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PRI ORI TY CLAIM [0001] This application clains the benefit of priority
from U. S. ¥P3WP4$@Fal Patent Application Serial No. 60/RSSOISIHS083PI ed
Novenber 20, 2007 and entitled "Franme Structure Supporting Miltiple
Air Interfaces for Wrel ess Channel,” which is full y 1 ncorporated
herein by reference for all purposes. TECHNI CAL FI ELD [ 0002] The
present di scl A0S Dye ABARATUSH QBnPRONIIIING Ay SN TEVDT e

speci fical | FRAWE BTRIECTUREFORWMEREIESS COMMEINICATRON SWSATENGS

for providing an efficient frame structure for w rel ess comunication
systenms. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0003] Figure 1

Statione (B9 and mil t1pl o subscr PRIPRELELATY"( g [ 00041 Fi gure 2

i 1ustrates [l?ﬂral]exarﬁns app 1cation c?alms t}g‘e}/ lg)eneﬁt of priority from U.S. Provisional Patent
Application Serial No. 60/989,385, filed November 20, 2007 and entitled “Frame
Structure Supporting Multiple Air Interfaces for Wireless Channel,” which is fully

mcorporated herein by reference for all purposes.

TECHNICAL FIELD

[0002] The present disclosure relates generally to communication systems. More
specifically, the present disclosure relates to methods and apparatus for providing an

efficient frame structure for wireless communication systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1 illustrations a wireless communication system with multiple base

stations (BS) and multiple subscriber stations (SS),
[0004] Figure 2 illustrates an example multi-cell layout;

[0005] Figure 3 illustrates an example frame structure for a time division duplex
(TDD) mode in IEEE 802.16¢;

[0006] Figurc 4 illustrates an cxample transmission timeline for three sectors with

frequency reuse of 3;

[0007] Figure 5 illustrates a design of a frame structure that supports two air

interfaces;

[0008] Figure 6 illustrates an example transmission timeline for three sectors which

support both IEEE 802.16¢ and 802.16m with the frame structure shown in Figure 5;

[0009] Figure 7 illustrates a design of a frame structure that supports femtocells and

macrocells;
[0010] Figure 8 illustrates a design of a method for communication;

[0011] Figure 9 illustrates a design of an apparatus for communication;



[0005] Figure 3 illustrates an exanple frame structure for a tine

di vi sion duplex (TDD) node in | EEE 802. 16e; [0006] Fi gure 4

Il lustrates an exanple transm ssion tineline for three sectors with
frequency W@3W/0H18B- [ 0007] Figure 5 illustrates a desiB§i/GR00/08378he
structure that supports two air interfaces; [0008]Figure 6
illustrates an exanple transm ssion timeftine for three sectors which
support both | EEE 802. 16e and 802. 16mw th the frame structure shown
in Fi gure 510018boojkwyarlé itustiatey g dosicaoln wedpdpedormed fhyanbasststaiion feie
t hat suppor f cel.ls and nmacrocells; [0010]Figure 8 illustrates a
desi gn of akﬁgyﬁgﬁgﬁg# comuni cation; [0011]Figure 9 illustrates a

g 8 g '9;3 8 5 (73 ; 8 S E@? Bgrz g%@_ﬁs g g 98%95@3’@ iiecs?gthi tn aplwipatus for communication;

[0014]  Figure 12 illustrates a design of a method performed by a subscriber station

for communication;
[0015] Figure 13 illustrates a design of an apparatus for communication;

[0016] Figure 14 illustrates a design of a method for supporting communication for

macrocells and femtocells;
[0017] Figure 15 illustrates a design of an apparatus for communication; and

[0018] Figure 16 illustrates a block diagram of a design of a base station and a

subscriber station.

SUMMARY

[0019] An apparatus for providing an efficient frame structure for wireless
communication is disclosed. The apparatus may include at least one processor
configured to frequency division multiplex (FDM) first and second air interfaces in a
downlink subframe of a frame, and to time division multiplex (TDM) the first and
second air interfaces in an uplink subframe of the frame. The apparatus may also

include a memory coupled to the at least one processor.

[0020] A method for providing an efficient frame structure for wireless
communication is disclosed. The method may include frequency division multiplexing
(FDM) first and second air interfaces in a downlink subframe of a frame. The method
may also include time division multiplexing (TDM) the first and second air interfaces in

an uplink subframe of the frame.

[0021]  An apparatus for providing an efficient frame structure for wireless
communication is disclosed. The apparatus may include means for frequency division
multiplexing (FDM) first and second air interfaces in a downlink subframe of a frame,
The apparatus may also include means for time division multiplexing (TDM) the first

and second air interfaces in an uplink subframe of the frame.

[0022] A computer-program product comprising a computer-readable medium



2 [0012]Figure 10 illustrates a design of a nethod perfornmed by a
base station for comunication; [0013]Figure 11 illustrates a design
of an apparatus for communi cation; [0014]Figure 12 illustrates a
desi gn of VO AWPAEd3Derf ormed by a subscriber station f&CT/US2008/083703
comuni cation; [0015]Figure 13 illustrates a design of an apparatus
for conmmunication; [0016] Figure 14 illustrates a desi gn of a nethod

for supporting conmunjcation for macrocells and fentocells; )
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appar at us f orterfaces/indd dawminkeshbiranenf a frasee The instiuotions fncary aldor imtleds code

for causing the at least one computer to time division multiplex (TDM) the first and

second air interfaces in an uplink subframe of the frame.

[0023] An apparatus for providing an efficient frame structure for wireless
communication 1$ disclosed. The apparatus may include at least one processor
configured to send a first downlink transmission on a first frequency band in a downlink
subframe, and to receive a first uplink transmission on the first frequency band in a first
time interval of an uplink subframe. The first downlink transmission and the first
uplink transmission may utilize a first air interface. The first air interface may be
frequency division multiplexed (FDM} with a second air interface on the downlink and
time division multiplexed (TDM) with the second air interface on the uplink. The

apparatus may also include a memory coupled to the at least one processor.

[0024] A method for providing an efficient frame structure for wircless
communication is disclosed. The method may include sending a first downlink
transmission on a first frequency band in a downlink subframe. The method may also
include receiving a first uplink transmission on the first frequency band in a first time
interval of an uplink subframe. The first downlink transmission and the first uplink
transmission may utilize a first air interface. The first air interface may be frequency
division multiplexed (FDM) with a second air interface on the downlink and time

division multiplexed (TDM) with the second air interface on the uplink.

[0025] An apparatus for providing an efficient frame structure for wireless
communication is disclosed. The apparatus may include means for sending a first
downlink transmission on a first frequency band in a downlink subframe. The apparatus
may also include means for receiving a first uplink transmission on the first frequency
band in a first time interval of an uplink subframe. The first downlink transmission and
the first uplink transmission may utilize a first air interface. The first air interface may
be frequency division multiplexed (FDM) with a second air interface on the downlink

and time division multiplexed (TDM) with the second air interface on the uplink.

[0026] A computer-program product comprising a computer-readable medium

having instructions thereon is disclosed. The instructions may include code for causing



comuni cation is disclosed. The apparatus may include at |east one
processor configured to frequency division nmultiplex (FDM first and
second air interfaces in a downlink subframe of a frane, and to tine
di vi si on mHPEPPIeR3Y TDM) the first and second air i nt erfIAER(SQSHAS
uplink subframe of the frame. The apparatus may al so i nclude a nenory
coupled to the at | east one processor. [0020] A net hod for providing
an efficient frame structure for wreless communication is disclosed.
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a second air interface on the downflink and tine division nul ['exed
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transmission may utilize a first air interface. The first air interface may be frequency
division multiplexed (FDM) with a second air interface on the downlink and time

division multiplexed (TDM) with the second air interface on the uplink.



4 at | east one conputer to send a first downlink transm ssion on a
first frequency band in a downlink subframe. The instructions nmay

al so include code for causing the at |east one conputer to receive a
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interval of an uplink subframe. The first downlink transm ssion and
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[0034] A computer-program product comprising a computer-readable medium
having instructions thereon is disclosed. The instructions may include code for causing
at least one computer to send a downlink transmission for a first cell that is frequency

division multiplexed (FDM) with a second cell in a downlink subframe of a frame. The



comuni cation is disclosed. The apparatus may include at |east one
processor configured to send a downlink transm ssion for a first cell
that is frequency division mltiplexed (FDM with a second cell in a
downl i nk sWBRPRPEE? a frame, and to receive an uplink RGTARRABLO838H
for the first cell that is tinme division nultiplexed (TDM wth the
second cell in an uplink subframe of the®frame. The appar at us may

al so include a nenory coupled to the at | east one processor. [0032] A
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[0037] A subscriber station may communicate with one or more base stations via
transmissions on the uplink and the downlink. The uplink (or reverse link) refers to the
communication link from the subscriber station to the base station, and the downlink (or
forward link) refers to the communication link from the base station to the subscriber

station.

[0038] The resources of a wireless communication network (e.g., bandwidth and
transmit power) may be shared among multiple subscriber stations. A variety of
multiple access techniques are known, including code division multiple access
(CDMA), time division multiple access (TDMA), frequency division multiple access

(FDMA), and orthogonal frequency division multiple access (OFDMA).

[0039] The frame structure and transmission techniques described herein may be
used for various communication systems such as Code Division Multiple Access
(CDMA) systems, Time Division Multiple Access (TDMA) systems, Frequency
Division Multiple Access (FDMA) systems, Orthogonal FDMA (OFDMA) systems,
Single-Carrier FDMA (SC-FDMA) systems, Spatial Division Multiple Access (SDMA)
systems, multiple-input multiple-output {MIMO) systems, etc. An OFDMA system



that may be used for voice and/or data conmuni cation over a wrel ess
comuni cati on network. Exanples of subscriber stations include
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oy esent i SORORLal dbmhpRrdleh il iy Slobeter WG RAZ0.“AHAEE e f10 Sravstig

i n | EEE 802bd Galletndridt h&flcontesi torhé or All bf thatfeddtiaaaity of, ahiaseds poigt, Mrldee
Br oadband Wrel ess Access Systens,"” Cctober 1, 2004, and | EEE

802. 16e, enBi 1 @glvepdyade Bs ctepFach hasg stetiens [ Ko viflsscqmammiqution peyerage for

Broadband VY hekieiar AGeRDRicIYS! RIS THANBRRHRRIM i reRPYSL 6Ak sARG VRIAHR:

Access Control Layers for Conbi ned Fixed and Mbile Qperation In

Li censed Batgigoveragelgrogality dependagos thyisentextdo siinbirthe teamds psed| iTol ipprove

'EEE sz 16R e SR AR pdtbs S R Reule Bkl il

smaller arcas, €.g., three smaller areas 104a, 104b and 104¢. Each smaller area 1044,

104b and 104¢ may be served by a respective base station subsystem. The term “sector”

can refer to the smallest coverage area 104a, 104b and 104c¢ of a basc station 110 and/or



[0041] Figure 1 shows a wireless comunication system 100 with

mul ti pl e base stations (BS) 110 and nultiple subscriber stations (SS)
120. A base station 110 is a station that comuni cates with the
subscri berWQe¥P{08118 120. A base station 110 may al so b&@TAPLFSHAY
may contain some or all of the functi onaéity of, an access point, a
Node B, an evolved Node B, etc. Each bas® station 110 provides

communi cati on coverage for a particular geographic area 102. The term
"cel |" can therhape stefion syhsystegysgrvighthisioveragy ¥e2 |4% coverage area 102
depending on the context in which the termis used. To inprove system
capacity, alW¥dk stSabswiversoiionsgl@lanan ba Bpemsd teoyshenti the onemilPoand
multiple s Y . e S . .

