

sahreniigatigougtiput dase cstRhp@nwith I0irdleks MetwwdRSHONRtM@L Kutilizing
100 as well as PBS 120. This would allow wirel ess
evileradigyeseycesbt ai n wi de area coverage from wirel ess

ISP 005 RSal bl 360 SE5K O SRUHG SRR D) o
vmelesstice beiveeil 1fx wisa stativing ednds s/ireclenk danidesm tWith FDD, two
\sl\gpreurealtee Sf?eqﬂgrgc\,}\lnrc an}lce)lg ggeau?edwforre l‘cﬂen %oxl)vinmﬁi al-l | fc’lplink. An uplink
transmission may occur simultancously with a downlink transmission on the two
frequency channels. The frequency channel used for the downlink is referred to as a
downlink channel, and the frequency channel used for the uplink is referred to as an
uplink channel.

[0037] In an aspect, time division duplexing (TDD) is used for communication
between wireless device 110x and PBS 120. With TDD, a single frequency channel is
used for both the downlink and uplink. Uplink transmissions may be sent in some time

slots and downlink transmissions may be sent in other time slots on the same frequency

channel. In one design, the uplink channel is used for TDD communication between



woul d al | ow PBS 120 to provi de good i ndoor coverage
for wireless device 110x and achi eve hi gh throughput

wa@l2108/086hanges wWith wirel ess network 100 w t hPCE/US2007/088968

utilizing valuable radio resources. [0036] Wreless
network 100 may utilize frequgncy division duplexing
(FDD) for communi cati on between the base stations and
wi rel ess devices. Wth FDD, two separate frequency
channel s are used for the downlink and uplink.

An
etk devighshh0g st PRy 1t c ubhisidrien a%%l@a\@swyem [Jegice 110x to
t

%ﬁ%ﬂpﬁ@?ﬁ é{]lggﬁ Z%P]e 1%23%&%#;1‘@?% §1g Pﬁ%{k@g@ﬁ%ﬁs in wireless
nefverly ¢00.t hmsdeaigd calsal Jeﬁﬁklenﬂﬁmmsbs captihg freqieney akanmyls for both
chapnel or the u k is referred t

‘(YHF et a0 aqdda@@ﬂep e SDOHSE flesigh el Efmency channel
duntiexd g sddPRr FﬁDYﬁelﬁeIi e ’Pﬁm&ﬁilbﬁfbn%ﬁ)&@&r‘wmless device
wi rel ess device HOx and PBS 120. Wth TDD, a single

1 Heqamh 8B ScRdnnEbr Exampedsoinesy frb@temcy Iebardhelenini mikicamdd frequency

|ink. .Uolink transm.ss on ent in
Bt B et R SRR BB e TR, TG kil Figdoriee to the
HoWRlifd SidSusithkt sRnbaRsdd BEWEREs @BWEHOOI MnQdBer designs, FDD
desi gn, the uplink channel is used for TDD

peiba b ehior spmpBnigaERmbetatces witgkys deviesok OxiadBBS 12 e.g., using
tﬂ%‘ %mggéb@g&@ m#@ﬁ@l&#{) {%1?1{1126??%%8}{} 0\9“@'8& e%frﬁgwg&'r GRS Rer pair of
&t:@jdnoylshaﬂmew ralyes Sndibéﬂ@t@ign,l@'ﬁ}ele@'d’lnawdﬂsIl@hnﬁ}ymhze TDD for
efficiently reuses existing frequency channel s faor

FRIMRUNCRETRRY WRsH (hsrhasa o@tianRs WHRISES dqysces) #idahRDPrpy also be
g&%l' ap coﬁmthcgﬁ&ﬁﬂétw%&?%ﬁ%%y d@\h@@ 'I‘de e(ﬁ’éﬁ’lg@ 1'29 #Rhis case, the

used for IS use DD communi cati on bet ween
yanne Ifleqmeudg\nhamelm aadis&@BHr1 . coronumrampl knkssionkoth wireless

ngfgﬂsiﬁgﬁg‘?annel X 3? ialosiﬁ%gr% ge({{'}lég% ﬂ%{%f’algg b%ayseg For cach

hatert ergngiarity0 nmﬁ dhane |fd>1[8<mﬁ% Qle&b@ip'tlﬁﬁ a@ﬁﬁ{b@ eh& We86ss device
wirel ess néfwork 100. In otRer desi FDD may be

nfddIBS bfhenmmuaticaa ubl@g e onvit e caetmeb e 11 Ox

(0
BS. 12 SI n downl i nk .and
@E@ﬁﬁa sﬁluséwﬁ%cr El'es $°5 r%ie {Rho Dl%“%“rmlga“‘%“h% B%H [PBSs and
Afrcfek e dudogyaharneéguent chﬁine@n@éfebefbr e @Omnwini@kies between
network 100 may utilize TDD for .conmuni cati on between
6 straiens %.Itdawr@lﬁgs %&GWWé@gd@@.ll@@@%d disguarop baage A licensed

1s Be; dS® éﬂ £ALLR0 ARG Y& SLES egv,' th€ Federal
g-éé% Z%rn | S case, %te s%ﬁe\%r?eéuecﬁ,c

Cbmnnmhcanmy Cbmnms&dn (R!I‘C) 1hehchm1r¢m‘Stam;)' i@ meduiitdl $ori aperation in the

oth wireles : .
requency ban(F %able 1 lists some licensed bands that are commonly used for 3GPP

and 3GPP2 networks.

Table 1
Frequency Frequency Uplink Downlink Common
Band Band (MHz) (MHz) Name
UMTS Band I 1920 -1980 | 2110-2170 IMT-2000
GSM 1900 UMTS Band 11 1850 -1910 | 1930 -1990 PCS
GSM 1800 UMTS Band III | 17101785 | 1805 — 1880 DCS
UMTS Band IV | 1710-1770 | 2110-2170
GSM 850 UMTS Band V 824 — 849 869 — 894 Cellular




network 100 and piconet 102, or a separate frequency
channel may be used for each network. For clarity,

woreeh/0gf753 he fol | owi ng descri ption assumes thaPCT/US2007/088968

wi rel ess device 110x and PBS 120 conmuni cate using TDD
on the uplink channel. [0038] ,The frequency channe
used for TDD communi cation between PBSs and wrel ess
devices and the frequency channels used for FDD

and wirel ess
uesey—isa6d. | A
) | T CEense
\ §88 gﬂ Feddsar 960

ComTunl cati on Comm ssion (FCC) in the United States)

' equi_red .for eration the f.requency. band, Tabl e
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frequency band used for conmunication between W reél ess
vaelesecaPBSs netmatkb 494 ANt | Ansinliserisnd berd g tfraquerny band in

c ed frequenc nd used in,wreless.|oc
HBicho PR EuEARS [T A pERaRH pSfa® FeSibles i aniRed bands
Bendet heVhGER UdBicés6& AsTorab inf&EHHHOE Gn fAfrubey @l- ng_lzand used in
Sonme exanpl es of unlicensed bands includes the 5

Ui E S%éﬂuam’aﬂlﬁ drfafHzirod wead i8AEER{S0dt r 8@3- Lrteand 804 1. TEEE

PO LR, AR L OS2 I BPOG Ao
bor WLANS. di fferent standards in the | EEE 802.1 1

fan1|y of standards from | EEE for WLANs. [0040]  FIG 4
K040k~ a Hodicharagdlaskdhiagiam o§ p gasigh of raesissian0, gBigh supports

t .
H angbe?é{%cgn tR ﬁﬁélf hAL! GiafRBeit 8558 Qhﬂﬂég:f%quﬁgﬁg path 410 and

celver 350 es a transmt pat
a eemmepznht4ﬁ’.042m trhmsntit pathr 10, paqunddl@e modpladr €Quad Mod) 412

nodul at.or ad M 412 recei ves j nphase,.and

FRehrS e Cine ABluta ' Bivehind PERAR AR defa daggsssor 360,
&GormR&Juh @l c MEUIALH R tﬁ@q%lnat(? ®RscBind Gigndls 3ndh 2 uphnk local
aseband signals with an uplink Tocal oscillator (U

o) llagorghll LOp signahnfr@ agjlelp@rganwtomeo anddrpyides @Impdalated signal.