Tosc. "Each CidaRrEaSuaindoo ey BAR G bAR) A\ URn i o may
respective biasdestalitd, aind sudys yaitamsorhb er tadlrofi the datcdotialieanf, racfebild gatidne
smal | est cog@gg%(ef ar.eé 104a, 104b6§nd 104c ,of a base station 110

and/ or WO POETEBY P GSSIBEN BB 3 B%T IV RRH AR S0P JRILAFPSt Eifin
serving thi g GOVeNRENaAsLRILA4y bd QQ4RA ﬁé,lat}%soialadi%i@ﬂ%sslﬂ%&t Py A 8&

di spersed throughout the system 100, and each subscriber station 1

may be st at Miskesy doricargbvirdless anades er handheld davirore BpOPrapEics pardless
cal I ed, and gay. GONLAL BRI Hon?dh rgJ ol nﬁ’&?c—:t\!vf?lp%rb,t%to&’m@ti&%%‘aiee
station (I\/Bf, aterm naf, an access termna , a user equipment,  a

subscri ber smiitns hlOstmttheodowdink. (DA )sarkdéa ruphek (Blatat eny LR@nmymés. alhe

cel lul ar phgne,.. ersonal..digital gssistant (PDA), .a wreless .

dovi ce a” wiPEEl-BRETBAT i Sifbmee Breviragicatior Gk SR frsearions 110
cordl ess phenane &lubscribes $E6Rd Day, shat ihenugi2@ @Y r@@fﬁ_ﬁuﬁhl?aife@’erw foh the
zero, one, or multiple base stations 110 on the downlink (DL) and/or

upl i nk (UL) cemmypipatiimlink fraspibgsubsprberipans 10 to die tage stefraas 11thk)
refers to the communication link fromthe base stations 110 to the
subscri ber 048] ond'on 20centpléred Hechiteftinrek a(wptemespatraler] 139kinay epenls ta the
t he conmmuni [ ' r e [ [ to. .t

stations llg%te[gg%ﬂé’i ﬁ?jn&%&xh@er %q%lﬁ@g%{(’él%@% ic?%rgoil tg(%g;ﬁesé%gsyessg%lr%gglﬂﬁsﬁw
control | er iB@nmeyntiotep] 3@ mhoy bdwesihgls actsioalt ning orld fblRobnprfartvaek entities.
coordinatio an%ﬁc%nt rol .for th s%ﬂga?se. stﬂ' ons 110. The S%lstem
control | er 190" HsyioBed ATditRgres: He LR SetioRs i Q/mﬁl‘ COMPYRICHE Pt puganother
networ k ent pd hR8ed FOr a distributed architecture, the base stations
110 may comruni cate with one another as needed. [0044] The wi rel ess
system 100 av I ihal .
stotors 104N han THEAMAGE S em 300 BB R s, 8 HOF RS incude
st ati ons 120we¢asetios Hdnel 0dbond 0400 Patmiyarismisons faysilpsgribartstatigonk0 in the

mul tipl exin o_avoi.d,or mnimze intrasector. {nterference. .Howeve
data r ansmiss st By B bl e oPob BRREMRlipletnBo B G B iRl
104 may ngt sdeeor ditttiagagealHoes er, Hﬂa}&ﬁhﬁﬁsﬁ&fﬁ@o@ﬁﬁg&%zﬁfﬁbﬂo Bt Afférent
120 may observe ipnter-sector interference from subscyriber stations
120 in ot he?ecé‘%ll@)‘]t’ may gat berprghqeppalzed dB tch Gape pacasubrcEberayation 120 may

signi ficant hseARARRAS RETAEFIBAGS R SutidbSRe ¥ANLARD if URRFLdRRL 104. The
stations 120 observing high levels of Iinterference. The wreless
system 100 mdsr-seefpt ogterferengseney significantly dgesadeeperfimmanasnéori disoivaergado
conbat inter-sector. |.nterference. .[ Q0AS],Figure.2 sho an_exanpl e
it el | PG SO0 RS R e R P e ot PRRGERER 1y
an ideal hewagomplbatireapgicoxicimt 68 gidater Cthreloagen bardadar yormabatt fak-scctor
sector 204., Eagh 3-sector cell 202 is nodeled by a clover of three

i deal hexagBHITeHCEh t he base station 210 being located at the center

of the clover. The three sectors 204 of each cell 202 are | abel ed as
sector 1, sHO8k 2 Figrg 2sghopsranmgexample multi-cell layout 200. For simplicity, each

sector 204 is modeled by an ideal hexagon that approximates the coverage boundary of
that sector 204. Each 3-sector cell 202 is modeled by a clover of three ideal hexagons,
with the base station 210 being located at the center of the clover. The three sectors 204

of each cell 202 are labeled as sector 1, sector 2, and sector 3.



9 100461The system 200 may enpl oy frequency reuse of three. In this
case, the overall system bandw dth may be divided into three
frequency channels called FI, F2 and F3. Each sector 204 of a cel

202 may beV2HPPABPE? a different one of the three frequdfdIBUFHE 0% or
exanpl e, sector 1 may use frequency chanpel Fl, sector 2 may use
frequency channel F2, and sector 3 may use frequency channel F3. For
the cell layout shown in Figure 2, each sector 204 is surrounded in
the first til&H6for %esyrsfiems?oor 13y enByos fgquearn saie of deeyr dn dlya caspatthe

use differenlehii ggg{&ﬂ%h&hﬁﬁﬂ?%? bd Hﬁrmehgﬁtfo tﬁﬁgtf%g}%&g -chﬁﬂlel%ddag&gﬁi, F2

sector 204 is a sector 204 t IS | mMmedl at e cent to an ares
cover age boundi&By Kechlsectonlleof secll @02 204 beTimagnedacliffgegtane of thisihmep

frequency channel FEl |s surrounded si x adjacent secto 2 and,3
s g 11 equdanTen Al USSR el 1Y P BT HHer kR L R owlBon ey
usi ng frequensfreqlvitynehanhd FX5 aadrseaons ethybyse Stoquatyahemie] $8C Ry Shel cell
and 3 using frequency channels FI and F3. Each sector 3 _.usin

frequency clRHenows i KigdTs 4 Seriosetony0 4 suspynded nrthe et Bwéorlt%a figpt ping)
using frequegpgy %&?é’d%ﬂﬁée%to% 2@ Fse diﬂ%&]f&an V&Eaﬁrraﬁhwﬂﬁt Sectobi 2o,

frequency reuse the sanme frequency chaune I's reused by sectors
204 that ar dmadiaced] aestert 2Q4oisoneecieroldrethat andmmkdiaicht edjacectopnd shares

interference_ o rved.in each sector, B 204.,s-treduced relative tp the

chse | vy CRPRRR YAk FAE SRS Hodt U, ThES HGRE b3l sfie Bedudfey
However, a thagelecis suguvmgicl dgtsdl adjicat sctdrN2And Beisitg Wrdqe&iel tcharhels F2
under-utilization ?% he avai |l abl e system resources since each sector
204 i s abl e 2BbFhanthsdirst tiers Each eater dfusingdregyenicy chansgikZe ih sHEARRGCA O six

[ 0048] Fi gur g4i3cP Q808N Wmsﬁéfﬁ&]g&lét SRty #1308 30T E&hl deB®r 3 usin
di vi sion dupl’ex (TDD) node in | EEE 802 16e. The transm ssion tineline

may be part ifteifeaney channel Bhiis suresfundedabie six3@ifceBasshtofs hard 208ingafregipugy
a predetern%gg@ﬁﬁ' ng% ation, e.g., 5 mlliseconds (ns), and nay be
partitioned Tnto a downlink subframe 312 and an uplink subframe 314.

The downlin upl] i nk subfranes .312 14 may be s rated by, a
O I T B R o T L S W e e et sy
(RTG) 318. [ROAY] A muzbery @btophy®l gal asule hajpabalt o By sb@hdehhd e inter-

Each physi cal subchannel may include a group of subcarriers that may
be cont i guos¥tArinErierersahsaned iy ¢k seaier Hipdt Earupriiglafive i tha cpgrin eIy
| ogi cal subghapnelS)032%eTRY s@hs FrefifendP thiae 20d Q?reﬁﬁ{ﬁ@?qm}sg A6
physi cal subchannel's based on a known mappi ng. The 1ogica

subchannel s gBaRr thay osie mplyi résult ihemdérhwdmatioonofahe peslabie cpsem rdsOuidstsincea

pt 1k map. I RRE 20490 Sk RGBTy R pe Sedveed Seidhbingdl: "

preanbl e 32 y rry.a.known transmni ssion t ha be used.b
Cubacr ber - S4BT ond st hSHE A0 GKRE SR SYHe HHDRY 2T ey
326a may ca(THDPHoas Bl BEE 802€@e! Thé BERINYSid @l MR 125R&itidnBe irkd- uAP
330, and the downlink bursts 332a-f. The DL-MAP 328a nay carry a

DL- MAP nessafdtamgpid®f. nHgchi fame dO8i miospat k diiedstesmingd ofing Mytatipre.g., 5
vari ous typesi; |, ' f OF ' : -
330 mmy cor FolSof R ) e O Aok R in LI ERERP 27 080 b
types of cosdtifaimel idor Tt downlfndrandplplink salefeerss. 3 1214 man lbie rskpdoates bg a
332a-f may carry, traffic dat r,the subscriber station i,n
sorved. An TRPTHIC GBI R s U QLY SRR e TSt RPLRIRATE,
which may carry traffic data fromthe subscriber stations heipng, .
served. | oo@‘ﬂ"?h gg“nel}ugﬂzeft o Dhiighl | RERR FPeh wesaﬁheane&agffzphyglf@
may Cover albchannel may include a group of subcarriers that may be contiguous or distributed
across the system bandwidth. A number of logical subchannels 322 may also be
defined and may be mapped to the physical subchannels based on a known mapping.

The logical subchannels 322 may simplify the allocation of resources.

[0050] As shown in Figure 3, a downlink subframe 312 may include a preamble



fraction of a frane 308. In one design, a frane 308 spans 47 OFDM
symbol s, the downlink subframe 312 covers 31 OFDM synbol s, and the
upl i nk subfrarre 314 covers 16 OFDM synbols. The frane 308, downlink
subframe Y9 2009067381 i nk subframe 314 may al so have ot RETERIPUSOBHAL
whi ch may be fixed or configurable. [0052] Figure 4 shows an exanpl e
transm ssion tineline for three sectors 404 (i.e., sector 1 404a
sector 2 404b, and sector 3 404c) wth frequency reuse of thre

this exanpl 8242 adrase conrohbeaderdFSHR 26 ardosmlink aipp dRAAMAP) ﬁ?SM%aplmk
Downl i nk tr ﬂ@@’ﬁ

t he downl i nE&?@ rame R%Qnggﬁvﬁlﬁﬁ(ﬁﬁ‘tb ?I%{r%lg’%ggggn lgtr|§ ?é@%ﬁ 0
frequency clraoweltrafmidgém thah malsrebwlpslcd iy sbigfibamgatidngd. foNGame detection and

transm ssions are.s f cy channels F2 406h .and F3 40 r
he down | neSHrGiEERR (e FCa 7o hap A5 Badrisfrs, 05 opEr b OIGAP
frequency chaggeie TR-MARRB30,Rawmd ddkvnliniaBeiisSSLHASTHAOL M AP S8 me@f carry
frequency channel F2 406b in the downlink subframe 412, -and uplink
transm ssi oRDUIAR messaghvhith mpeigciue iumaterclemonts 0Ep) fonvarus tipes ok
subfranc 414 t ague H6a
and F3 4060 or tﬁfoﬁ%ﬁlﬁkgeg}lﬁgﬁ&@ |%{ésieﬁ6t or 25: 3%)01%%?@;{}?0?%?14

404c oper at emsgge.f whigh emyymc]udm hed fdE3vadioee typdoefi komiol tinfarmsation sfoo nplink

412, “and upPRR T EORY GUIAHE B a325F e SR Gy el B b Sy YEGons

406¢ in the bujpkistles Ui @bk 438franN03 14 MBS MchsdeQipSink bers&EIBMa @ which may
frequency channel s FI 406a and F2 406h faor .the downlink or uplink in
sector 3 4o&wﬁv@°§e@§¥%%8@W%§%w@m@eh [ 0053] As shown in
Figure 4, the downlink transm ssions 440 from sector 1 404a, sector 2

404b, and sé®@M} 3 Inceescrah dhe dawnkik et eplink subdiesiss 34dn3 By @y AopFmepy

frequency c E%! |5 6 d 0
interfere V\Iltﬁt?l n‘zf gno?j% Tﬁieé%p%s%% tarlzfgdr?libmgggm Oﬂgtﬂt@: gsi%btotl)sf e
404a, sect odo@nkiddnbirame 33;72cd>\@rb B 4babl symbodd, sud the mphmm)frame 314 covers

It orfor e wilb i ARO0Ror he-FREF Dt do el PERERGY 2 BHiowoR Sab e - 4

thus preveningalsoedueathérdudtion s GHach i B fieidRReenfiddespayer, as shown
in Figure 4, each sector 404 only operates on one-third of the

overal | systggmbandujgtb. shb W9 ot b dalfic BERmIQMN thn@ind G4 mcrcbsba&@ 0a¢te.,

that is being devel oped and targeted for International

Tel ecomruni éeaterond04a) sarior AP4hcand, seeipr 21404e Wlﬂlefrmﬁtlcygéw@r(ﬁtthféﬁ In this

2 g)r/rggg i {):\/g %Q%gplf’EE%OQ? 14 éggﬂ (%“—p%r%?ﬁe ;3 %D?rgadeﬁﬁﬁg%gﬁg lgm shoul gDownlmk

i nt er oper at eramdrtibsidrisBEO 88X citm fanpeslyahhichehBl 40kagh schedotméink sutifiarmeein2 e
of | EEE 802.

| EEE 8Q2.16e utilizes CEDVA for the i nk and .
uplink. | EEEH(SG@%HPWSWM# arg Sentnf fieapeagy ﬁ&a%hgﬁe%é% tf?e uplink
OFDVA,  SC- Flgh#franteMA, ﬁ%s%ssﬁia%}e &ht @aﬂﬁe@&ﬂ@y BRhhay F9f406b and F3 406¢
mul ti pl exi n% schenes (e.g., OFDVA and CDMVA) for each of the downlink

?

and upl i nk. 10@551]%?111&'&@6%&%@1 vEotay & Hedar Sseern 2 di04k lopstates onafreruancy
air interf a%gﬁéﬁ % ?0%‘5%% rﬁ%k]tg@mﬁﬁgﬁlsa Ooirgééxﬁ%g%gﬁ‘éncy'cﬂéxﬁ { £ So6b

(e.qg., |EEE e concurren
structure t hathet dxkeﬂmkdsnbﬁﬁmgeum‘ attch&plbﬂ{t m-mnmrohmmnﬁraw saft onhhigcquenty

air interfac e sible |Ie | I'y inpacting the perfornmance
ot the ol d- SriRnEs Rkl thE gt SoemadTt <Ko ER Rl Oin e el G DR
ai r interfagrRmnbBY¥10R)6h 88 WENRYC Bbrvths HERNITAK &d W1Rkafl sédidM 460 e 3
downlink and may be tine division nultiplexed (TDM for the uplink.

[ 0056] Fi gur é04 anreaies en &é@uegw effangelfi3addes d@\u@mrtéﬂnmmpwaﬂ4os@m@mtt@

two air int

bandw dt h rrg{ﬁ/:alge%%ar t%lIl %anzleoﬁ i nt g%? r egﬁgﬁgé%an%gpﬁﬁ?ﬁgﬁ@mﬁma?z

frequency barecseAt &dfaquancy thangelidiic40doan thBuBikdbubRarhe ety eNo trabanidsituba
are sent on frequency channels F1 406a and F2 406b for the downlink or uplink in
sector 3 404c.