R B aud Gy P R liaR Bremp il o HBish B dosired

beye pd)\ﬁMeﬂevelThEh@Hﬁbhﬁb@@1gfﬁhlgﬁrafn f eradM@l dsfroBfed via a
414 is routed via a switch 430, tered a filter

agich 4HH flterndshn @ fidar 432 aaﬁﬁr@ﬁﬁalttsé yia fPitPItI@r35433 Kilter 432 passes
$g§a¢1e§0 | PR i tﬂ%’%@ﬂ%& E‘haﬁlﬁg L{(eﬂqi%? s HiMREle HSBE uplink
rtransm ssion h

channel) and remove images caused by the quadrature modulation process.

[0041] In receive path 420, a received signal from antenna 352 is filtered by filter
432, routed via switch 430, and amplified by a low noise amplifier (LNA) 422. Filter
432 passes signal components in the frequency channel of interest (e.g., the uplink
channel) and removes signal components at other frequencies. A quadrature
demodulator (Quad Demod) 424 performs quadrature demodulation on the amplified
signal from LNA 422 with the UL LO signal and provides I and Q baseband signals to
data processor 360.

[0042] Switch 430 is controlled by a TX/RX control signal, which may be generated
by data processor 360 or controller 370. Switch 430 couples power amplifier 414 to



channel ) and renove i mages caused by the quadrature
nmodul ation process. [0041] In receive path 420, a

WO e@eissess si gnal fromantenna 352 is filtered PyT/i/5100%088968
432, routed via switch 430, and anplified by a | ow
noi se anplifier (LNA) 422. Flﬁ}er 432 passes signa
conponents in the frequency channel of interest (e.g
t he uplink channel) and renoves si gnal conponents at
%éher frequenci es. A quadrat ure denodul at or

dyping figher DetEsLIQE At (RBSTHISHER amda@qw#PSé%ef A22 to LNA 422
&Hﬂlgp hed %‘&Q&lkorgfa{ype‘l:@ﬁbf}ZZ with the UL LO signal
base

FOVI and signals to data
043k s s dIG6Gho e @&)R]Ckﬂmgrmh o3 (Eleslgn obmrrsoél’wecBZwahich supports

RX caont r ol ted by .data )
DD DR g iyt B aliik G4 SPiD dhangel o 1015 Spgjipiaen the uplink
BREL amRhidelver 343 drfel Iatt%nsﬁl%Zpa@l%mgnd W& reccleﬁf‘éspaths 520 and
used for data transm ssion and couples filter

530 Apmsohilr patly 510 ne usddofos datsetdarfsorisseart en ﬂ@c@pimkocrhannel for both

43 5 sho b
EPBRElLTDD ofsRiS i REr S B B AR Dlu el BicPie g the uplink
dowatli fi¢ BDOD prafidn. CRERBISpARG3TDR aRar ffri @ta @Bcchtien on the
uplink channel. Transceiver 320 includes a transmt

9@Wﬁﬂﬁﬂbf55@)@%ﬁmK@celve paths 520 and 530. Transmit

@@g?k 2 Il q{g tr%n%’ﬁl?% {I_Jljg Od ata %ﬁpes Hi'oa 9)? é?%réé%?vey P lah{ﬂ baseband

opera ecel ve
§20als Sroms athtd procdsson 3rlep @ptfomms qnadrlamrw mddnlauohacnneﬁe I and Q
Lor TDD .operat.jon. Receive paﬁh 530 i s used for_ dat

bandi anadh Withean &iin LChRigpe frempin H&r gencarior P@Qmazﬂd pigvides a
Blroaﬁl%{@dtmg‘ﬁ%f hA%ﬁQr 584 ﬁﬁa@ IR h%ﬁulﬁf%glé ALLhH Sp%szmgl%ﬁ @b¥BSnents in

d Q baseband signals fromdata proces
ﬂenfphnhmhwlabmai torremopel uhades caused by Hiee fuaindu® rbeddigamdprocess.

i gonttier STimoNatsoh® g EhAT R DIt S B RTd 8Pt power

thel. nmlﬂnﬁilﬁiéd%ig%ﬁﬁﬁoﬁl%omﬁﬁmﬁhﬂ%16G§JP6%1%@‘HE§ siwitch B0, further
upl i nk channel and to renove images caused by the

passett thraneé ardvaisixar $6n apd tr@@gryttedo\ws@mf@nn@&%ﬂ ifier 516
EHBH%L]C ! %S\Afgcbe%ef balltﬁ eSrQ.ﬁd $ (%;B ed s ?(‘ﬁboln? \éﬁte::t_lhe%?f ‘?’sl Foeuged through

t po V1 S|gna

anfiEdris@p abd Gwitsh 540)ta@hlivicd bt a8 VUN & 5223 44hd ﬁlu:rrwley a ﬁlter 524. A
passed thro%Ph a dupl exer 542, and transnmitted

avwderine domodulaberaBlo perforawedupdrayir icsrgulagon el difered signal
TPl ESUATATIE, B2 SRS G BRI BAR o
pypcessdbi Bi@r Iﬁ&écelv% path 530, the received signal from antenna 322 is routed
through duplexer 542, amplified by an LNA 532, and filtered by a filter 534. A
quadrature demodulator 536 performs quadrature demodulation on the filtered signal
from filter 534 with a downlink (DL) LO signal from LO generator 550 and provides I
and Q baseband signals to data processor 310.

[0046] For TDD operation, transmit path 510 and receive path 520 are active.
Switch 540 couples power amplifier 516 to duplexer 542 during time slots used for data
transmission and couples LNA 522 to duplexer 542 during time slots used for data
reception. Receive path 530 may be powered down during TDD operation to conserve

battery power. For FDD operation, transmit path 510 and receive path 530 are active,



guadr at ure denodul ator 526 perforns quadrature

denodul ation on the filtered signal fromfilter 524
wowaR/08316es UL LO signal and provides | and Q baRebuszh07/088968

signals to data processor 310. In receive path 530,

the received signal fromantepna 322 is routed through

dupl exer 542, anplified by an LNA 532, and filtered by

a filter 534. A quadrature denodul at or 536 perforrrs

quadr ature denodul ation on the filtered signal fro

Flidr tegpive pathyg 20rmay B%mwrﬁﬂ dPUII}) Qvatedi yafouples pPres amplifier 516

enNeiaLPE4D llg ' and Q baseband signals to
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rece ion. Receive 0 may be powered down during
g@mng@h duﬁercm&bsefmm tﬂiat cafigupdines .shpen FDBIGS. 4 and 5.

ratlon rans ath 510 and e at h.530
BP0 g iet EROL bR 36 AT B el et i e (o condition
Bl di@taldh0the Qtdtlﬁkrﬁﬁ aﬂ@\/i@é’el@jdthsf | BranSdhvdr® 3001Rh&3%60 ndh2each be
during FDD operation. [0047] FIGS. 4 and 5 show two
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ma e arranged differently fromthe conflguratlons
gn%wge peraes In gengigl Bansegheretifoing, 330t Ray caghriggipge any number

of 9%&1@1%{thi g‘ n]f_ﬂe%f r eﬁ»‘% aths'fBY cR% a!ﬁ%ﬂat ®or example, two
e si

conditio sint ansmt and receive
pEeiTss nTayabs ewiilmbles o2 0r twnal aﬁtﬁ@namyayehc iusehﬂefofr WD oatwton, and

%%&%VIOF%{S%%‘%&%@ e fﬂrgﬁ%ﬂ% sttifiog 1Rbartanit aflsbs may also be

gV ©eadiiycandhPRg ll%%ugl%ﬂt PRE grd’%deh r@&c e NGV Ers AP tABRR- transmit
Wrel ess device HOx and/or PBS 120 nay al so be

é]qgli’spp,eqﬂc wiL tahsqme[fs @%a@r&@m@,salsq mc@én gnap$mit and receive paths for

;ueoo n%‘?mt 20, and. 350 may each include any nunber
1°ah8 ar L8 And ARy *itinber of receive paths for

FoRah| antlHﬂIJ&S slﬁﬁ)&fs L¥ROP|dEagrind@f andBHnast ddytalPRocessor 600, which
avai | abl e, one or two _antennas nay. be used for

FDD
B‘f% PaupEhior dpfa pereessoF 31 b wieleshrisyicedy O and/gedrts procqppy 360 in
L ﬁfl@b iR EIGTQ € Da ?acﬁr%ges@&t mcﬂﬁé{s %lrfb?la Qlﬁlty ﬁl%.g eét?orrn processing

chi eve h™data throughput, e rece
ﬂjr\derast'ramymsmrbhahd t¢capison ztnddguppasm olhyr fuattionsTr anscei vers