12 [00571For the downlink, frequency band A 544a may be used for |EEE
802. 16e transm ssions 540a and frequency band B 544b may be used for
| EEE 802. 16m transm ssi ons 540b during the downlink subframe 512.

| EEE 802. %8 24R#B82. 16m are thus frequency divisi on mBGH2e880878h

two frequency bands A 544a and B 544b, rellspecti vely, during the
downl i nk subfranme 512. [0058] For the uplli nk, frequency band A 544a
may be used for | EEE 802. 16e transm ssions 542a and frequency band B

544b may be [9dbed Arushong inifHgurp di tevdawniols rgesmgssiqns ¢t o kectag df 404me
514. Both frequen 4 4 e .

802. 16m tr arslgm ssfg%‘r?g a@ﬁ%%ééﬁrftﬁéqﬁkﬁsﬁgt ?ﬂn@g?e\rfrgffe]%ﬁ%&gpgépﬁlﬁp e
subfrane 514hannERE 18082, ¥ael0ahdn@bB2 40@mnd timistdoust intarferalwith sncoanother. The
mul tiplexed in.two tinme i rval s 46a an 46h, re ctively,
Gur | ng + ne. HBEERsTPRon B Engte o hadliertit e B iorse SRl sen
design of nmapphig diEEEnB62qkaecy ahshnBR2F1LAURL, OFF uesh! @RE Y3 041%d Sand4do abd
tinme intervals 546. I n anot her desi time interval X 546a may be

. n,
used for | EERelgp .V@éh?ﬂ%ﬂ’éptﬁfneﬂﬂ%?fg’fev&l frequsprybrepsy obd rde tus preverper
802. 16e. _Thi,gy,desaileh65 HhdrforiRe UBloalicr! KABSTHSS 145 T O LR
802. 16e subsitlrugger&;bfgtgllsons occur ?!long rf’easraﬂltﬁ\g)él end of ’t%gﬁ%r arrémg(?gfy
whi ch woul doperates i bug-third ofl thewoverall B8 O2ndisidthsyst em | EEE 802. 16e
and 802.16m nay al so be mapped to tine and frequency based on ot her
desi gns. [ O0Q@ZH] n JEBErEAR,16firiequenay ibarfas that5ddn@deleBpbd dinl tamgted doh

cover any fraction of syst em bandw dt h one desi gn that
cuppor i1 ERtegsImBMepTn T PEcTme et dI e b ap i
of 30 Mz i geRadiidnt b&RE 1BMChodAtIEEECSHeIHRY 1D MRt AdRfhBd ROV BackWrard
MHz and frequency band B 544b covers 20 MHz. I n another design that

support s | EEEmpgble wEh UEER 8074 §eie Regharmpise IRFE §02. bors phowdninserapiatd tvrith
of 15 Mz | ?%@%g%‘i %Oﬂﬁ%h&ﬂﬁ Rot §3adk HRPLEABINaREBHTHE PSR (ROYEES 352, M&

and frequenc
utilizes OFDMA for the downlink and uplink. IEEE 802.16m may utilize any
multiplexing scheme (e.g., OFDMA, SC-FDMA, CDMA, TDMA or FDMA) or any
combination of multiplexing schemes (¢.g., OFDMA and CDMA) for each of the

downlink and uplink.

[0055] In accordance with the present disclosure, a new air interface (c.g., IEEE
802.16m) and an old/legacy air interface (e.g., IEEE 802.16¢) may be concurrently
supported using a frame structure that takes advantage of the better performance of the
new air interface when possible while minimally impacting the performance of the old
air interface. For this frame structure, the new and old air interfaces may be frequency
division multiplexed (FDM) for the downlink and may be time division multiplexed
(TDM) for the uplink.

[0056] Figure 5 shows a design of a frame structure 500 that supports two air
interfaces, e.g., IEEE 802.16e and 802.16m. The system bandwidth may be partitioned
into two frequency bands 544, shown as frequency band A 544a and frequency band B
544b. A frequency band 544 may also be referred to as a frequency segment, a
frequency range, a frequency channel, etc. A frame 508 may also be partitioned into a
downlink subframe 512 and an uplink subframe 514. The uplink subframe 514 may be
further partitioned into two time intervals 546, shown as time interval X 546a and time

interval Y 546b. A time interval 546 may also be referred to as a time slot, a slot, etc.



544b covers 10 MHz. In another design that supports | EEE 802.16e with
frequency reuse of 2, a system bandw dth of 20 MHz is partitioned
such that frequency band A 544a covers 10 MHz and frequency band B
544b coveﬁ@of%”WﬁE}’Frequency bands A 544a and B 544b nRI/EI20008% 0%
ot her fractions of the system bandw dth 3nd may support ot her
frequency reuse factors. [0061]1n general®, the downlink and uplink
subfranmes 512, 514 may cover any fraction of a franme 508. In one

desi gn, a f (¢l 509?05%%@%?111@@1%@%@%4 At Hdadgeaanbs rfedsiah ERRS802 160
covers 26 ORDM.si I t i r

sy\r/rbolss, tinme |n?11¥sg%a§4% %@6%&?&Fﬁzﬂgél$n 423}-@#2@%1?%3%%5 6m
OFDM synbol sransmiesionsrid0b dieng tie dywbdBbsubfrainb & 12pIEEK 8@Uferaad 805 16m are

covers 5 OFDM synbol s. .This design esult in the uplink far

802 16e haviiit ERBPRY: ARy TRt Gaton, i Fiste payisaR SEk: f1dnB a0
t he exanpl e répedtiyblyd@siigithedowpkeubfeimdsigure 3. Hence, the Iink
budget on the uplink for |EEE 802.16e may not be affected by the use
of the franmpgs[ uctrr 8hd ABlink NBedfub@FELREBA 438 AYVBE 3K FHPIREETR0D 160
the uplink subfrane 514, and the X and Y tinme intervals 546a, 546b
may al so hatensupsensfdtaend fisquenpe benddd S4¢h o1y beayusrd driag tisneviatervad X
that do not , .'ﬁﬁﬁELC vial e (o) ngn@c
val ues thatsﬁgiggﬁ%n §H%§nan1é%.¥§ %@ﬁé&ﬁa%ggEgagdAﬁﬁg%%%%Béﬁ4ghe ¢
downl i nk andsadpfor BKJE 8DD0OGA]tAansyijssiond S4Pbpduoyipeinic imeevedi 46bosf th&Eink
802. 16e may with a ndwi of 30 MHz and.frequen euse
of 3. on' he A ik, TS0 BE b e Ritisan i paKel Rnee
of | EEE 802 ikfRentBmise s&atdnafasda dspuatdyvdl e anaig et ipSe tidtrad 504 ghput
may be achieved for both frequency reuse of 1 and Prequency reuse of
3. On the upjgsok. qeARELERReRS FYbAIAORSIA NP MPRL TERE 308160 hPERE 6 1o
| EEE 802. 16e nay be poor with frequency reuse of 1 since there is no
i nt er f er enc &caeanay) dawdst 54400 aBReTIntervaln /€. sty uother deSQ0 tishpointerval X 546a
Figure 5 expl.oits. the i-ndin t.o | 0) i.lization of .t

avai l abl e s@‘sd eﬁrﬁ Bbﬁﬁdfﬁ?gtgﬁﬁvéqzﬂgbﬁa%%ttgén?Hr%%wégggg é%krrfl‘@? k%rll%eec{ ?‘gr EE
| EEE 802. 16802.F6s. Ths dteignl denlts inhgilinka tseahisionssfromdi IBEE0$02y1 68 Guddzibef
the 30 MHz system bandwi dth for, | EEE 802, 16e with frequency reuse of
3, the renafRioRy SRS nsqf_ﬂewds%fgle s S TR BRI B0 PN FEEE
802. 16m Fr gm i fe spesmpepiiy 800f1 64 BRE #326h08nayt Mo SRCHAPpARY ARREINE
interference conparable to that of a systen1MAgh frequency reuse of 1
and may sti feqiracabsed po olehdesigmsgood performance for | EEE 802. 16e

for the downlink However, sector throughput and bandwi dth utilization
may bot h bel[006P} ovdu gémaralt frequdnmnbandk Aldjda sidig StHemeay radhrviong 289 filvktion

for | EEE 802,.16m | 0064].0n,.1the uplink, |.EEE 802.16 02..16m ma

be mul tipl e?géwi Ws{eﬂlegatrild%dt@'oﬁﬁioﬁe 351831‘{3?1511[3%]5?%0&2}&ﬁ-@gEfg@gége WM%%Xge
achi eved f okeubERE3 80 3ystdre bandvwitth dfi 3oEMiHzL e hritikioneAGR tindt fichRendf btk A
subfranme 514. This rrﬁ%Mthen preserve the gerfor mance of | EEE 802. 16e.

| EEE 802. 16Af4fSPVEE Hedg fresusncshand B atqbseoyersoldy Mk 1 19ranaiheedssiann
frequency rqusguRbrd IEFEREL16d HRh BRbichSy RT3, VSRR RABNIALM R

be used

is partitioned such that frequency band A 544a covers 5 MHz and frequency band B
544b covers 10 MHz. In another design that supports IEEE 802.16¢ with frequency
reuse of 2, a system bandwidth of 20 MHz is partitioned such that frequency band A
544a covers 10 MHz and frequency band B 544b covers 10 MHz. Frequency bands A
544a and B 544b may also cover other fractions of the system bandwidth and may

support other frequency reuse factors,

[0061] In general, the downlink and uplink subframes 512, 514 may cover any
fraction of a frame 508. In one design, a frame 508 spans 47 OFDM symbols, the
downlink subframe 512 covers 26 OFDM symbols, the uplink subframe 514 covers 21



WO 2009/ 067389PCT/ US2008/ 083703 14 for | EEE 802. 16m during tinme
interval Y 546b of the uplink subfrane 514. [0065]Figure 6 shows an
exanpl e transm ssion tineline for three sectors 604 (i.e., sector 1
604a, sectVP286%E’ and sector 3 604c) which support HSTTHUS2fHEEH83703
802. 16e and 802.16mw th the franme structure 500 shown in Figure 5.
In this exanple, sector 1 604a operates on frequency channel Fl 606a
for | EEE 802. 16e. Downlink transm ssions 540a for | EEE 802. 16e are
sent on fre&idRdysyeRglindmepntenabX p4pat ofcthe yknk subfiamst yl4raovers 16 QRaM
uplink transp.sSk 0 : E 0, e far NgY,
channel Fl % 6galé’n£ht%i ?reﬂ‘%?lr?geg{r;a\}a&%6§4%faﬁ§f uﬁng %%F%%E%sléb%ﬁ‘e% IZLDM
Downl i nk t r ayrsilssiThissle§gd maf gesult BEEe8QLink Gon IEEE 808 6e bavifig epperioytely

h | s F2 .,606h d,E3 606cC.in th | i bf 5 d | i pk
Cr ann ssi bl g ey Ead ylpBend i RSl B R FRRE oyt B gthey
channel s Fl HeA6a theHhkARB st otk pdink GEAEER 802 116 may a6t affécted 69 tRfusé e

uplink subfrane 514. No transm ssions are sent on frequency channel s
F2 606b andtE3frapecstvaueg fB0.i nther frame 08481 downlig eHbiierr Sifbfthe ypknk

514. [0066 6 :
[ ] Setle A 408H0LOREMANCEMO ﬂlt%rﬁ%%@?%‘r} 5’?6%@?@81%%0 e @%@pdﬁrﬁlﬁotns.

| EEE 802. 16e. Downl i nk transm ssions . 16e are sen
on fr equencyhesgaturaionstag 6 lstatin vaines tiotwin nailchanghf seamwstabit aluanthatghlangrk

transm ssio 42a f I EEE 802 16e are sent .on,frequency channel FE2
5060 1 n ¢ naorRar dureesioSyms® Bt PRE Biske AR BTG R sl AR en o
transm ssi odewbkkarid@plihlBEE 802. 16m are sent on frequency channels Fl
606a and F3 606c in the downlink subframe 512, and uplink

transni ssi opmeaf2b A eypitdtEepRYhedOibeadt SENEEMNSEY | 6et ﬁag%efwwue@@ﬁém
channel s FI 606a, F2 606b and F3 606¢c in tine interval 546b of 't he

upl i nk subf Pgifvidthgof N Mrm spd SfEqasereyarass @t 3. onOn r g udavayinkh semputer
| Y NG Trans f .
FI - 6062 and 31 808¢ shgxzt 'ﬂhgietﬂenga@f?o\fﬂllan%r 3fPReL 30bNGe UrHJIQ‘ F}g %H@%&@%‘Eand

514. [0067] Sector 3 604c operates on equency channe
| EEE 802. 16ecasdabiel sasiortthamghpus shagn be Stbmvédofor| EEE B@derb§ereasee of dndnd

on frequency _channel F3.606¢c in the downlink subfrane 512,  and _uplink
r ansi oo oNE RSN Fuss of EefiuhS upibk. SPEPuenYmal Aol Ctur s AR
606¢c in timef iEEEB@CﬁlGe%m%ﬁég@&ﬁr Wte frePlenBK reasdbf BeRcSddre DAWhicHkrence
transm ssions 540b for | EEE 802. 16m are sent on frequency channels Fl

606a and F2UBOBMCAL-t he downl i nk subframe 512, and uplink

transm ssions 542b for | EEE 802. 16m are sent on all three fregue_ncy
channel s FI [¥§8h, Ahedosts stastire30@eevn in Fighe § srelpiiathe\abeys fndings tee

upl i nk subf s transm Ssik fr e nn

o B06a and EI0KD aliiAR CENAR 2R0A08 8kGat Whapll AN ERAD e
15 514. [ 0068fcmasteoim IERE B0Zjiee Hor thichdovehbdink) wirda o seatos is smigamy BYBIHz
from each segt.or are sent on..all. three frequency channels Fl

606a, F2 608§§hea?19§%§z BOEE ¢ ané)wﬂfa“o%% IEE?tW-@%%ﬂgﬁﬁﬂ&en@haﬂlﬁsﬁm dhen
utilizati onenkdigin®e0 MHULBNGE spiierth Benddauml hdikod REd FEFEEB382.168. MRom b
acceptable with f_requerﬁ%é%réeuse of 1. However, the uplink

transm ssi oRESELHEE ¢lolE Igeothe sectormayepiseie intglrence sempypble tethabof

and sect or S?E.Qe;fﬁ ﬁ@gﬁ%@%%cygﬁgge OL oy fl 1?1%,? é’c??f)e fnig %uﬁéﬁ?é(fe GRaR Eﬁjgdr?'r.n%ﬁ?e

606a, F2 606b 0 not ere w th one~“ano
frequency r éusEERH 882.41é&y fensur doadodpt dhivwevie rseaomenoestbor ahd datglitdhk

for | EEE 802,.16e. The upljnk transm ssions.542b for | EEE 802. [
each Sect or CEARTA A8 B SR P S KB A ) v P P TR S e o
606b, and FBEENSG> 1@m. nprove sector throughput and bandw dth
utilization.