ﬁé}gﬂ}?n? o ?[lginrggl¥a Igrloge%solrn&loyg Sig&tglasqgngl E)ro%gsdsm[ ﬁfseﬁ)vé’io may perform
various types of processing on data, ¢.g., encoding and decoding for audio and video,
graphics processing, etc. A reduced instruction set computing (RISC) processor 620
may execute software codes for higher layer applications, communication applications
(e.g., call processing), etc. For data transmission, an encoder 612 performs encoding of
data to be transmitted, a modulator 614 performs processing such as spreading,
scrambling, etc., and digital-to-analog converters (DACs) 616 perform conversion of
digital data to analog signals. For data reception, analog-to-digital converters (ADCs)

626 perform conversion of analog signals to digital data, a demodulator 624 performs



Bl uet oot h and/ or other radio technol ogies. [0049] FIG
6 shows a block diagramof a design of a data
wEe@sesyss 600, which may be used for data proP€BES2007/088968

310 in wireless device 110x and/ or data processor 360

in PBS 120 in FIG 3. Data prpgessor 600 i ncl udes

various units that perform processing for data

transm ssion and reception and support other

functions. [0050] Wthin data processor 600, a digital

BiogeaIngp Pstle 8% slesqrpiabling 1 despespdingr febr-mAihird d6eodey gd performs
i,)ng on data, e.g., encoding and decoding for
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et c, nd digital-to-analog co ters (DAGs) 616 .
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medrfadad forl SE@RAl @Ricc@NFoPPxdrpld] DOt @ntr6DEVEIE 6§ support speaker
(ADCs) 626 perform conversion of analog signals to,
#hdgreprirrcaintafagenfduddiorL @R sandesdpr ardpieBaess sfop gideo, keypad
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L P B AR o R BB Blhse Sy i REAAEL. cee
pssey ol IRG. 63Bowe ahreahsplehdesipparfadat prooésswia60@uUdn Yericks, a data
Wi thin data processor 600. An internal nenory 632 .

RHOSFSQT HRY ANGlHAC BRpgaIPeE 88 &1acks 2ad Y gyek e§§>8}cisw}chAmay be
oM GORF HObl ks GRAGFATIGORS power To various units

and may power down circuit blocks (e.g., in

{0088k c ei KI€t. BR®vor arB3&Gmpih enpandtanme stdeture Y00 rtbigrmay be used for

serve batter 0 i nput /output (1/0 . :
EERT cvurioniss Srafottimn b oRPVLHES Gl scbbvirgpss device 110x
¢X¢ BhBBhe AR VafGRissibR ma$RMN8ed It RAaRIS € Ea@3RpBBitame may
support speaker and m Crophone interfaces for audio,
hop amkdetenpingdtimediwaties andrmay deodenkiéppdy & nuesrframe, number.
xternal .nenory interface, . USB,  Ethernet. and/ .
BRIED DR TIRIR By o Bhrlpled By Bl $83R0°FHg. & contenton
gocasiceiod €S ABN 700, adah @opicAasH6s p&RA.(CFR) gsmer al , a
dat a processor may include an% nunber of bl ocks and
\2

HW94t v pdilot/bencar scctighy 0 meay Be used PrriBR 120 g Brpedcast control/
' 6 - Fl. .

Sk sy 8 B b UORE Tl 0N SRGIAIEs, ime

slotyinim i veiadlé g3 nddyédese on pfeB&lcl R c asydchwonehttes deviC@sention access

e.g.,.wreless device HOx. :
per?od 72\8I may be used to support access to the piconet, to send requests and responses

for association with PBS 120, to send authentication requests and responses for wireless
devices, to exchange parameters for data streams during call setup negotiation, to send
command frames, etc. Command frames may be used for communication and
negotiation between Medium Access Control (MAC) entities of wireless device 110x
and PBS 120. Command frames may communicate information such as association
request, association response, disassociation notification, data request, beacon request,
etc. Contention free period 730 may include management time slots (MTS) 732 and
guaranteed time slots (GTS) 734. Management time slots 732 may be used in lieu of

contention access period 720 for command frames. Guaranteed time slots 734 may be



The tineline for transm ssion may be divided into
super-franmes. Each super-franme may have a

w@e@desesiri ned time duration and may be i dentiPCEUSIIY7/688968

superfranme nunber. Each super-frame may be partitioned

into a pilot/beacon section 710, a contention access

period (CAP) 720, and a contention free period (CFP)

730. [0054] Pilot/beacon section 710 may be used by
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as the numbers of guaranteed time slots to use for the downlink and uplink may be
controlled by the PBS and conveyed in the beacon.

[0057] Guaranteed time slots 734 may include (a) dynamic time slots that may
occupy different positions in different super-frames, (b) pseudo-static time slots that
may occupy the same position in different super-frames or may vary in position slowly,
and (c) other types of time slots. The dynamic and pseudo-static time slots may have
different persistence. The dynamic time slots may be identified and/or assigned to
wireless devices by a channel time allocation (CTA) information element (IE) sent in

the beacon, a time grant command sent on a broadcast channel, etc. The pseudo-static
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avai lable tine slots, etc. For exanple, a wireless
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e Assignment information that may convey assignments of guaranteed time slots
to wireless devices communicating with PBS 120,

e Signaling from PBS 120 such as synchronization, data rate, power saving
modes, etc., and

e Signaling from wireless network 110 such as paging messages for wireless

devices within the coverage of PBS 120.

[0061] Wireless devices may detect for beacons from PBSs, e.g., when poor
coverage or no coverage is observed for wireless network 100. Wireless devices within

the coverage of PBS 120 may receive the beacon sent by the PBS and may recognize



access period, etc. The tinme slots may al so be
referred to by other nanmes. For exanpl e, guaranteed
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opportunities (TXOPs), scheduled tinme slots, etc.
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signaling might be sent to the wireless device. The idle wireless device may (a) wake

up periodically and check the beacon in each assigned super-frame for possible
signaling for the wireless device and (b) sleep at other time to conserve battery power.

[0064] PBS 120 may support various access schemes such as carrier sense multiple
access with collision avoidance (CSMA/CA), enhanced distributed channel access
(EDCA), slotted Aloha, etc. For CSMA/CA and EDCA, a wireless device listens for a
clear wireless channel during time periods designated for system access, ¢.g., contention
access period 720 and/or management time slots 732. If the wireless channel is detected
to be clear for a particular contention window, then the wireless device waits a backoff
time and transmits if the wireless channel is still clear. CSMA/CA uses a common
contention window and randomly selected backoff times for wireless devices whereas

EDCA uses different contention windows and backoff times to achieve different
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[0068] A call manager 820 may initiate search for base stations in wireless networks
and/or PBSs in piconets and may control access to the wireless networks and piconets.
Call manager 820 may also control origination, establishment, and termination of calls
to wireless networks and piconets, e.g., as directed by higher layer applications 810. A
communication processing module 830 may perform processing for communication
with base stations in wireless networks and PBSs in piconets. Module 830 may include
(a) a WWAN module 832 that performs processing for signaling exchanged with
wireless networks and (b) a piconet module 834 that performs processing for signaling

exchanged with PBSs in piconets.
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access period 720. Command franes may al so be sent in
contention access period 720,,4n which case managenent
time slots 732 may be on1tted Alternatively, slotted
Aloha may be supported with nanagenent tine slots 732,
n whi ch case contentlon access period 720 may be
BW#? ed A [tosw]t wedplegS4h srirals dbsiogpratien of pﬁhs cleansyifger within
H%Ugl%eﬁ%b e{t Wlfe\ﬂésg abss1 V'[Q ? c'épé m&fu?@@ﬁ)séoﬁﬁgfomgybﬁeratlon of
emented wt twar e mhar e,
ﬂmrrdcmmees w(thlnetramsa:fbvmdﬂl)o Qatl hwmegér 820npdyememtgattinonslofs assigned

rocessi ng. 00 with s ftmare a
et cedbrict 1ok Sbme Lol nRc e e g TR S efallab 455 Based on
NRtAQLK100: 306 é%'tﬁzﬁriff)'hnll %né’ﬂnfsﬁoﬂﬁ drk |s@nt%qg ldbivAnAYL transmissions
hardware, e.g., using an MSM used for