[0064] On the uplink, IEEE 802.16¢ and 802.16m may be multiplexed in the time

domain so that frequency reuse of 3 can be achieved for IEEE 802.16e during time
interval X 546a of the uplink subframe 514. This may then preserve the performance of
IEEE 802.16e. IEEE 802.16m may be designed to provide satisfactory performance

with frequency reuse of 1. Hence, the entire 30 MHz system bandwidth may be used



[0069] In the design shown in Figure 6, frequency reuse of 3 is
enployed for tinme interval X 546a of the uplink subframe 514. In
anot her design, fractional reuse may be enployed for tine interval X
546a. For QQgPPBfoéfss%ector 1 604a may al |l ow uplink trandfRTEE2R08HAD
for | EEE 802.16m from subscri ber stati ogﬁ1 that are unlikely to cause
excessive interference to adjacent sector's 2 604b and 3 604c.

[0070] Figure 6_shows a design in which the frame_ structure 500 of
Figure 5 is QfdEHERYE-1amidugng Emeyntevake Soeb of the pplgkseblzgme e frane
structure 500 of Figure 5 may be used for any frequency reuse factor
greater thah0®ak (digure 6zhows apexample fraymisimdinRlaie dorsthedssagions 04 (ic.,
Figures 5 a pPL.QVi rj _ I hRK.
per f or mance@‘%)jcl‘I (g}l lg@éaB cg%iggoﬁg’ydngleééﬁglgés/ ggﬁgﬁ’%"y}‘ Sﬁgﬁﬁ{t g?t% F%E? p%'%"e?l%jy
reuse of 3 $62.4¢mivwdthahe frame rirmeure 0@ sHosmein FégurSe chintlis ekérepldmantor hk04a

performance of | EEE 802. 16e na [ be satisf ory W th frequenc

Feuse of 1. CRPFS OF NGB FOMA o CUfRaRENEEE WAy She habialin dgagysmos
supporting kkiEo8HEE S0, Vctdie {nEeRER¥NELMSENDF] b06d ROHd Al Rk shtTime
briefly to the cells 102 shown in Figure 1 may be referred

Figure 1, | |
to as nacr oééﬁl@d vpbuk tranyassione PF2a1iop [FRE R02% Mejarp sat oty frgayeary chapaghF |
| ar ge cover areg, . e . . a i EMS,
At el ese. Gage R infrts X 8a bBRPARL s8R Do hi AFLRERLAT IR
whi ch may béordBBEIS02 S 6inatrestnt av beqgecyacheasclsw H0Gh amd d3dO6¢ irsthd A@wnlink

femocell 140 4s a_gcell having a rel atiyel LI erage area. . For
exampl o, a FOHETETE kALY CesiriSislha s TERE sePey Al Reor ik
802. 16e andfiefuchty ch@ntivFl BO6, 82 BOGE and@R3 86dd if BmeanteRAPY 5861 of thB uplink
general, fenmtaocells 140 may be | ocated an¥where wi thin_macrocel | s
102. One fefttfagie S1fadNe Gaispuspiens qromegueiieayensy shapnls FA©OPShapdhby 8§4on
accordance VY £he Rt N6¢F 5@@gqqﬁe®ﬁinkg%f&%%qu di scl osure, fentocells
140 may be supported using the frame structure 500 shown in Figure 5.
In particul he [ f e f r I 2
may be freqzdeﬁr?gt/_ disgﬁgfgn%Io@%ﬁ#egxogdﬁ%géjeg%nﬁﬁgégﬁbﬁgflgf‘ﬁt%102'ljég'
fentocel | s Dé@nkinid tramserisseels 15404 B2 TEEY 302 164 are selitwh Siequenty icharmkER2E06b
[ 0074] Ref er &NGe obSmA.TBISe 502, FhaUb Gk anbinfilofs Ju0ReR #1560 hetln®

on frequency channel F2 606b in time interval X 546a of the uplink subframe 514.

Downlink transmissions 540b for IEEE 802.16m are sent on frequency channels F1
606a and F3 606¢ in the downlink subframe 512, and uplink transmissions 542b for
IEEE 802.16m are sent on all three frequency channels F1 606a, F2 606b and F3 606¢
in time interval Y 546b of the uplink subframe 514. No transmissions are sent on
frequency channels F1 606a and F3 606¢ in time interval X 546a of the uplink subframe
514.

[0067] Sector 3 604c operates on frequency channel F3 606¢ for IEEE 802.16¢.
Downlink transmissions 540a for IEEE 802.16e are sent on frequency channel F3 606c
in the downlink subframe 512, and uplink transmissions 542a for IEEE 802.16¢ are sent
on frequency channel F3 606¢ in time interval X 546a of the uplink subframe 514,
Downlink transmissions 540b for IEEE 802.16m are sent on frequency channels F1
606a and F2 606b in the downlink subframe 512, and uplink transmissions 542b for
IEEE 802.16m are sent on all three frequency channels F1 606a, F2 606b, and F3 606¢
in time interval Y 546b of the uplink subframe 514. No transmissions are sent on

frequency channels F1 606a and F2 606b in time interval X 546a of the uplink subframe



structure 700 that supports fentocells and macrocells. The system
bandw dth may be partitioned into two frequency bands 744, shown as
frequency band A 744a and frequency band B 744b. A frane 708 may al so
be partiti¥RS¥E3E% a downl i nk subfrant 712 and an upl i B/ EIR43/08FES
714. The uplink subframe 714 nmay be further partitioned into two tine
intervals 746, shown as tine interval X 1246 and tine interval Y 746b.
[ 0075] For the downlink, frequency band A 744a may be used for
macrocel | t Patsni ssi ons 740a and frequency band B 744b nay be used
for fentocell transm ssions 740b during the downlink subframe 712.

The macrocellP068hd tAeshoamtinEigite Grtbe dowrlink teageraissignsdb4pi fsdnp gach sector 604
mul ti pl exed 744b e

the. down i nit® ot STAR e IARMEN) FAATIERE Bl KooorbRRCR) o88L oyinilove
macrocel | t mwmmtmmghmﬂ MZlaandwrdtmgmhzathm nTl&r pa’forbﬁaﬂe’bw the ctdmlmk for

uplink subfra 714, Both fre ue cy bha sA744aadB 4b ma .
(e for T elEBE S0P 16r dirnbs aFoREOsHE SRR P 9 ok orHtrevs 2Bk
the uplink s(bihiadBns 5h4a ok TBEAROL 2681 seatefshrsb@a k&b ﬁfdese&ttm 604c
time division nultiplexed in tinme intervals X 746a and Y 7

respecti vel yre ssit emérenfiffiient fregreprekaguelndy G06use @16bomii Frﬁﬁot‘iyeanglgtn
for the dOW[[]l { nr!ﬁelff&g \;/ﬁ'l? g@ e{n%fh%“ ﬁnﬂc:(ilﬂﬁ J%‘{}SQC&I § %y‘p < racceptable
subscri ber ations serve & macrocel | may experi enc requé’

reuse of ongexfmﬁahee fbo wirel uphhkcﬁwﬂl\]ﬁEm.lﬁheyhamﬂmm ttdnsmlsmhm mbefbraWE

area of so d not .neces all) f ocells and ma peri enc
Frequency r 8053858 Stobreiin fPe Sentioa lcgr TRl ORUR | AgDe LGt
Frequency reu$e3 gﬂ&ﬁb%Fﬁobéﬁthﬁ%G@g@ut arldYa 8@V idiRMilRSidased for the
uplink for the nacrocel and frequency reuse of one nay be used for

the uplink figgeof he Ifl@l'f@ %?énl showd In FRAKE, |ff‘bq9§&?rr@ﬁsc of R8s BRGI9EL Hr tﬁ&d

t he femocell may utilize the sane or dif air interfacés, and
each cel | méyenvel XiS4ee efrihe splinkatybfamp 514 ninemptherdesign, frn«élodelgﬁgm mayhlee
macr ocel | irze E 1 and t utiliize | EEE
802. 16m For}ﬁ&}é&h £ t“!n Wélgg?(lg&a Eorbg’%ﬁ?z%/lsrgr%:&nh maly allodv upll

f ent ocel | saramnmesuwtsénmb ErEEBD 8016@néﬂoﬁr&aﬂiycre»&t Sittons ﬂm hd tuﬁll.ldﬂﬁ toddause
the frane structure?Osho in Fi rgé %Jg tch the frane
structure SEESHEWHGITRFGEr Jaﬁentls B g $00Ccri ber stations
outside the coverage of the femocell would not see a reduction of

frequency r&¥581 f acii®ire frbirs? desien bavhichehe Sape stwctam 580 gkigyre Trgysed
mnimal |y i mpacke RRRJONUERE R8T TRLERAACHE HamkEifcdlZ0h e F Péstm E used
stations outside C{ﬁhe covgr age o?%ﬁ Pemaglge ) urther% 3 er élse
may be a soffer adg deadacy ousé o8 PRattGhas alserd. (P8 B, &tt.at | ons W|th| n the
coverage of the fenmtocell. [0078] Figure 8 shows a design of a nethod
800 for con'n[m]’i'lll:at iThe desigac clrvdanc Eigurdéshs tahé ﬁpmagqmvxdﬁ salics urdeantages.

First and second, air,.i,nt erfaces e equency .di vi s [ ti Iexed
(Fony 812 (Lo bl sEafincs CETREE Meiich n dab el B B e
in a downl i 1§dzhb§r iR of 3atd hasiB. orlAnifdiZeS intéRder8COBECoAH, the downlink
interfaces may be tine_division multiplexed (TDM 814 (e.g., in first

and second PPiemaRcepAFEE J02dfecran ety pe ontidpcteny| Witk feeapmermsust oft he
frane. [007311 ‘?m}éﬁ &&th} g eél.‘{trrﬁ @éfea &BGJHSI% Eé%s Fhs wit

802. 16e econ arr st anda
| at er than tfrEEEan)mu&eﬁdl( e. g., | EEE 802 16r’r). The first and second
air interfaces may al so be other air interfaces. [0080]In one design,
only the fi [8072f r eQuertiyg Ihainfly 5d Adgurayl, e wtild i162@hdvari i MRgdré riSinay be

referred to as macrocells 102. A macrocell 102 is a cell having a relatively large

TH

f=

coverage arca, ¢.g., on the order of several kilometers radius. A wireless
communication system 100 may also support femtocells 140, which may be small
isolated coverage areas within macrocells 102, A femtocell 140 is a cell having a

relatively small coverage area. For example, a femtocell 140 may correspond to a



air interface during the first time interval (e.g., time interval X
546a) of the uplink subframe 514. Both the first frequency band 544a
and the second frequency band 544b may be utilized for the second air
i nterface WARYRYSPAL second time interval (e.g., tinme iBCHEISFHIB/083703
546b) of the uplink subframe 514. [0081] The first frequency band 544a
may correspond to frequency channel Fl d86a for sector 1 604a,
frequency channel F2 606b for sector 2 604b, or frequency channel F3