@t@rmmedaittﬂwrapwmawtmsess net wor k 100 The sof t war e

d by d rocessor. 3

[B¥oFor P8 pr Bt Ao HrRTET eliant b Glanas cqgrapnicarion within
PicOf@S9Qr Fo2@xiriplE] BBS G20 nd0hlrolMddaisntonsiesiRs $0NGeceive access
nodul e 800,  hi gher | ayer plications 810 may i ncl ude
(eaRPHU oBnyirelswr doxjsish a@étqw%ﬁrsg@aw deqry caclyacceppsigguest. PBS 120

c I [ t| 0 ay
L SAIGRCGiup dtes BB R U AR AT oo EROL SELEARRLTRY g, picone
oigdratos er i RIES owaict)steracbesovibe picoatt @by atlbwedil wireleSs devices to
The voice and data applications nay generate requests
?%ﬁﬁﬂgﬁpﬁﬁ9@ voi ce and data calls, respectively.
[d39%P] Amliby Wﬂﬁﬁ ng%zi%dﬁa%sblﬁbés' At @ar?b%@rrﬁzﬁme%r p@[S Example,
stations in wreless networks and/or PBSs in piconets
BBd Y@ymmﬂwmlthame@s tobamtteé foi nelgbbainpePiA6s lagd analy report the

i.con nana al so co I
B FGRRRRSS S SeleP BRSO EERN PP O i PAG 136 or
§endbthet &ﬁﬁy nq}l%éi‘i?na@&ijelﬁitﬁ tc%or(ﬁnﬁe chaecldhtlIBati®fand assign
by hi gher layer applications 8 A communi cati on
feawasy |Ch@tm¢édﬁ9| B @Jqlmtghatp@ddopfrrﬁp‘n@n@@, g¢mbe rolrieved. PBS 120
CO%g@ 5 Irg?\r)eln\ém\évthrh{ebsa a%ggeh I%t | S%IT%ESS%JV?legilsl p?c%t nop lbf to usc a

ymuﬂmoﬂeq@n&samhaltorns Isvaxe ireo @ﬂdﬂ@@iﬁ:‘d naldymhaﬁmeg rkag fidorder to
exchanged with w rel ess netwrks and pi conet
FgbRAceg3Mitigdin infrafaresichs R oddd §F%¥gal$%f0r§¢ ghanpporized wireless

device to change frequency channel in order to mitigate interference.

[0072] PBS 120 may assign radio/time resources to wireless devices in various
manners. PBS 120 may assign pscudo-static time slots to isochronous data streams and
dynamic time slots to asynchronous data streams. PBS 120 may also silently grant a
previously stored request to download a large amount of data. This request may have
been sent previously by a wireless device to the wireless network or piconet but not
granted because the wireless network or piconet did not have enough resources.

[0073] FIG. 9 shows a design of a processing module 900 for PBS 120. Processing
module 900 may be implemented with software, firmware, hardware, or a combination
thereof. Implementation of processing module 900 with software may allow PBS 120
to be designed with the same or similar hardware as wireless device 110x. For example,

data processor 360 may be implemented with the same MSM used for data processor
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I?ét\%%l%(s SIIOB g Module 930 may include (a) a piconet module 932 that performs
processing for signaling exchanged with wireless devices in piconet 102 and (b) a
WWAN module 934 that performs processing for signaling exchanged with wireless
network 100.

[0077] A transmit module 940 controls the operation of the transmitter within
transceiver 350 at PBS 120. A receive module 950 controls the operation of the
receiver within transceiver 350. Module 910 may control the operation of modules 940

and 950 based on the time slots assigned to the wireless devices such that downlink

transmissions are sent and uplink transmissions are received at the appropriate times.
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s T T
tik¢ch lanigthe klexs Snay be known a priori or (b) a configurable length that may be
selected during call setup and/or at other times. The length of channel estimation field
1014 may be selected to provide the receiving station with sufficient time to perform
frequency acquisition and channel estimation prior to receiving PSDU 1030.

[0082] PLCP header 1020 includes a PHY header field 1022, a tail bit field 1023, a
MAC header field 1024, a header check sequence (HCS) field 1026, and a tail bit field
1028. Field 1022 carries a PHY header, which may convey information such as data
rate, length of the frame payload in the PSDU, information for the data scrambler, etc.
Field 1023 carries tail bits used to reset an encoder at a transmitting station and a

decoder at the receiving station to known states after the PHY header. Field 1024

carries a MAC header, which may convey information such as a piconet 1D, a source
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operation of the transmtter within transceiver 350 at

w@BB8Ag055 A recei ve nodul e 950 control s t he opRPCHUBIINT/088968

of the receiver within transceiver 350. Mdule 910 nay
control the operation of modyes 940 and 950 based on
the tine slots assigned to thé wrel ess devices such
that downlink transm ssions are sent and uplink

transm ssions are received at the appropriate tine
tddressnafetigaiRmiddaess oh PIOERSRhY CiivBur 9B tEdgsipent AT pohcy, etc.

t t
R e et PP PR B e iHedd based on fields
02napidel Qiﬁ@lné?plsedﬂl@l ﬁmduteesﬂng‘statwn @l desenubeyivbetheiGke RREP header
ect.i vel T eration, of wreless
Hé@ﬁ%@dﬁ@}?e dorFiB§“f}2/0F‘ﬁ"E§1 GRSt %ﬁ?m@ﬁ et the fgoder and
@5&@@1&%%@wﬁ@f&%sea$ter M@'MRCWdérnd ude different
nodul es than the ones shown in FIGS. 8 and 9. [0079]

F983L oA ¢ 030 indledaneeframBPayRad dretd W3k|efemdehtdesequence

M.’f&eiﬁ? tlﬁBéga ycai?g,}_l%a c{ &36?] ad 8 é’ﬁ& ﬁgsieg(glf@SrSo?Eég@eléB%fagles data
Riryeroel 1d08yald GROVIRS gaibee B adrpan! il OR)34asardesPh GRime check
protocol data unit ( and transnmtted in one tine

gqqgencef phbmay 5 gelleraéqii.ga)%edaw Bld PP 2 amppygddiyrthe fageiwing station

P
e AL PO S 0, PRI Pl
BOOGsctinG resdethe anBbdoP apd degdakeetoliibiyn aatd. CPichk 8@BRr carries padding

020, and a PHY service dafa un PS 1030. [0081]
tapef (e abipinanipirger warisg e Oﬁetﬁm@w

er orpirgatyigothofwsehf e;:g}i]léleaﬂﬁ’i)@ &Hﬁﬂﬁ@lth@[sﬁl'a d 8&d for TDD
el d 1014. Synchronization field 1012 may carry a

6orn1$IUn1bamOIB bemenc e PRAtandayibkesusedctyy OthacPPRUngructures with
tation for si etectjo oni zat.i on.

BB ReckOhs i ate f5 i o6 B Skl SY PR Al st

fRSSENcEIdIal 1 Ny whea Usdesk O 1N 3RABIm&S ty fyn'r@t Wi’[’éle*@é/ device for

the receiving station. The bit sequences field
q@uRuBisetir0 wth ey ingles semtanicaeid netwionb end (aFmonet The witcless

equences or ,sone . ot her uences wi th.goo
éew%eepi:r orms @S;[ GSSIS% |f?rra | onu%nca‘il%n .)fvd dﬁI‘St aseestettlo)n in the

ﬁflt%lel(ﬁﬂeﬂwﬁiﬂlgtubmthDDn%}bcﬂlel lklllgwnl“k& wirtlesd d@xﬁce( B)so @erforms data
configurable length that nay be sel ected during call
BIOCERSINENHY SPERUIBEAHER WitlhasSeoqte basengiatipnom dRaMpiet using TDD

&ﬁ&dkn}-"lt '49.” Fbt Blolks 1112 and 1114, the wireless device may perform processing
for (a) data transmission on an uplink frequency channel to the first and second base
stations, (b) data reception on a downlink frequency channel for the first base station,
and (c) data reception on the uplink frequency channel for the second base station. The
downlink and uplink frequency channels may be in a licensed frequency band. The
wireless device may perform data processing in accordance with W-CDMA, ¢cdma2000,
or some other radio technology for communication with the first base station. The
wireless device may perform data processing in accordance with same radio technology
used by the wireless network or a different radio technology for communication with
the second base station. The data processing for each base station is dependent on the
radio technology and may include, e.g., encoding, decoding, modulation, demodulation,

scrambling, descrambling, etc.