606¢c for sederipymensol dEER 8§ ifie andfr Sphdomarigin 2 hpwguaneificn andopmp In
b | f :
G05b Tor _oeEiepH reARaEVACRNPhe ok RAY o IR kR olalR) %R, BRE impoch

sector 3 60440 isshéwvgur Bigere {Theillsgoiod. f r equency band 544b may al so be
non- conti guous and may cover frequency channels FI 606a and F3 606¢C
for sector P0G684b iln aBdogdemee Grith ahB8thEOLP2Gtlaf tingrechas Higelpsure, efemecelys 140
reuse of one be utilized far the downlink for the first and
Cecond ai r P dFragegieeyisE n Bprmp ductin Warbev i hiegres( B gifculsy g
may be util ggealifotort bR ERltbarks F1Ian &dE nfakfostilsail 02 iy bE Auerdddivision
frequency reuse of one may be utilized for the uplink for the second
ai r i nt er f agwltiglgodayhaieasibe wlakdoothe fentpeplis d 48 anbmesroprdld 18D oy badijne
be perforned: various. hardware and/ or sof tware conponent (s) and/or
nodul e('s) cg?§%§53@§§ﬁ§c¥o t he neanspl us-function bl ocks 900
illustratedg ig I her r ogks 812 thr h 81
11 ust r at ed (4R 5uleBergs f pBY 8hae"BMRs s “FEIT St S4¥ebEts foms
t hr ough 914strddturs t70attled sippobts dertiwcAls dn@@fdldeelds)r Bhel OyseRoendwvidik Shaybe
of a nethod 1000‘%¢rforne g@@ station for comunication_in

e

d.b b
accor dance WHHOH MR é%’%n‘clre%‘f:'gc@l b AR Fhovet agdsapsner bandnenfAde W

nmay be sent pl@ldcPPard B 744 A HERAHI0S ¥nabaRM bl Raditid NhioKdowHithk aiiragfc
a frame. Afirst uplink transm ssion nay be received 1014 on the

f :c r s':] f ][ equéht ynchamupling sabfrime 714 e wplinrsubfranos 7h4qma1o:}>§e dkethen bar_tiazlmed
Cr ansni s, o edS ik friéralS MY, v AREL BRI ARl Wnciibp B DMGRC)
The fi bl m i ltiplexed with

second ai r 17Tt acgf (B FB¥nltiet GRSROEHT K 18" ot MEERE Hagossd

time divisi gansmlbsidngl7adeshdtdqeidydas®Bomdb aiak bk ikl fhAafentedell tlABsmissions
uplink. A second downlink transm ssion may be sent 1016 gn a second
frequency baAMP fimehBe AoWRinR RuUAG Alde. Thc dececall apd itha famtagednarg dhusn
may be recei i | n j
F¥GEEndPdBisih thilBpikkdaSdn %ﬂelﬁ%ﬂ&% A F]@%ﬁ@’éﬁﬁb&%ﬁcﬁ&éﬁ on

second time interval of the uplink subffame. The secon

t ransmi ssi otheagmivitling. sBayothd upbhk.nkedueagys hansls Aot deayasube lusede farhmacrocell
second air | face. 0 . one, desi fr ency .reuse of

be used for {r?[ﬁ%{lgc%bn I7i4ng dgglrlé '? e 1‘niterr‘smfQl %27 6% ggﬁ%u ]%{I?'k ?%?@F‘Fa@é’s .nﬁﬁle

L ir s][ R rk equaﬂq:.ye_nbﬁ_rnahdgaab Taga Wb ® PI4tamal aba&!'se@!ﬁﬁ f@ﬂi%t@%ﬂ ﬂi;nﬁﬁi@:ii@ﬁsh‘f@b
ownl i nk transm ssi on ba on the second air interface during the
downl i nk suBfRETEMS &er\éﬂiﬁgﬁé_ﬁ? rogcfﬂ%ﬁ‘@ nl sheframs, 7 b Lﬂ@dmwogq% prs e
one adj acenten$6&diOref1Bhis AWM iVilion LhARSIBIS ICAmP 33EH aBNX 1728a fdnli ST 73bH,
interface during the downlink subfrane. I'n one design, frequency
reuse great gspachzelyomethe wplink, three) may be used for the uplink for

the first air interface. No adjacent sector nay use the first
frequency bHWA6K or Fupluemdy rensand whs siap e ased fog thehdowinlinls fortthenma¢meadlr andl

of the uplipk subfr | n one design,. freque reuse of one may. be
et Tor Pt h R Govdhed BuRE: Siop SYRDEY tlericradl, S gFttien
ad{ acEnt S et QienBPHeustS S’ dn@nfthd Sdwidind caBCORG théLadeAtn MaReEerdRrarea of
uplin

some (and not necessary all) femtocells and may experience frequency reuse greater
than one outside of the femtocell coverage. Frequency reuse greater than one (¢.g.,
three) may be used for the uplink for the macrocell, and frequency reuse of one may be

used for the uplink for the femtocell.



WO 2009/ 067389PCT/ US2008/ 083703 19 transm ssi on based on the second
air interface during the second tine interval of the uplink subfrane.
[ 0086] The net hod 1000 of Figure 10 descri bed above nmay be perforned
by vari ousVRPH{RETE and/ or sof t ware conponent (s) and/orPQ?b‘gqﬁ‘@(ﬂ§37°3
correspondi ng to the neans-plus-functi on1 bl ocks 1100 illustrated in
Figure 11. In other words, blocks 1012 tﬁrough 1018 illustrated in
Figure 10 correspond to neans-plus-function bl ocks 1112 through 1118
i | Tustrat ed[Q077E gdpgeneral, fhoogrracel apd the Jetosols may ykzehe sgmondiffprsat
1200 perfor S ri j ; i I.0N 1l :
accor dance oy tRoyAgsoHREGEN OEH ol TIOD kb EOITHRRRH:EC 4 Bue design, e
be recei vedn2ibelbmay utiliesIEHE 8uBrend Henfdmtove B nohgvutilize kKESLIBOZ. Bine  B6r

a franme. An _uplin 1.SSi on,.m e sent 121 n . the first
roqnorey D skB SRR T Y ot R sl b Terictivie 1EE
frame. The doxvméd alleally atisl ESthdcaign, thd Bamp biriteurt 700 SHHwaSin Figui®Y would
utilize a first air_ interface. The first air interface m

rst, y be .
frequency dimatedi Ba fime stpcane d0GshavninsBignied- al REE $024 fe sbserber [iiations
downl i nk, a i i Mo Sd i € i i
interface oggttsﬁgm&%?ﬁéﬁ@[ %Io%g]%lelﬂfbggg l“{flggil gc}r(lt Qf: \#e;eP}l%tg);ﬁ %?%%%rtl r eg%ee
may be | EEEf86%2. i@e,3 tnd ¢rhéresdyoriakai This nesgd avy meymbldy ifgHet handover

802. 16m I n_anot her desi first air.interface may be

202, 16m  anadrnangis QF B pod Ieabblcbbeidioplbituld ARl or diisayornll
met hod 1200 Fafthdringts); ehetm@e 56 b isbe de@banion T@y800€ 69 susoribeR dtalynswaihin e
har dwar e and/ or software conponent(s) and/or nodul e(s) correspondi ng
to the nmean§oyrags-of thedeminselhl ocks 1300 illustrated in Figure 13. In
ot her words, bl ocks 1212 through 1214 illustrated in Figure 12
correspond {¥78bandigire §-Sh9‘f'i&ﬁi%éﬁ81bp%% rigthpd B0 o ougpumaHign in accordance

i 11 ustratedj;f i ﬁ}é&&n Mo 2O @ %’6&;&06‘7{}1 AP Sa@gﬁ@é# go ﬁ%@éﬂ?ﬂfﬂﬁﬂ%

1400 for supporting conmuni cation nmacr oce ento s in
accor dance witipléxded (FPdHI2 (@igs ainoBust end secamivibquekcst bamlsniesgciovelyjey a

be sent 1412 for ,a fLrst cel.l th i.s frequency division nmultiplexed

W th . secofElpsubEge ab . 1Lefry AETGTGAT PitlSesRex 1 SR uson

transni ssi ofuyeRe (TN ¥ed (gl fink ahdGedond &ﬁn&ﬁﬂtéwélﬂ%sﬂeﬁti\teilﬂﬁ%f an
(0]

division nmultiplexed with the second cell in an uplink subframe
the franme. Yhdksupgpmeafithed@asd cel |s may be frequency division

mul tiplexed on first and second frequency bands, respectively, during
t he downl i nk0058bf r dpene desient thedirstairdniseacsrvrycks IEEEFEY. 168 and #he second air

di vision m'lllr}tér?clchlggy ib@ ad rIE}EEaM.I(S standard later than IEEE 802.16¢ (c.g., IEEE

802.16m). The first and second air interfaces may also be other air interfaces.

[0080] In one design, only the first frequency band 544a may be utilized for the first
air interface during the first time interval (e.g., time interval X 546a) of the uplink
subframe 514. Both the first frequency band 544a and the second frequency band 544b
may be utilized for the second air interface during the second time interval (e.g., time

interval Y 546b) of the uplink subframe 514.

[0081] The first frequency band 544a may correspond to frequency channel F1 606a
for sector 1 604a, frequency channel F2 606b for sector 2 604b, or frequency channel
F3 606¢c for sector 3 604c in Figure 6. The second frequency band 544b may be
contiguous and may cover frequency channels F2 606b and F3 606b for sector 1 604a or
frequency channels F1 606a and F2 606b for sector 3 604c in Figure 6. The second
frequency band 544b may also be non-contiguous and may cover frequency channels F1

606a and F3 606c¢ for sector 2 604b in Figure 6.



20 second tinme intervals, respectively, of the uplink subfrane. The
first cell may utilize only the first frequency band during the first
time interval of the uplink subframe. The second cell may utilize the
first and ¥@eWREP$equency bands during the second ti mPGIASRI0AE376Y
the uplink subfrane. The first cell may be a macrocell, and the
second cell may be a fentocell. Alternat igvely, the fi rst cell may be
a fentocell, and the second cell may be a nmacrocel|l. [0091] The net hod
1400 of Fi gl82h4 desee deseen, Alsayacyasuspef pes mey rbedltlbpedv@r itgugpwnlink for

o the meanteprtanpanapf sRFRATEL. faaiiclle M Firione i BRG M

ot her wor dsmﬂlm‘edcﬂas thl=:41i;ﬂmkl“ﬁoo¢t@hﬁfbﬂm intetfarst amd ﬁdqumcj:lregm ef bde may be
correspond to. TTE g Lﬁ fun%ltgi on EI ocks 1512 t hrough 1514

i |1 ustrat ed"JH¢ P uRlEk f95,56 59°PRE ARAULHASE i n Figures 9, 11, 13 and
15 may conpr essors ries ( e or re processors
executing i Hi@shctl Jnethos, @Eﬁlﬁgﬁr%’&]@ﬂé&‘feﬁ% Siy various

har dwar e deyiagare MliREe fssfm@ BRFRRARES a%d/dr%c&?é(s)%fr@éﬂoh&ng% fhe,m&ﬁls-
any conbi nation thereof [0093]Figure 16 shows a bl ock di agram of

desi g P oL aplyadencsiomblogks 20001 lusieicd is Hissies 9- blarother awordsnbledls, SIMlilr@hgha%lé
P Fgur o 1 1oRfer 3 38 8 2pRERof0 o Hheabf BSHARDL oS 47 At e

control prodbssaed hdligure®y receive traffic data froma data source
(not shown) and/or control information froma controller/processor

1640. The prim8essoFigd 00 BRyvsd OsasSof(2emehod EIUDaeforhétt By & B@Sé%tatlaﬂ dor
synbol map) the traffic data and caontrol information and provid
modul ati on SYABBNISAtoR i) grAcaidgRce Mith) thes JueseRy Prelswss tfe f%dé‘l"&ftﬂi“éfn

synmbol s (e. Qansnﬁ%'ioncﬁgz))wb e VA0 12bE a)ﬁr@tnﬁjed%&‘ﬁl ¥hRd ¢ Ql‘dtavnﬁfil{ Ribfrafhe of a

transmtter (TMIR) may process (e.g., convert to anal og,
anplify, fifuoee, Aaﬁnst ummdmmesm)ssmmewmdmmwcﬁnl PEt emthe desidreguency band in

downl i nk si gnal be.t m_tt 624 . .
[004] At ¢ ne TR HEEI e Ban kvl e e "R SIRG o i
dmcllml i nk si @r[’d;{hﬁ ffrEtOL[plifnheI('jahaﬁﬁsﬁﬁ aigyanilizd @ f&gtchnoi(n&efac@eesg, HER 8ONB6e).
and may proy a received sig recei ver 1654. The
Recei ver 16548 ﬁﬁweaﬁ %PWY(‘J@%@@W%&V@OH %’HBW"F‘?R‘?/ &EMEW@HWGQW
digitize) t Jm g@ﬂlfﬁﬁ)%lﬁihe%%ﬁmﬂcﬂ&ai} %E%ﬁé@ﬂvﬁf&ﬁ%ﬁﬁ Ieﬁd w1th the
denodul at or (T é process the recei ved sanpl es I(J

e

OFDM CDIVA, sasprd )uraﬁ@rﬂme@mt upléko ddu Isedoed deyndd tgan%mm@@en%'ebe(ﬁxylom
data and control 1670 [ ( 0 derra
dei nterl eaveItlalbec ng %HQI)C?S[%% egrrlt‘)3 ulrrg%llélglMgﬁ:F orsﬁt&’g‘m})1 ém JL(.jr"lcémc]ﬁg
data and coniay ok récafved ma1s mnthfed‘frsttahesa:ub@&eqMEy Bdndh 10N sek3fd time interval

of the uplink subframe. The second downlink transmission and the second uplink

transmission may utilize the second air interface.