1014 may be selected to provide the receiving station
wth sufficient tine to performfrequency acquisition
w@easossIshel estimation prior to receiving PSDRCTWOSHNT/088968

[0082] PLCP header 1020 includes a PHY header field

1022, a tail bit field 1023, MAC header field 1024,

a header check sequence (HCS)"field 1026, and a tai

bit field 1028. Field 1022 carries a PHY header, which
convey |nfornat|on such as data rate, leng th.of

{(Wéﬂ‘ r andicpWifelsssddsvice may mistsdt fornpase iationn in éhle pigless network,

Q%t %ha3&d B ifdts tﬁh&mtt&i edydtlégg%a&agtﬁﬁﬁfs Bl‘?'tﬁe %(@hﬂk? %quency

reset an encoder at a‘transmtting station an
denoder Tiat witekess deaca my dstaat fanbase staﬂommuspmbmﬁs a:fg gbased on
e PHY header. Field 1024 carries ch
Efaay% HoBsmittRg Jpndliepohas, sitges gn dhe d%@ﬁkﬁ%qusncy channel.  The

%%fe%@éiﬁ’é&%y ﬁﬁst @l@t%&ﬂ fﬁ%és%%ta@l@% fnst%e wardMs@hO&RIrk and, if no such
ver si on, ackno policy, etc. Field 1026

e
bate rstaélgnsaaﬂeeiatbetedct%en Idetsetqﬁgeh@ﬂ@ stewlmshl pragnee The w1reless device

d fields .1 an and .use
fRL BBl B3 S SMitarR B ST nBforb ARE Pk AT Bn@orders. The
hearey devicdesydethdCrdramtiby odr theNd@Edt@r badei @httbnbGR8the wircless
carries tail bits used to reset the encoder and

aveternd/ ey ke éi\mcfﬁidxaé@s stafiensrin ngarbymecaederthe figodage station in

@% éig%grbegg%lg % éac{(r)gd %géé 9[@90 e 1hg B)]r$ %%t ea%f {ie%%ﬁdmg on

#0245, basndatdonpiath hbrhmﬁmehwbnlx@ﬁﬁi theﬁmeéléssliéﬁﬁe carries
data for_PPDU 102§:and may be var able in length
FIOSTY 1 cR wasIPTedeviEer Py e ORIt SRBHEIess RRWORK igythe second

D&c9RMBh Sﬁlggk lP d T‘B@ a\;ﬂre@ésg d%@@%h 5 ?qer g ar sfgﬁﬁlent of time slots

receiving statio term ne data | s
tlematie sccood bwtsltayloonf tha vaerdes dedrelsdcti03®doany thesaftai ¢xchange

ittt e iRt P stk b g it 11904l o S1Goy bheqviretess
a&lée%@g %ﬁcH&HQ@@z{ta af E&%c%l ath %uEB%U@)OQQere[ &@18 @btfhﬁy be sent

shows an exanpl e PPDU structure that may be used
fmnemslgc@irtmmst@t promuliple\BRRs ananEés santl begkr ol ksl in one time slot

\gﬁt ﬁ% l\gm Gt PIPBLHPSrt he %)all'lcrn? l\%lcmt eng%B@er %nﬁD 1%15%%6 part of a

ma al' so o) rmunl

p&R86]a f_rhlﬁe étl; SAQMaﬁVdDy @@Qﬁ&ltlbﬂl&@ e fvarisd déynoa may receive
wirel ess device for conmunication with a wire
PHFPRIFCEART IR S HRICs e tHOTs b s ccopdagh frt@tn%ﬂs@lock 1120).

[RASE S, G 1Ze SRS FRERSS TR herRRRRTLE ™ PRS"ppsupron
édlhmuklciﬂdrﬂior alpieondt r e]rhesBBSi eifoensalgo pp@reﬁmgrﬁord@in&numcatlon

fa]exglﬁ!c g% c{e?ﬂg:e&%g%ﬁg(iu%gg o n\-l%i\néfj?l aahcegge%nfd equency band using TDD
(block 1212). The frequency channel may be an uplink frequency channel in a wireless
network and may be assigned to the PBS by the wireless network. The PBS performs
processing for data exchanges with the wireless network via a wireline communication
link (block 1214). The PBS may forward data received from the wireless device to the
wireless network and may forward data received from the wireless network for the
wireless device to the wireless device. The PBS may assign time slots to the wireless
device and may exchange data with the wireless device in the assigned time slots. The
data processing at the PBS may be performed with one or more processors, which may

be implemented in an ASIC, e.g., an MSM commonly used in a wireless device.



(bl ock 1114). For blocks 1112 and 1114, the w rel ess
devi ce may perform processing for (a) data

W0 e@n®8§785i on on an uplink frequency channel tBRCT/H82007/088968
first and second base stations, (b) data reception on
a downlink frequency channel 5 r the first base
station, and (c) data reception on the uplink
frequency channel for the second base station. The
downl i nk_and uplink frequency channels may be in a . ,
10088 s e o hrer RBR) B3y SeBE rRdbCaspie Pl Rpsr-HamF @b angpdetermined time
BELHOL MR\ RaRORES b Med By ARRALIARCRV Bl ERPBS. The PBS
cdma2000, or sone other radio technology for
oepmgiseatwioriessi dadvideh evithiin Sts baseagstaith ahe witedess network (block

irele ice may .perform data processing.in
58165 o S5 iy SRr®F aPbe: BeNABRoRy medY Byiepastork for the
WVt 888 /iR REVAEKcRTbRcH 1D f & B tmd 2R aldea b PRALRY ek Qkes to these
conmuni cation with the second base station. The data

pirolbesdivingsf og., Bdrhcasentgn aupesiitanss deloen d23h). on t he

hp tegh a icl.ude, ce.g., encodin . .
[@EhE: gy fec TR RS R unY riapaRaRt iy Send information
6@ S REdRtddTIRSsab ehd WRE64s nEieoil Mk PBS Mey bIge sélYload and/or other
detect for base stations in the wirel ess network,
wfgymatiga adtsopiopnat & oy whplsi nafwarkpy Thneyelcpaaeswork may control

L 0N n ne .
GRFAIG0Er BR, bSO Yl M FopRUE TR RARI b Enpl, the wircles
pétooriehty Bsign,thbdsgdeey deacdns the PBSThid/edadjystt fasmit power

ase stations on the uplink frequency channel. The .
%V?Iérfaglgel%ﬁé@?&lée%}hﬁf pleaget &%@&V@fgepg pedenynge fqmﬁ pigpnets.

g091 M T ehRSSHARLNRA P R hnilfiesN@esSHGd RASH HhdtdORSpI@hEnted b
Eete@ied, tﬁ%n detecf’fofngg?e %Rat?%ns In p?cé%gﬁ%. M
Tireouwsi mednss s Fde ek amplenyheat sochefues tméyobe bagderseraed amshardware,

i.n Wi reless network and picqgnets in other, orders, The..
HTP R SORNHICC T AagPRRART TSFIokt | B HHarRe g amBlemegtation, the
PrResssilgaldiRNg dmehthe (Mgl &l 881N UMRIEK 0ARAPBS) LRI to perform the
detected base stations I n nearby piconets to the first

tsakriqeesatmagnbd Amplemoniedevitbin are woriowndSHes.t REPsedigital signal
BASSBLa B s, R e PRI TR St S

gayi g@ays[ QPBGAs)[ hproskdselse SconboMES e mMyb-t@@iosit8l Midrdbrocessors,
the wirel ess network via the second base station

elsetermic 91igs, offive elfictreniesyitgelprigaedrify Peidrg) (he fBipctions described
?@%%%g@ﬁﬁ t?IO}gggmﬁhgﬁ§nﬁ%ggkthe second base station

el ess vice I's active and nay thereafter
poORpNgdodat dirmwtane tahéos sofindrcbasgcesttamiion tho tebleiques may be

assigned tinme slots (block 1118). The w rel ess device
R BRR A el Br UBEGHFafclipht $nf pRLYY, thihegréorm the
ﬁﬁi‘éﬁorﬁ%sgﬁ%dbﬁeréﬁm Thé fiPRAGaAS Sl IR W 78 SHQt mafrg)e stored in a

mul tiple PDUs may be sent back to back in one ti
glegory (e.g., memory 332 or 372 in FIG. 3) and executed by a processor (e.g.,

processor 330 or 370). The memory may be implemented within the processor or
external to the processor.

[0093] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not intended to be limited to the examples



with MFS (M ninmumInter Frane Spacing) between PDUs.
A PDU may be part of a packet, a frane, etc.