[0085] In one design, frequency reuse of 1 may be used for the downlink for the
first and second air interfaces. The first frequency band may be used by at least one
adjacent sector for downlink transmission based on the second air interface during the
downlink subframe. The second frequency band may be used by at least one adjacent
sector for downlink transmission based on the first air interface during the downlink
subframe. In one design, frequency reuse greater than one (e.g., three) may be used for
the uplink for the first air interface. No adjacent sector may use the first frequency band
for uplink transmission during the first time interval of the uplink subframe. In one
design, frequency reuse of one may be used for the uplink for the second air interface,

At least one adjacent sector may use the first and second frequency bands for uplink



[ 0095] On the uplink, at the subscriber station 120, traffic data and
control information to be sent by the subscriber station 120 may be
processed by a TX data and control processor 1690, nodul ated by a
nmodul at or Wégﬁqw"é@ﬁ%ﬁ tioned by a transnitter 1694, and RGTARALS08EE3
via an antenna 1652. At the base station 110, the uplink signals from
t he subscriber station 120 and possibly 18t her subscriber stations may
be received by an antenna 1624, conditioned by a receiver 1630,
denodul at ed tis)smisdenbiiaf #ndhe $§9pd agnateppec dyedhy yeepnd Rnedimterva md the
control pro to recover the data and control information
sent by the%gglgg{:u}j?rg%ré station 120. In general, the processing for

upl i nk transpdessi onmimay. . S{ k| 0 i [fer fr the ,
processi ng i@rﬁﬁommh?ﬁ%c@rggnfsogbs%{ EI%.BYC[ g%?é%%%ﬁ?%? ersy p]?co cérg%r(r)nrcg by
1640 and 1688ricmyhactwaee hindiesofitiapcontpohbie(sh asdosinadilels) dotikspondinighe the
Sioes e Sy el BREES HotelnbiR i, 1R AudhS ek oz
subscri ber sﬁraﬁgwmﬂﬁmustfaeeﬁpﬁcﬁi%ml 10 coreSsoR@ Al | edand - riRYioS BRRLLUH €12
subscriber stations for downlink and/or uplink transm ssion and may
provi de assithyawsintld 8 dfusygted énfigesddr ces. [ 0097] The processors 1610,

1640, 1634, 1670, 1680 and 1690 in Figure 16 nay perform various
functions f@087he tRghailgudwwies dedigred! hemethnd 1800 pesfompideby &hsbscriber

processors 1610, .1640. 1634. at. t he se statjon 11 i npl nt the
et hod 800 Fhiet o eormtiticlion SoRB85 FhRHhE dritd o e han et
in Figure léanafisdia may berfecti®Eh O dna fifsheduendittiagd @52 d@selinkidabframe of
herein. The processors. 1670, 1680 and 169Q _at the subscriber station
120 may i npPefElt AheplimkiRBmEsoRMER bEsgtl 81 on BRdird ireguensy bard Hoddrst
for the techiiGHRE 18858 LPBKk SBHEME of HAORSh! NThD BodRANEr A8 GRS The
reference nunbers have sonetines been used I n connection with various
ternms. Wher ephik trrpantissianswdy iutilisoanfést pionntifeds. aThe fisst efrcmtarfanb eray be
this is neant to.r £ 1 ific elemgent that is, shown. in gne or
more of ¢ ne Enrk I NkRuRaRRE Wb & Sl vha Tt B e iR
this i s nmeaminetdivision afltiptsxed alithythd @coilteait @iafavd dhidetiplinkyi tation to
any particular Figure. 22 therefore, "determ ning" can include

cal cul at i ng{0088["PUtlh B d4BIRACASTirRtGir iSRFhod g bd IREEHOR Q8L i and thd seedddngr
up (e.g., looking up.in_a table, a database or_ another data

struct ur e) , HEESF MY HcdFERR@2t1fw. | Injgothey desiany the figst girintedacedpgy be IEEE
include recepyi&d 4nf 1k secdBLEl Vi cd bBiHEg: 168CCessing (e. g.,
accessing data dlﬁ% a rrerr%"?y anlé B{ﬂ%g @%ﬁe. E S0, "ﬁg'et erm ni ng" can

i ncl ude res oNJ, I L9006 NOSLIY L8 hi h i

[ 00100] The?‘t)o\r?rbgse ﬁ%a@é%bgﬂ’zogoes Ihgl'? g?%&?%giggg%nﬁggo% Beljfudﬁ ég'(sisby
expressly spatniiladivetharddrseftware ariyenen@) disd/ort thedybd(slaercijoadiag to e
descri bes both "based onl n" d."based at least on " [001 T
orm * or oceear Mg i bHorik BB BAE Al [ bt bihkn iz
pur pose progessar 1213 i8Rl inrige8SIDl dteresibnl t6 Gilehs-pl@sRrefiOP bRERS $9I7,
a digital signal processor (DSP), a controller, a mcrocontroller, a
state machi Heoughnd 14 Jlustatedin Kigererl 3sone circunst ances, a "processor”
may refer to an application specific integrated circuit (ASIC), a
pr ogr anmmabl ¢0098hi ¢ Faawe dé shewDy desagif pled dreghrod gi@bnteriupperting cammayication
(FPGA), etce. T ) r." refer,tp a conhination ,of .
br ocessi ng SEuaEIfnPRATERIRn ERE R BicBrefR AL Llowmin
M Cr opr oces satismissigy maalbt tsgntof4 101 for apfircesisthatsis fygacly divisien multiplexed

m croprocessQrs in conjunctjon with a DSP core, or any other such
confi gurati ith aﬁ%%‘zqe'ﬂmé B H‘Q%W"Ofs”‘rfﬁftﬂled B upliteiripspissign may be

broadly to eneQEPasH RPYheShSCIlIANLGs GRRRPNGH] nfBRAREE vl BE bR cell in
electronic information. The termnenory nmay refer to various types of

processor - r exdplijikesufame of thetfraaee. rEieciont and sesond weliromyy bRARuency division

multiplexed on first and second frequency bands, respectively, during the downlink

subframe. The first and second cells may be time division multiplexed in first and



[00103] The terms "instructions” and "code" should be interpreted
broadly to include any type of conputer-readable statenent(s). For
exanple, the terns "instructions" and "code" may refer to one or nore
progranms, WOaHEE8? sub-routines, functions, procedur ePCTd{52008/083703

"I nstructions” and "code" may conprise a single conputer-readabl e
statenment or many conputer-readabl e st atnents. The terns
"instructions" and "code" may be used interchangeably herein. 23

[ 00104] Thes¢ogne timsnigtematss resbeddivilyy ef Hhe rpjink sulifragice fagt pell may utilize
har dwar e, s ] 0 C i | t eof il

i npl enent edg{ﬂ%\q@%ﬁ{s\t/vgﬂs é%ganfdu(%lggg)c{)l}lesﬁ%gglﬂgEedtés}?%lrogzﬁea@%ﬂﬁgﬂ%frmmr%r%he
i nst ruct i onsecond aclt aAyuitdize nigatieshlhed seond freqidney thendn during the second time

"conput er - r eadahl di und fers_to.an vai | abl e nedjum.that ca e
notbsed by TR e b EYRE S TS G Kl ha b R stecfienl i ot el
conput er - r eafighke fREICEIMN ABYMEXRRY, itseidddil diiiMe SeRiRiMI, {da-tREDcokd cell

ot her optical disk storage, nmagnetic di sk storage or other nagnetic
storage deviw@gde agpacgasgllot her medi umthat can be used to carry or
store desired programcode in the formof instructions or data

structures 11 hatTheametbed ddegdelicy H desepedabo® sy dredpelfarmed sy
used herein,_ingcl c ctodisc (CD ser, dis tical dis
digital ver yari i e ?%)S?ft%”ﬁ%pcﬁ%l’&%‘% SRl madie X o onflingia the
di sks usual meatispinofimceordbibeksnEsg0 eliustratet yn Figotd £5. dinsetiser vepd ) dlocks taia
optically with |asers, [00105] Software or instructions nmay so be
transnitt ed TBOw ﬁf“ﬁl&ﬂ%ﬁ sitdigyre ditaarrerond de Apapesplu g glﬁ%%?@
i s transm t yggudl BT AlWABRSH tiEries@rnger, or other renote source using a
coaxi al cable, Tiber optic cable, twisted pair, digital subscriber
line (DSL), i r  §Sy1S | : ' ‘e
i crovave [REalt ha oS MTEREs OF| ET HERe ik LEhERe plRLislry, Aorics
DSL, or wir éd.sont ecmakaggbessescheasing rifistaciohs sterdil an merdony), celestami
are incl udeg i.nc t khre% (fieJré ndet icosn olfctor acnsrri SSi on rrledj um . éof)loﬁé The
met hods di s¢7 0580 REreih cglnﬁr’i EECULC SPMRBPE s ¢ Sﬁlgaoflr (Pt ong £°6r Y
achi evi ng t bembiasttan th@tofiret hod. The net hod steps and/ or actions may
be interchanged with one another w thout departing fromthe scope of
the clai ms. [§093pt heigu®n @ Showd b e¥sckadisRagi Jfi £ dRfoResf Dhassts@MiBnANQ and a
actions is required for proper operation of the nethod that is being

descri bed, fscrhcasiation b vhidearg pnespldibe ppse siatieps 1 Myad gne 8 thicsyBscHBgE
be nodi fi ed\; in I 0 |-

Porthor ¢ SEioot, SRR 19 AL ATbARRAPA 00 dallint B Rura | 8 Wkl
appropri at eproeesssr 160 meyr feoging trgffichitaneerh adktasodrdegndinihqwes amdids contreld
herein, such_.s t.hose illustrated by Fj r 8, 10 nd 14, can be
down onded dFutioR i ot Bl Eosaion Y G tredtSies 1616 Bigibtscei e e

device may becodoUpkeBate) andSSimbel rﬁ%) ftag ittakficatigat 4R Edn@oB figormdtioneaas
for perform ng, the nethods described herein. Alternatively, various

met hods desBiaviiecmemilaion sgaholbe pmodnigin (VIQP)al 620 sragroprshif pedijation
random acce%nmm%g., (fEiAMPDMe@ﬁmg%QJS gtc?‘égar %rp(/ﬁg(\%%ﬁ cﬁi&?iés' %ta(lt:r-asls,mitter

storage medi'um such~as a conpact
such that a(TdIReé62emapptagess (tlye convdrivtesanaipghanjsifuploiter, 84 upoarpierth the

or providing the storage neans,to.the.device, Mreover, .any .ot her

oui Dbl et eOWRHCHEIP BRSSP EEE Aoyl SisaEh shEn by Pkl Seb ety
herein to aile®myvice can be utilized. [00108] It is to be understood
that the clains are not limted to the precise configuration and

conponent s '[d(iSﬂIEt r 2taHe 8lQYEber \GatktioR U0 MR htk&Al 1630 SmayC RRBIE SheaBékvnlink
variations may be nmade in the arrangenent, operation and details of

t he syst enssighals Fomsthe dase spfsar Bluandduberrhape statianseind gyt provide a received
departing fgomtle $&oRe MRS 18581 "Bre NRNvel S654 HaBnkiFion (3., filter,

amplify, downconvert, and digitize) the received signal and provide received samples.

A demodulator (DEMOD) 1660 may process the reccived samples (e.g., for OFDM,

CDMA, etc.) and provide demodulated symbols. A receive (RX) data and control



THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. An apparatus for
providing an efficient frame structure for wireless comunicati on,
including: at |east one processor configured to frequency d|V|S|on
mul tipl ex WRERP06738%t and second air 5 interfaces in PANTPIBHRT03
subframe of a frame, and to tinme divisign multiplex (TDM the first
and second air interfaces in an uplink Zdbfrane of the frame, wherein
only a portion of a systembandwi dth of a frame is used for uplink
transni ssi ofEcEIsPr |1§‘7&gm@3h@rqqe$53 {e&i rSYmh?]e deraeie ; deamerleaverepist yeeasghltled
to the at | ABRbdAREd q?t%ocfbtan}ggco-@fd ?c;'n lfﬁ&‘orﬁ*nag&{rfo% ’the%ggc?‘fb
the at | east one processor is con ure requenc VIS

mul tiplex thetibni3l. and second air |nterfaces on flrst and second
frequency bands, respectively, during the downlink subframe. 3. The
appar at us off0095ai m{y thdeptnky dtheheatublserdlst satdnpiD;edsac dasfa and control

configured to. tine division 15nu]ti. Iex the_first and second
i nterfaces MHOFR4HOR 1 %S%Bbﬁ@ %’ ?rrf’faé‘PQéPé may 9 QW?S@iPX/ a qu datand

uplink sub tsaps proc@sso?h@(ﬁﬁﬂﬁﬁlﬁﬁé&sbyoﬁ nﬁdﬁlamr]i@mgﬂnenéch@y Qttrahhﬁ&r:r
one processor is configured to frequency division nultiplex the first

and second df%4.iand éruﬂnmtésd viA apjantenna heb2s etiothe baseeémendw,tihﬂdphnk signals
respectivel 0 dﬁll'els g& s%a(l)wg %lah&] %Hﬁ)f MRt bcr 5 tléjr{sw &) Beccived
mul tiplex t TSt an secon air aces 1 Frr St ARd detorid”
time inter vaysm anesipe d624, edoyiditiofied: bye a urpdeii vek ISBﬂ)fdeﬁﬁiﬂulated byt 4 demedubaibry
the first fr en band, f or firsf air interf during the flrst
time intervaPibeng ﬁe(?&“ﬁﬁi B)k Bgﬁaé%n STl OGRS, 1t (oYY dhe dagyand
second freqesnfy iRRAASchQent HiEtHSaaRREbE! dtationt BT e edtthi, Mgk ﬁlaees&ﬁ:gtq&d
time interval of the uplink subframe. 255. The apparatus of claim

wher ei n t he upkink arsmissinn may besirsilarite o shifergntr feem ttoe pracessing br dejeielindy
reuse of oneg. for. the downlink for the first and second air

interfaces, to0 Ut T ze frequency reuse greater than one for t he

lcj)ﬁel P lc()rf? Letl@glﬁ nks(;(m;Elrl ?{%/I}t ecé%ﬁ%e%ﬁ@n C{Z?w é%ay 28icddt GHROGY of HEFa

station 110 and the subscriber station 120, respectively. Memories 1642 and 1682 may

store data and program codes for the base station 110 and the subscriber station 120,
respectively. A scheduler 1644 may schedule subscriber stations for downlink and/or

uplink transmission and may provide assignments of system resources.