WQ@\Rdoen0sIss vel y or additionally, the wrel ess deuT/US200EHY88968
recei ve pagi ng nessages fromthe wirel ess network via
t he second base station (blo 1120). [0088] FIG 12
shows a process 1200 perfornmed by a PBS to support
communi cation for a piconet. The PBS perfornms data

rocessi ng. for comrunication with a wirel ess device on,

proc : :
deseribfLiBHER i dh i be japcoided thenyidastrscarpednsiptarh mathulde qyinciples
TRRRI Raltrd2ioscierchf eauency. channel may be an
upl 1 nk frequency channel in a wreless network and nay
[994ksi gned to the PBS by the wirel ess network. The
PBS perforns processing for data exchanges with the
wirel ess network via a wireline comuni cation |ink
Ed@lgg]:k Wit 19 e, ARPEmRG: f or ward data recei ved from
he wirel ess device to the wirel ess network and may
forward data received fromthe wrel ess network for
the wireless device to the wireless device. The PBS
may assign tine slots to the wirel ess device and may
exchange data with the wirel ess device in the assigned
time slots. The data processing at the PBS may be
performed with one or nore processors, which nay be
i mpl enented in an ASIC, e.g., an MSM commonly used in
a W reless device.[0089] The PBS may send a beacon in
each super-frane of a predeterm ned tine duration. The
beacon may be used by wireless devices to detect the
PBS. The PBS nay register wireless devices withinits
coverage with the wirel ess network (block 1216). The
PBS may receive pagi ng nessages fromthe wrel ess
network for the registered wirel ess devices (bl ock
1218) and may forward the pagi ng nessages to these
wirel ess devices, e.g., in beacons sent in
super-frames (block 1220). [0090] The PBS may detect
for PBSs in nearby piconets and nay send information
on the detected PBSs to the wirel ess network. The PBS
may al so send | oad and/or other information on its
pi conet to the wreless network. The wi rel ess network
may control operation of the PBS based on the reported
i nformati on. For exanple, the w reless network my
assign the frequency channel to the PBS and/or adj ust
transmt power |evel of wireless devices in the
pi conet to achi eve good performance for all piconets.
[ 0091] The conmuni cation techni ques descri bed herein
may be inplenented by various nmeans. For exanpl e,
t hese techni ques nmay be inplenented in hardware,



firmvare, software, or a conbination thereof. For a
hardware i npl enentati on, the processing units at an
weposngs76®. g., a W rel ess device or a PBS) useRCT/US2007/088968
performthe techni ques may be inplenented within one
or nore ASICs, DSPs, digitaldﬁignal processi ng devi ces
(DSPDs), progranmabl e |ogic devices (PLDs), field
programmabl e gate arrays (FPGAs), processors,
controllers, mcro-controllers, mcroprocessors,
el ectronic devices, other &leAM3nic units designed to
performthe functions described herein, a conputer, or
a conbi nation thereof. [0092] For a firmware and/ or
sof t war e | Aplappamatuatomprisinge t echni ques nmay be
i mpl enented with nodul e. g., procedures, functions, .
and sgtel%“} OPhBtOCpEPt B‘Pﬁgﬂ%‘éi '?’lﬂ’?&ft%}’fa (eta uagssyipg for communication
hahel finst T statioma L &viddleYs Qomf i MRibE neRASR uIRY fp&%enc division
stored in a nenory (e.g., nenory 332 or 372 in Fl :%
durdeeredhbBd, wyd to perderes dae [frecaysing doncemswnicddon ovith a second
70).. ..The nmenory, may be inpl enented. w.t hin.the .
Biraeiau0n o P8 ut K et P T Bug dubior e qipD): and
previ gufenfes 6sifdid @RhOht 1t4re onld %@b@swe is provided to
enabl e any person skilled in the art to make or use
the disclosure. Various nodifications to the
di scl gsur ey | eadi |y p . 1 Q. thos Kj .
i ehe art aprrnalsg Rt BE ARk 3, 2P TRag b Fppessor i
oEnignecdap Petrfec tpeosetdirg foralataatrangnsssidnt dioatt ugl@kafiéquegcy channel
fr@gklhe spirit or scaope of the gisclosure. Thus, the .
1 e fEsiang seeonddtast sEnifednd & BETIThPiOsesstng fphgata reception on a

gxamiie %g%é%& Redn e rsh Phd kst lﬁas& Qtfn A6 A §He tuﬁﬁnk frequency

[
w dest scope consistent wth the principles and novel
tleanclrfesthdissainddest siarai. n. [ 0094] [ 0095] WHAT IS
CLAIMED | S: CLAIMS 1. An apparatus conprising: at |east
one processor configured to performdata processing

for communirgabpOdatt b ctuifhi 7, Skhdainehs lWin®Ak iafld Aiplink frequency
W rel ess conmuni cati on network using frequency

chanpels ere idadicenseddregFeDy,baadd t o perform dat a

processing for comunication with a second base

station in a pico network (piconet) using tine

di vi shon dupt expipa@tlsTOP)dlaigNd, awh&@hr YnCauplegd b tphécessor is
at | east one processor. 2. The apparatus of claim1l, . )
opdienred toregigier Mathsthe dﬁgeleﬁ;ls Semsupcatign network and to receive paging

messages from the wireless communication network via the second base station.

5. The apparatus of claim 1, wherein the at least one processor is
configured to perform data processing in accordance with a single radio technology for

communication with the first and second base stations.

6. The apparatus of claim 1, wherein the at least one processor is
configured to perform data processing in accordance with Wideband Code Division
Multiple Access (W-CDMA) or ¢dma2000 for communication with the first base

station.



configured to perform processing for data transm ssion
on an uplink frequency channel to the first and second
wha®e/ 081783 i ons, and to perform processi ng for PEL/ES2007/088968

reception on a downlink frequency channel for the

first base station and on thegyplink frequency channe

for the second base station. The apparatus of claim

2, wherein the downlink and uplink frequency channels

are in a licensed frequency band, 4, The apparatus of

cI ai m'1, V\EB? eipRaiphs Qf qlaiEstl. owBersing dass @brleps one processor is
SR Qb Avd EhSSmat R (Y RIS GRBRY BLGARMRR and to

net d 10 receive pagi ng nessages from

wahehgskatecwrthmhﬁ ccadndbrsa etation ko the assigred siecostats base

station. 5. The apparatus of claim1l1, wherein the at

| east one processor is configured to performdata

procegsi NgThe ApeALAARE Ec1ithi Iy, awﬁét@ﬂtl @her adi Rast one processor is

technol ogy for comunication with the first and second
bedgustdatol orbang. darheén appescatdaty uiitsc(PAIU) Isentninethei aasigned time

thﬁ at | east one processor is configured to perform
a processing in accordance with Wdeband Code

Division Miultiple Access (WCDMA) or cdnma2000 for

conmuni cation with the first base station.7. The

appar 3t us &he apnaratusiof elpiar biwharpia ah{castepgtpragrssor is configured to

r [

?%t%%[ef%? Q?;rst L’? ng& %pa{tlﬁgy érg ?%)en 1%5%52 c&?nﬁ]ﬂwﬁﬁgﬁ %@{WJH{ b%ged on pilots

exohdangebyldieaind baie tfadomennn dowalsiek Stqichon chaﬁnélh end to detect for

assigned tine slots. 8. The apparatus of claim?7

yiser %ﬁ“t HetigRs s REgongy éoaé%@es‘gf‘aﬁortsstrm%h Py the second base

QiR IR g RERY QRMlingata units (PDUS) sent in

t he assigned t| 9. The apparatus of claiml1,

mhereln at | east one processor is conflgured to detect

for f Egse sta |on |n tD' m%rele S nnunlca

net vvo | a&ﬁarﬁ “rSoP 918h i VREA lFt‘Srt s?'% é’§%cessor is
&ﬁigu%asto QBtedt BRI bide stdtRAY BNEY vERARS @J)mnﬁtﬁﬁaﬁéh network and, if
detect for second base stations in piconets based on

e fitso hesctstasrptetdstEcipg, toristest tonecdnd desasttatiang s ploanesh
uplink frequency channel. 10. The apparatus of claim

1, wherein the at | east one processor is configured to

det ect1.f or The reppafaase ost@iinONg Wherkthe thd rael €8¢ one processor is

conmuni catj on network and, i

configured to detect for other first base stations in the wireless communication network,
to detect for other second base stations in nearby piconets, and to send information on
detected first and second base stations to the first base station in the wireless

communication network.

12. The apparatus of claim 1, wherein the at least one processor is
configured to detect for other first base stations in the wireless communication network,
to detect for other second base stations in nearby piconets, and to send information on

detected first and second base stations to the second base station in the piconet.