[0097] The processors 1610, 1640, 1634, 1670, 1680 and 1690 in Figure 16 may
perform various functions for the techniques described herein. For example, the
processors 1610, 1640, 1634 at the base station 110 may implement the method 800 in
Figure 8, the method 1000 in Figure 10, the method 1400 in Figure 14, and/or other
methods for the techniques described herein. The processors 1670, 1680 and 1690 at
the subscriber station 120 may implement the method 1200 in Figure 12 and/or other

methods for the techniques described herein.

[0098] In the above description, reference numbers have sometimes been used in
connection with various terms. Where a term is used in connection with a reference
number, this is meant to refer to a specific element that is shown in one or more of the
Figures. Where a term is used without a reference number, this is meant to refer

generally to the term without limitation to any particular Figure.

[0099] The term “determining” encompasses a wide variety of actions and,



306. A nethod for providing an efficient frane structure for wreless

communi cati on, including: frequency division nmultiplexing (FDV
first and second air interfaces in a downlink subframe of a frane;
and WO 20088678%%i si on nul tiplexing (TDM the first P&AFSIWSB#I03I r

interfaces in an uplink subframe of the frame, wherein only a portion
of a system bandwidth of a frame is used?f or uplink transm ssions
utilizing 35the first air interface. 26 the downlink subfranme, and
wher ei n t hetheraderedi“deteimsningy)|cen phelids galcnletingl eepruutipg.d precessing, deriving,

L tiol exi ¥ doair i ; ; .
time | ot ervaNeielid ShoBE Be6IE" iking B 3 ' CEBR, il BMoREE 10,
claim7, fusthivare), asdettdining: anduhe likei Adsoritigtetri@ng? cat inthude ventyngog@nd,

for the first air .interface during the first, ti.ne interval, of .the
Ul i Nk subf FSRINERipRtca, gEesring g Farerstigdete i dRep et fe o ralo

bands for th@tseaans @hlindhideatdoRaRy, delbdting, $HoBsinE comblishiiunt Meameal of
the uplink subfrane. 109. The nethod of claim6, further i ncluding:

utilizing f[(ﬂﬁumncmew&g?{ba&a%nﬂfoeé 6t HRUNkbakd bRty & uhicksSExRidly

second air interfaces; utilizing frequency reuse greater than one for
t he uplink spscifichetiferwise. I pthemwvends.dbe phrased basad anidespribeebatbibased enkye
of one for the uplin r.the second air interface. 1510. An apparat us
for providi I% aanlr?#l Jg?%hgltfe%ﬁ%w?'r ane structure for wreless

comuni cati ﬂfb’lﬂi]nd’['fllcei ité‘rﬁf “processor” should be interpreted broadly to encompass a general
purpose processor, a central processing unit (CPU), a microprocessor, a digital signal
processor (DSP), a controller, a microcontroller, a state machine, and so forth. Under
some circumstances, a “processor’” may refer to an application specific integrated circuit
(ASIC), a programmable logic device (PLD), a field programmable gate array (FPGA),
etc. The term “processor” may refer to a combination of processing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or

more microprocessors in conjunction with a DSP core, or any other such configuration.

[00102] The term “memory” should be interpreted broadly to encompass any
electronic component capable of storing electronic information. The term memory may
refer to various types of processor-readable media such as random access memory
(RAM), read-only memory (ROM), non-volatile random access memory (NVRAM),
programmable read-only memory (PROM), erasable programmable read only memory
(EPROM), clectrically erasable PROM (EEPROM), flash memory, magnetic or optical
data storage, registers, etc. Memory is said to be in electronic communication with a
processor if the processor can read information from and/or write information to the
memory. Memory that is integral to a processor 1 in electronic communication with the

Processor.

[00103] The terms “instructions” and “code” should be interpreted broadly to include
any type of computer-readable statement(s). For example, the terms “instructions™ and
“code” may refer to one or more programs, routines, sub-routines, functions,
procedures, etc. “Instructions™ and “code” may comprise a single computer-readable
statement or many computer-readable statements. The terms “instructions” and “code™

may be used interchangeably herein.



means for frequency division nmultiplexing (FDM first and second air
interfaces in a downlink subframe of a frane; and neans for
time division nultiplexing (TDM the first and second air interfaces
in an upl iWQ2%{9F?3&£E of the franme, wherein only a por tRE@S3§08433703
system bandwi dth of a franme is used for _uplink 20transm ssions
utilizing the first air interface. 11. Zhe apparatus of claim 10,
wherein the nmeans for frequency division multiplexing includes neans

for f requentf.@m&i‘}\/l shihsrfungiions gesexbasghordie mayrbetimpirmnenteddn dagdware, software,
i nterf aces I")ﬁ FBr Wc&gﬁgﬂ%n thét ri?YmQ@ﬁQ@ed i §°%‘9‘%é V& YoncfSHs RS

t he domnlln ereln VI st on

25mul ti pl exbagtdret lasicdes cmamm ﬁlstructmmmomlavccsnmmrrmddabhl @xding. t W term
first and second air i.n first an cond tine nterval
Fespect | vel yeorgghieediBle TR GTb TS SR IRIE BRCPTRL gF 4t B

i ncl udi ng aceapRet By m@d&mxmﬁ@damdiqm&ﬁoh NS tdiGiltéraBflabREh &R hdie
I nstructions includin 30code for causin | east one conputer to

frequency dPYMBISS tRQMe EEPRONY., €PrRO ﬂﬁogﬁtéwahﬂﬁklﬂfﬁr&% awgsetion
a downl i nk
| east one cgﬁgute togt)%hl%ﬁé{a |vL|cs§|a)o ederwesb?lg%g(%&e%ﬁﬁﬁpﬁ ; Es"{ﬁ au(tied fo

second air catrepf stoe:sddsinecaprongpﬂm ncbdeauhhas &mm off insthetibusaoredatavktercaires and

only a portion of ) bandvvl f a frame is edfor I|nk
T ansni ool oHEF 68t PF afokSed M ety ik fhd 450 s e Refin. R cate
for providi ggc qamfme@mt O}f)ﬁcﬁﬂ'ﬂlt,@tdlghﬁﬂ WeRatilerdisd (D T8S Floppy disk and Blu-

comuni cati on,, i ncluding | east one processor configured to

send a firstaydcii Wﬁ{e firsaﬁswaﬂx F%Ofbﬁe datpimagnetiqelyehitoydiprariaprpgucg data

downl i nk Sugéﬁcaﬁ to receive a first uplink transm ssion on the
first freque cy an y inafirst tinme interval of an uplink

subfrane, ﬁﬁ)lbs]r StSoﬂWﬁﬂ:l Iopkmgtﬁﬁﬂgr{g ﬁ%&oﬁisé‘% Ergﬁsnxl{téds veP'a ! H’lénsmission

transm ssi o
medium. For example, if the software is transmitted from a website, server, or other

remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as

infrared, radio, and microwave are included in the definition of transmission medium.

[00106] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions is required for proper operation of the method that is
being described, the order and/or use of specific steps and/or actions may be modified

without departing from the scope of the claims.

[00107] Further, it should be appreciated that modules and/or other appropriate
means for performing the methods and techniques described herein, such as those
illustrated by Figures 8, 10, 12 and 14, can be downloaded and/or otherwise obtained by
a device. For example, a device may be coupled to a server to facilitate the transfer of
means for performing the methods described herein. Alternatively, various methods
described herein can be provided via a storage means (e.g., random access memory
(RAM), read only memory (ROM), a physical storage medium such as a compact disc

(CD) or floppy disk, etc.), such that a device may obtain the various methods upon



27 utilizing a first air interface, the first air interface being
frequency division nmultiplexed (FDM with a second air interface on
the downlink and tinme division multiplexed (TDM with the second air

i nterface YWRA20MAE6TIPR i nk; and a nenory coupl ed to the atPOTEE3P0846BE03
processor. 5 14. The apparatus of claim 13, wherein the at |east one
processor is configured to send a second?downl i nk transni ssion on a
second frequency band in the downlink subframe, and to receive a
second upl i aRuping s praddiog tisnsteraee frieprst todhel dedew nYloreavguany pilisa seitebien
a seco_nd ti %%hﬁlgﬁsff?\f%l‘ov?({nﬁ%&% Iﬁ'lgl)llui(dg lﬁn& %quﬁ B debd %e(? ﬁ&gﬂqo g%‘é@cé chl(n b
transm ssi on an e"seco uplink transmssion utrlirzing the Secont
air 10i nterfhided. 15. The apparatus of claim 13, wherein the first
frequency band is used by at |east one adjacent sector for downlink
tr gpsm‘ SSi om(haS]ﬁd [DAs ttblebeﬁﬁﬁm?ﬁiocfﬂ rthaitnﬁhenf,[\ﬁﬁfs ahgr hdgglil?lhed d@}mﬁb i prkcise
subfranme. 1516, The apparatus of c¢laim 13, erein the first frequenc
band i s not CRPEEYTAPN ARG CREPIRERY ﬁ‘é‘ét&t‘c‘ﬁr aljoyp- (NATIOHK Modiretionss phagges an
during the flksiond il bOhRYEh BE diRgdiRhl NipeiitiBn fandBeotailt 7o HTBLBRE:S,

for providing an efficient frame structure for wreless

comuni cat i owthodpekrd dprptuséaselibeg harefn wishoud departingifiam thesedpssif the abaima.
first frequency band in a downlink subfrane; and 20 receiving a
first uplink.ttansd.ssion on the first frequency band only in a first
time interv§¥—6§—aﬁ—up+Tnk subframe, the first downlink transm ssion
and the first uplink transmssion utilizing a first air interface,
the first air interface being frequency division nmultiplexed (FDV
with a second air interface on the downlink and tinme division

mul ti plexed (TDM with the second air interface on the uplink.

2518. The nethod of claim 17, further including: sending a second
downlink transm ssion on a second frequency band in the downlink
subf rane;



and receiving a second uplink transm ssion on the first and
second frequency bands in a second tigg I nterval of the uplink
subfrane, the second downlink transm sSion and the second uplink

t r ans nrEsi INBGUHEFINDVO THEBNIRCRO8 At ARRORILOSER. 19. An appar at us
for providing an efficient frame structure for wreless

conmmuni cati on, including: means for sending a first downlink

transnissi oanqapaaarﬁg foSprotiiRg e BgiicRamihel shudud QW itcltss Suafun®aBon, Mefhding:
35nmeans for receiving a first uplink transm ssion on the first

frequency b&nE2HRRY Pr%esaorf ?qnéeurﬁd Herepermyvayisign muingy (ERMstinst pghgscond air

thes fi mSdrfa6l@WA b idB¥niidksABMASSANFrAR atd¥8 tindel disibP b Riglek (RDSINHRSr@And second
utilizing a_first air, interface, the first air interface bei ng didth of
oI a

f r equefE yRtEAgESinR ‘iﬂh‘P’Eu e Pf tRplmey Wheredn S grirerigny ofi pysierd

t he dowihé RKis@@r Gp1RR tahswiSloaouiMtdsi i @xes ih:; aat h the second air
interface on the uplink. 28 20. The apparatus of claim19, further

i ncl udi ng: a“wnwﬁﬁﬁaﬂﬁdFﬁheﬁéﬁﬁﬁﬁﬁp%m§éﬁond downl i nk transm ssion on
a second frequency band in the downlink subframe; and 5nmeans for

receiving a_second uplink transm ssion on the first and second
fr&uetcy bARHRPPARIUY °§ elagh g Whern thetab fogst ong PropeRerr i Fankiguisd, by tregyency didsion

s econdme Ripibk itksirkt A0 $808S hid thiddidest MAirH RGO BdostPird fkncl ThaRE MeSpeL@®Rly, during the
utilizing.the second air interface. 21. A conputer-program product

i ncl udPHEIRK eYi3tiEer - r eadabl e medi um havi ng i nstructions t hereon,
10t he instructions including:

3. The apparatus of claim 1, wherein the at least one processor is configured to time division
15 multiplex the first and second air interfaces in first and second time intervals, respectively, of the uplink

subframe.

4. The apparatus of claim 1, wherein the at least one processor is configured to frequency division
multiplex the first and second air interfaces on first and second frequency bands, respectively, during the
20  downlink subframe, to time division multiplex the first and second air interfaces in first and second time
intervals, respectively, of the uplink subframe, to utilize only the first frequency band for the first air
interface during the first time interval of the uplink subframe, and to utilize the first and second frequency

bands for the second air interface during the second time interval of the uplink subframe.

25 5. The apparatus of claim 1, wherein the at least one processor is configured to utilize frequency
reuse of one for the downlink for the first and second air interfaces, to utilize frequency reuse greater than
one for the uplink for the first air interface, and to utilize frequency reuse of one for the uplink for the

second air interface,

30 6. A method for providing an efficient frame structure for wireless communication, including:
frequency division multiplexing (FDM) first and second air interfaces in a downlink subframe of
a frame; and
time division multiplexing (TDM) the first and second air interfaces in an uplink subframe of the
frame, wherein only a portion of a system bandwidth of a frame is used for uplink transmissions utilizing

35 the first air interface.