13. The apparatus of claim 1, further comprising:



no first base stations are detected, to detect for

second base stations in piconets. 11. The apparatus of
W@b@BMB3LS5 wherein the at | east one processor iBCT/US2007/088968

configured to detect for other first base stations in

the wirel ess communication nejmwork, to detect for

ot her second base stations in nearby piconets, and to

send information on detected first and second base

stations to the first base station in the wire

comuhii@BIFHIRT AUTRIGYRG @ NS @aliphrading da t TélF‘ rﬁr&t and second

PORI&itld E he g @e?vse[ AR FoPILEL &até FrorP B GRS 6 tQatlon, and a

detect POr other fir g base st ions In the wreless

seomdirdceixt ipeth foetesoiving dat filerh elod scomd dshetatisecond base

stations in nearby piconets, and to send information

on detected first and second base stations to the

secong4basgn%bﬁ&hggcbﬁ@ﬁgﬁgplconet 13. The appar at us

of claim1, further conprisSing:a transceiver

conpr atshearsg 0Be pragassai corgpauhedf torpesfermldﬁ‘gl rtatessing in hecordance with
se _stati.ons rese

b it of P0Gy JBF s InOBp oFich 4L B GEF lioRag "y wircless

SREMOAIcHRGEhMFoRadM a fIREnde8 TRIMEMY Whal farfd @M drivemSREDP@cessing
base station. 14. An (g paratus conprising: at |east
0y

Bneccprdspes With acenePnd Grddel IRchnplegy demsuamunisatinewih mgsaeand base

Q56 ﬁlL 2{5 0 H@t%rl?ﬁnéon? ohqgébﬂcetllﬁecc{w%u%gyy &; and

contuni I on w ase s na wreless
conmuantaidrg toupdédvortke arcast bheposedoif r equency band,
and to performdata processing in accordance with a
second radi o technol ogy for communication with a

secongs baseps airzﬁﬁl%bf‘cl%np i 4 O NELWARK sdBhE 9&95 ZGCHH%IBQQ is same

i censed frequency and a menory coupl ed

at the dagtraboecpnadogssor. 15. The apparatus of clai m 14,
wherein the second radi o technology is sane as the
first radio technology. 16. A nethod conpri sing:

perfoq@1ngAgﬁ&ﬁo@5@ﬁ§§§ﬁgg for conmunication with a
first base station in a wWreless communi cati on network

usi ngpérfagurn dytadpretessiog fousoemiungcaiPoDyith anfirst base station in a
1rgf gsr cr:n gﬁj’@% ARG ST Sugm% fl;egcfuﬁcorg‘{ynfott:lz%itug ﬁlenlg)d:B]ﬁ and

1on In usr'n

t | me \Aﬁér‘fdrﬁiuﬁ)gﬂ det preoekdigg (Ir¥Immdiicatibhewe ahvecorefl bk atamibn in a

erein the performng data processing for
plCO network (piconet) using time division duplexing (TDD).

17. The method of claim 16, wherein the performing data processing for
communication with the first base station comprises performing processing for data
transmission on an uplink frequency channel to the first base station, and performing
processing for data reception on a downlink frequency channel from the first base
station, and wherein the performing data processing for communication with the second
base station comprises performing processing for data transmission on the uplink
frequency channel to the second base station, and performing processing for data

reception on the uplink frequency channel from the second base station.

18. The method of claim 16, further comprising:

registering with the wireless communication network; and



communi cation with the first base station conprises

perform ng processing for data transm ssion on an
waipiosngs78F equency channel to the first base stBECT/082007/088968

and perform ng processing for data reception on a

downl i nk frequency channel fr the first base

station, and wherein the perform ng data processing

for communication with the second base station

conprises, perform ng processing for data transm ssion .

on t hECEpIgRA RSB HIFTHESS ERahHIT Wirslepsh eorapypicatipagiwork via the

&k@ﬁ.gﬁwsﬁﬁg perform ng processing for data reception

on the up |nﬁ frequency channel fromthe second base

station. 18. The nethod of claim 16, further

conprising: registering.wth the wireless

connuhicatﬁﬁﬁm @?VBFQ@gﬂﬁagéceiving pagi ng nmessages

from fhgndvksrep §ERneYMHAl ﬁn%‘éés@,ﬁlgnfﬁr\ﬂ&fdﬁnﬁﬁi@aﬁdhevﬁt?g? Nekst base

base station. 19. An apparatus conprising: mneans
petidrorimi sgviddess promesisating hotwashnusing deqiercywiivisien duplexing
ﬁgﬁiéab se station in a wrel ess comruni cati on network

f equency divi sion dupl exing (FDD); and neans
for pekhey forn@ridahmgPdHL picteiithd & @aMtMIEARh With W deBond base
a second base station in a pico network (piconet)
BI3ieTyintg Pie0 BFtMOB Grcaal e hign dipion deplexmigd TR Yar at us
of claim 19, wherein the neans for perform ng data
processing for comunication wth the first base
stati i comp¢ iapparatiBants clatn Perwidrainnthe pmoass sornperfa@ming data
data transm ssion_on an uplink freguency channel to
PIRECINEs 0T SERMUIGALIGH Wgﬁdthﬁeéﬁg e 5%1;1%%%1868 means  for

gﬁgﬁﬁgﬁg ?‘l?)cgsgfnﬁd@f Bath $QRGhisABn O a8 u%m’iﬁ 'ﬁeﬁﬁeﬂ‘o& %ﬁéﬁtﬁil:]égi’o the first

omthe first base station, and ereéin
besarsationy apémicansrifergpatéiraningy peessinggldrafate cwrptincan iaodownlink

ith the secpond bgse.station conprises nmeans for :
BogRarnehg ] OBS Gt Brecutiort PAASHICES ghe Bisafnfor performing
4ah ipkcch S0 HaNOMBNARARN #Rh tRe 8P BesLARSEREHrRBs means for
and neans tor performng proceSS|ngm:or data reception

perfarmeng) pracassifg &yudate yrapsmissien onr b uphiak sfeesracybeleanel to the

station, 21. The apparatus claim19.. furt her .
Kbt B, s PRl e ing b tstipk dof, A segpron on he

GIARUR (i3hdyOthaRed IRinK theaBebndBaRSsthiRdn. r ecei vi ng pagi ng
messages fromthe wrel ess communi cati on networKk

21. The apparatus of claim 19, further comprising:

means for registering with the wireless communication network; and

means for receiving paging messages from the wireless communication network

via the second base station.

22. A computer-readable medium including instructions stored therecon,
comprising:

a first instruction set for controlling communication with a first base station in a
wireless communication network using frequency division duplexing (FDD); and

a second instruction set for controlling communication with a second base

station in a pico network (piconet) using time division duplexing (TDD).



via the second base station. 22. A conputer-readabl e

medi um i ncl udi ng i nstructions stored thereon,
w@eoopsEsng: a first instruction set for contredCT/Uszy07/088968

conmuni cation with a first base station in a wireless

conmuni cati on network using dﬁgquency di vi si on

dupl exing (FDD); and a second 1nstruction set for

control ling conmunication with a second base station

in a EICO network (piconet) using tinme division
dupl e 3 ng mmppalg_agls Mp%ﬁgr%ulg%p@rﬁor igP1co network (piconet),

§at|on for a pico network (piconet),

COE@YIS at | east one processor configured to

per f oatnhe&bae proecesss 'cmgﬁgfumfd toqrenfiorni catai pocasing fear communication
Wi rel ess deyice on C hanpel i a |license

MG RES TS hersre Ghgtnel Bt Bered g perBynd using time
él%ldtpdlﬁﬁé'xflﬂ’g' MIHPRS & Mfoftﬁrprg@etsﬁng &%rlﬁfbg&%hélﬂgteb with a wireless
Wi rel ess communi cation network via a wireline

conmunicataan matwpikmka aamtd:hae nmmylcamhléd ang t he at

| east qgne proce aratus of claim 23,

wher of AegE PEEIEERDE e HRE LY Communi cati on

with the wirel ess device is an uplink frequency

channel for the wreless conmuni cation network. 25.

The aphar afbe appargtugi ¢h olgim e velidicip Hae drequergt clgnael used for

PEAGESEAor i O | BUECAIA R M GE LN ENS RLERAL OBy e B the wircless
requency channe ron1 Ne“wi i el'BsS €6

o@hivOnicaticdbnetWbsk. appar at us of claim 23, wherein the at

| east one processor is configured to send a beacon in

each super-frane of a predetermned tine duration, the
beacops bei Tﬁe Ucﬁ)ggra% ¥E rcﬂlﬁs§3d%ei:é?§ ﬁl@ detgat oﬁ(ﬂgarocessor is
pi conet . apparatus of claim 23, wherein at

tadsturain eto ptremcs@s oclectsorc ovff ithar ﬁrdqlteoCﬁs shagnelt i frem slthet swireless

to the. rel%ss devi ce and to exchange data with the

GAPEp RSt 8k n the assigned time slots. 28. The
appar at us of cla|n123 wherein the at | east one

processor is configured to grant a request to downl oad

dat a, 26-he Theupperabei o ctramt 2&{ @xhemml tine bat ichet one processor is

8onffg:11ugesii;tlogsgv(ig%§t C??ntl?le Elﬁepl EFrameo pre te%n%ﬂe& ?1%116 ({uratlon the

beacon being used by wireless devices to detect the piconet.

27. The apparatus of claim 23, wherein the at least one processor is
configured to assign time slots to the wireless device and to exchange data with the

wireless device in the assigned time slots.

28. The apparatus of claim 23, wherein the at least one processor is
configured to grant a request to download data, the request being sent previously by the
wireless device to the wireless communication network or the piconet and stored until

resources are available in the piconet.

29. The apparatus of claim 23, wherein the at least one processor is

configured to register the wireless device with the wireless communication network, to



resources are available in the piconet. 29. The

apparatus of claim 23, wherein the at |east one
wEe@sesyss is configured to register the w rel BEGEUS2007/088968

device with the wirel ess conmmuni cati on network,

toreceive paging messages frojgthe wreless

communi cation network for the wireless device, and to

send the pagi ng nessages to the wirel ess device. 30.

The apparatus of claim 23, wherein the at |east aqne

eeireJugme; @etsagﬁsl fiomethe tBirslessesaramprigating ReweHgy the wircless

L6008, L@ che ﬁ%rmﬁgga%a% R VIEhYRIdKykor Wi rel ess

evi ces, to Sénd t he agl ng nessages I n beacons.
31. The apparatus of cIa|n123 wherein the at | east

one proces i S conf| fqrward, data received

from %"E vﬁ B%l aé’Q%“‘HJévP ‘t“&‘ %g’e FaP BS WolffitinPRAATBEFSSOr is
ﬂ’%‘ﬁféﬁ toofdfkeil @ phh¥andsfRt drdne ‘ﬂ%‘ wadiebd e8thinlRication network for

ess conmmuni catron network for the wrel ess device

W@retehedwureet anddo dend the pa@ng nthagappareatars. of cl ai m 23,

wherein the at | east one processor is configured to

recei ve an access request fromthe wrel ess device and

to grant orhéeppaasess dhmt he, Wheali®She davicas Basgfocessor is

on a list of wireless devices all owed access to the

prdtemead. t@3forwid dpgaresciisdofront dhen wBslewhelewicn tohdhatwireless

1: nﬁ&?odpﬁe?%ﬁ? Q4 tosfo?vg %i d%%%?%&e% t? 5 G5 w rQl%s §omm nication

W rel'ess device to swtch ano requency ¢h el

hawiotlt fog decewircitrdeeice ne the Widelesklleviappar at us of cl a| m

23, wherein the at | east one processor is configured

to direct another wireless device not in the piconet

to S"‘?Q.Ch TRe a@gmﬁ% bf eadifney, %MlthE Oyt Mech iIBRE processor is

i nterference. . The apparatus of claim23, wherein

tdrdigated asteionen pease ssjoestifgone o wgtt}resﬂjdtxocesmtﬂtol gagt or deny

i nf or ion on the piconet to the wreless
e e st GNP e s AR &g lqrag sgces to the
plefi®i n the at |east one processor is configured to

detect for other second base stations in nearby
pi conets and to send infornation on detected second

base ations to t Ies n|c
net Wo?i ?ﬂerhaé)peérsg grﬁﬁ Faaul % t}1east Oone processor is

Eaifipubedl 10 diréctt thangieeledsedcviey @&it&g @ aInbﬁtBﬁ Wckjug@t/hchannel to

for sending data to the wirel ess device
mitigate interference.

34, The apparatus of claim 23, wherein the at least one processor is
configured to direct another wireless device not in the piconet to switch to another

frequency channel to mitigate interference.

35. The apparatus of claim 23, wherein the at least one processor is
configured to send load information on the piconet to the wireless communication

network.

36. The apparatus of claim 23, wherein the at least one processor is
configured to detect for other second base stations in nearby piconets and to send

information on detected second base stations to the wireless communication network.



and a receive path for receiving data fromthe
W rel ess device. 38. The apparatus of claim 23,

WO eooBlgt7sEonpri sing: an interface unit confi guP€US2H07/088968
exchange data with the wirel ess conmuni cati on network
via a backhaul nbodem 39. Thesoapparat us of claim 23,
wherein the at | east one processor is inplenented in
an application specific integrated circuit (ASIC). 40.
The apparatus of claim39, wherein the ASICis a
nobil e station nodem (MSM used in the wreless
devi Cg7. 4lTpéfRENACCOMRI 12 kfither oBRPHARE N0 dat a
processing for ‘conmunication wth a W refess device on
a f r eqrengyivehaomptising aaralnsme metdfol seqligndata batd wselagy device

di vi si dupl eX| erform ng
EESSIVR BafggPr ’E?ﬁ?léim& @W{rgl gs V18] ess
comTunl cati on network VI a a wireline communi cation
link. 42. The nethod of claim4l, further conprising :
regi s8&ri nghe hrpawitvedledamdy iferchonicomptisiegwi r el ess
communi ¢ t| on netwo

Che wit ol B dRREwenSs Shiltas B TE°SRPER ebflnication

fAawogeviaandclgpntmdderhhe pagi ng nmessages to the
w rel ess device. 43. The nethod of claim41, further

conprising : forwarding data received fromthe

W r el §§S dﬂ{é C%g%r%t&shgf Vglla{l ! ?r o %ﬁ}%ﬁéw nt'hg tI %gstngﬁé{\%'rg%ssor is

andf of war di ng a receive wre

moptremontedin a}ﬂappﬁbamfnlspéaﬁctirhegmnedeirems(mlielﬂ)ce to the
W rel ess device. 44. An apparatus conprising: neans
for perform ng data processing for conmunication with

a Wirgh eSSTH@%{jIBIS‘a‘?atﬁ?@oiaclﬁlh‘?g@Welﬁqﬁ@ﬂ ICiida ﬁl()_ﬁ)_%%?ﬂ_aﬁ&gmodem

frequency band ‘using time di'vision duplexing
evidMymaebinftbe wpelekodeviiceg pr ocessi ng for data exchanges
wth a wireless

41. A method comprising:

performing data processing for communication with a wireless device on a
frequency channel in a licensed frequency band using time division duplexing (TDD);
and

performing processing for data exchanges with a wireless communication

network via a wireline communication link.

42. The method of claim 41, further comprising:

registering the wireless device with the wireless communication network;

receiving paging messages from the wireless communication network for the
wireless device; and

sending the paging messages to the wireless device.

43. The method of claim 41, further comprising:
forwarding data received from the wireless device to the wireless

communication network; and



comuni cation network via a wireline comrunication
link. 45. The apparatus of claim44, further

W@ 9p0sTsNg: nmeans for registering the wrel esSRCHES100E088968

with the wirel ess comruni cati on network; neans for
receiving paging nessages fromthe wreless

comruni cation network for the w rel ess device; and

nmeans for sending the paging nessages to the wrel ess
device. 46. The apparatus of claim44, further

conpr fVARtingdaidsTereived dramarths mgredest Lcomppeticans pgiprk for the

TR ﬁ@)igeﬁt evice std%v;c]%,e W rel ess comruni cati on

net wor means tor forwarding data received from
the wirel ess comuni cation network for the wreless
devi cg,to the wrel ess device.
4. An apparatus comprising:

means for performing data processing for communication with a wireless device
on a frequency channel in a licensed frequency band using time division duplexing
(TDD); and

means for performing processing for data exchanges with a wireless

communication network via a wireline communication link.

45. The apparatus of claim 44, further comprising:

means for registering the wireless device with the wireless communication
network;

means for receiving paging messages from the wireless communication network
for the wireless device; and

means for sending the paging messages to the wireless device.

46. The apparatus of claim 44, further comprising:

means for forwarding data received from the wireless device to the wireless
communication network; and

means for forwarding data received from the wireless communication network

for the wireless device to the wireless device.