7. The method of claim 6, wherein the frequency division multiplexing includes frequency division

multiplexing the first and second air interfaces on first and second frequency bands, respectively, during



code for causing at | east one conputer to send a first downlink
transm ssion on a first frequency band in a downlink subfranme; and
code for causing the at |east one co er to receive a first uplink

t r ans Mt SdoRliflsubRBmE,| 4n8 twhbre@OME BEY ddAcch Makiplcking dchideStimé UfBion multiplexing
interval of an uplink subfranme, the first down|ink trapsn ssion and

the 1Hefjrstapd i?ﬁ?l}drﬂ%r ipterfarenindut GRd sRepng tE‘P‘Hﬁtm&’aFi respectiyiely: phifeyRligk gubframe.
the first air interface being frequency division nmultiplexed (FDM

with a_second air in% r.fac n the downlink and tine division

mul ti plsexedTgeI' 0 e NEREIPAURE i nterface on the uplink. 22. An
appsr at us f afilifgootlEihB Girsd fre@ichdydai for (IR aftiKibiEict B ideQhe Ml @hESRrval of the
comruni cg’ﬁ(i on, including: 20 at |east one processor configured to

recei vEPERKIBURMHRY 1 ansni ssion on a first frequency band in a

downl i nk sulfilizkEthe &R atdse6@dregiend banak fdr R Ke80ng SirQite®de dheng thé Sdeond time

frequenc and only in a first tinme interval of an uplink subfrane,
t he do%l%%/r?’aﬁl?f'?‘fi&ﬂé‘%isggffa&}? and the uplink transmission utilizing a

first air interface, the first air interface being frequency division
mul ti plexed_ (F ith.a second aif interface on the downlink and

tit drvisi gge%ﬁ{ﬁ?‘%{mﬁéﬁ’é‘&%mﬂﬁ‘{%zthe second air interface on the

upl i nk;  andu@bandRéaREdty GaldPbEshet for thb GoRhlikgasthe BREard RE@I SR interfads; utilizing
The apﬁarat us of cl aigl 22, vvh%rel n the at |east one processor is

conf i gUFEENEYFeRE EFateh Ban pits fRkt FP@%@@E«?%@%W&%@@W& transmt power
to account h@kzidgdeequbnd® rélse/dfone for ke dplifpt % i3Gecdhd dibRtdifabsst and second
air interfaces on the uplink. 30 24. The apparatus of claim 22,

wherein the first and second air interfaces are tine division

mul s i ph@xedAnRppdrated fopmdviaRg aR efficieAErdntt s@tdtade For wiRtREInnr&licdtio inclldBig:
uplink subframe, apnd wherein the aﬁ I_ea%twgne prgcessor_ IS Eonf_i gured .
to boost tr 58K Pr BeARereyYtviping mypiPteiee (FRNA Hret end seegyd air fndgriaggs ina downlink
det er miysidmbasedag) duration of the uplink subframe and duration of

the first ti interval for.the first air 35interface. 25. A nethod .
for providi At BFRNEAT Grsstitision Bnuinieetigc@ae o RrsLa g god o metices i an uplick

COMUNbfila@ Ibf thefrhiéli ViGieiti @891 &/ pdtGord ofl @ WiHidni barldnddiB I¥F SRk BMuséd for uplink

f|5@t frequency qand in_a downlink subfrane; and 29 sendi ng

an?Qpl FARTESYRS M emedhe s ATHeRaest frequency band only in a first

time interval of an uplink subfranme, the downlink transm ssion and

the uplinlc_transmssion utilizing a first air interface, the first

air interf a_EFEe BERAF Plot]Bh i) R e At fop fEsksaey( BpMjon iR Hplgxing includes

SeCOﬂdm@bﬂﬁ foﬂtfﬁbﬁﬁ@l@ﬁd@ﬁsibﬂ1%Lﬂqjl\?hﬂgnﬁleaﬂildthhﬂdrﬁﬁcéﬁdl: bi% 1 igBrfiBds toh PhEX & second

T i ir inter n i nk.

(TBM \ﬁ'neéuenéy ‘t?an s(? ?‘gsgecti%flzly, clluritng theac%%nﬁnk tsub?raxlﬁg, e{nd wherein the means for time division

25  multiplexing includes means for time division multiplexing the first and second air interfaces in first and

second time intervals, respectively, of the uplink subframe.

12. A computer-program product including a computer-readable medium having instructions thereon,
the instructions including:
30 code for causing at least one computer to frequency division multiplex (FDM) first and second air
interfaces in a downlink subframe of a frame; and
code for causing the at least one computer to time division multiplex (TDM) the first and second
air interfaces in an uplink subframe of the frame, wherein only a portion of a system bandwidth of a
frame is used for uplink transmissions utilizing the first air interface.
35
13. An apparatus for providing an efficient frame structure for wireless communication, including:
at least one processor configured to send a first downlink transmission on a first frequency band
in a downlink subframe, and to receive a first uplink transmission on the first frequency band only in a

first time interval of an uplink subframe, the first downlink transmission and the first uplink transmission



5 26. An apparatus for providing an efficient frame structure for
Wi rel ess conmuni cation, including: rreglr}s for receiving a downlink
transm ssion on a first frequency band’in a downlink subfrane; and

means fi@izisendisngir dileraet,i thK fitst 8 Sttt @Eﬁn? &rreaﬁbﬁcj alwfsfonfnﬁlﬁﬁm@&a XFI®I) &ith a
only in a first ime interval 10 of an.u frame, the downl.ink

t r ansnieSeRGAr A tl]}E) APFRink arh Sife élé"l%‘?{l IHFIFIPﬁeﬁdr{’grDé’I)f"YlestPe gfopnd air interface
i nterface upl; bdar st air interface being frequency division

mul ti pl exed (FDM W|th a second air interface on the downlink and

time divisidRemaPtseppieked e(af%%‘%’?’ﬁc‘is%- second air interface on the
uplg nk. 27. A conputer-program product including a conputer-readable

medi um havipng i nstructions thereon, 15the instructiaons incluyding:
code f U catls ﬁ@?a&fuswéaﬁiaﬁfﬂdﬁew BRBUbEA et PRE BIOGESH 1B GoIgRTK to send a second

tr gns ][ru&ﬁﬂmm tﬁﬁsrﬂss‘&]dnrc&i a &erc&mJﬂét@ynd@adadd kftha dd-@ﬁmlk:j dﬁKfréiﬁH)raﬁcﬁf(mr,ec@%da second
coae Tt or au5| ng .t he east ne C uter t send an, U
trans nP@’s“f‘ i‘?Pe o it es’tLlrSﬁ‘ ?‘Eq%fé g%ﬁ'&fydﬁr“ joe seopd %‘Ele tiptpgyal of the uplink

i nter Véﬂbﬁ@ﬁle aRe sgebiddows Uik frad¥Bhissioh @ndl enkdonll ublirknsabiSisdié utdthgtthesecond air
upl I nk 20 transmssion utilizi ng a first air interface, the first air

i nt®r f B&&@B%i ng frequency division nultiplexed (FDM with a second

air interface on the downlink and time division mltiplexed (TDV

with the se ond air rface on the uplink. 28. An apparatus for

pr ovi difﬁg ‘“e‘?PPF‘r&ﬁ“éH ol ?lwﬁewlg%r?laéww fregengy band isised bt cae pdippent sector
i ncl Udfdii@owﬁﬁﬁ&rahﬁﬂ&ﬁon%&d%h@%&&ﬁﬂ afe Qiértge e the iR ®MGNIGuEMAL. | NK
transm ssion for a first cell that is frequency division multiplexed

(FDOM with a second cell in a downlink subframe of a frame, and to
recei ves.an R dppliratu 8NAMTInSIS| @Rerkiffhelflie felgtiity BRllis Adhaded fb? ahy #Bacent sector for

divisio ltiplexed (T vmththes ond, cell in an uplink subfrane
of the“qwguﬁréns ?f&?néluﬂw%m&%ﬁfnéﬁvﬁlﬁl HBPIH‘E‘SFI%Q@E‘G one processor. 30

17. A method for providing an efficient frame structure for wireless communication, including:
sending a first downlink transmission on a first frequency band in a downlink subframe; and
20 receiving a first uplink transmission on the first frequency band only in a first time interval of an
uplink subframe, the first downlink transmission and the first uplink transmission utilizing a first air
interface, the first air interface being frequency division multiplexed (FDM) with a second air interface on

the downlink and time division multiplexed (TDM) with the second air interface on the uplink.

25 13 The method of claim 17, further including:
sending a second downlink transmission on a second frequency band in the downlink subframe;
and
receiving a second uplink transmission on the first and second frequency bands in a second time
interval of the uplink subframe, the second downlink transmission and the second uplink transmission

30  utilizing the second air interface.

19. An apparatus for providing an efficient frame structure for wireless communication, including:
means for sending a first downlink transmission on a first frequency band in a downlink
subframe; and
35 means for receiving a first uplink transmission on the first frequency band only in a first time
interval of an uplink subframe, the first downlink transmission and the first uplink transmission utilizing a
first air interface, the first air interface being frequency division multiplexed (FDM) with a second air

interface on the downlink and time division multiplexed (TDM) with the second air interface on the
uplink.



29. The apparatus of claim 28, wherein the at | east one processor is
configured to send the downlink transn ssion for the first cell on a
first frequency band during the downl i%8k subframe, with the second
cell operating on a second frequency band during the downlink
subframe. 3530. The apparatus of claim 28, wherein the at |east one
proces3dr i §h%6ﬁﬁW§EPg@m@d9r@@@@V@ﬂmh%!upllnk transnission for the

first cell bRa@ bt feBling b @?coh&‘ﬁ&ﬁﬂ{ﬁi{ t@hsnliffon!d é&&nﬁ%ﬁﬁ&@fban‘&hﬁ Ihet ddGmlink
second cel | operatlng In a second tine interval of th

subf r afiPframgpnd31  The apparatus of clai m 28, wherein the first and

second cel | g easerof fe@él%‘ﬁ?%ke&h&' Sl raiihisliod 6xX R B8 bl k&lon@BEREGONEds in 2
frequency bands, respectively, during the downlink subframe, wherein

the fi pesendatiie dwbesplcPi e prlinkisebiramee ﬂm sprogd slowlink frapseissign ppd fhierssgong glink

secondyhdsHssloRLBHHAS e sdcbRPEGhicMRly, Of the uplink subframe, wherein
the first cell utilizes only the first frequency band during the

first tinme interval of the 5uplink subfrane, and wherein the second

cell upiliz %%ofn?@teiﬁ bﬂbélramew&lu@ﬁﬁaﬂﬂng 4 &ﬂﬂﬁf&? Yeaﬁ?d%ecﬂﬁm hi\gnd 1h§ru%§@1ﬁ rﬂcérean

time interval upl i'nk subfrane. . The apparatus of claim
810mhﬁP@FH“ﬁF@ﬂﬁ@W@?greuse of one is used for the downlink for the

first and segngr GolihSat léa%ﬁcgié%ﬂﬁ})’utér% S&ndH ﬁx@ﬁcﬁa’ivnhﬂ@ﬁ‘ar@ﬁ%mbﬁ bl Githt fﬁ‘é&uency
the uplink for the first cell, and frequency 10reuse of one is used

for theandprp Arvalsk sef@meedind cel |. 33. A nethod for providing an

efficient fpafieros tilel Uheal RYst Whe @élﬁﬁﬁerctgr%@aéfvecﬁﬁfspﬁ link EnktRisfiGh on the first
sending a downlink transm ssion for a first cel tha% i s frequency

di vi si BRAusHPthapd exedn 3 fosijmaintervaholaaaphek wibframs, rﬁh%ﬁréfé*mphlﬁ%r@ws%l@h@d the

of 18 f EAMRPIANGantRlE6R WMiiASk: arfus{pjlﬂ mkerﬁaéeamu%@ hi® @nt&@arce toRie Fitdq@dnc e hvision
that is tinme division nultiplexed (TDM w he second F in an

upl i nkmgliptereh @ H0 wile afSF%mé air infgrfacyipa th%@‘??é‘dmbfan@: Ligie rﬁﬂesson HBiplsred (TDM)

t he seaghﬂgSgaﬁdg@ﬂmﬁﬁggm$@@g$3k33|on i ncl udes sending the downlink
transm ssion for the first cell on a first frequency band during the

downl i nk subfranme, wth the
22, An apparatus for providing an efficient frame structure for wireless communication, including:

20 at least one processor configured to receive a downlink transmission on a first frequency band in
a downlink subframe, and to send an uplink transmission on the first frequency band only in a first time
interval of an uplink subframe, the downlink transmission and the uplink transmission utilizing a first air
interface, the first air interface being frequency division multiplexed (FDM) with a second air interface on
the downlink and time division multiplexed (TDM) with the second air interface on the uplink; and

25 a memory coupled to the at least one processor.

23, The apparatus of claim 22, wherein the at least one processor is configured to send the uplink
transmission at a higher transmit power to account for the time division multiplexing of the first and
second air interfaces on the uplink.
30

24. The apparatus of claim 22, wherein the first and second air interfaces are time division
multiplexed in first and second time intervals, respectively, of the uplink subframe, and wherein the at
least one processor is configured to boost transmit power of the uplink transmission by a factor
determined based on duration of the uplink subframe and duration of the first time interval for the first air

35 interface.

25. A method for providing an efficient frame structure for wireless communication, including:

receiving a downlink transmission on a first frequency band in a downlink subframe; and



20 second cell operating on a second frequency band during the
downl i nk subfranme, and wherein the recgiving the uplink transm ssion
I ncl udes receiving the uplink transm ssion for the first cell in a

first time kalipgval upbibk tBesniRlon s ©éllBkt FBuendd bihd iy 55 eRd iRl 1hterva1 of an
i nterval of the uplink subfrane. 2535

o] eratl second t

appar b fSB‘i’fa""ﬂ?eoWleWﬁi P uo the Sk SRR 6P i P Suerncs, e
comunkigadit &Ehrfabﬂﬁ‘éui—@@fdﬁlﬁency d1v1smnﬂﬁﬂtﬁtﬁexfe@ [F[ﬁﬂmitl’ﬂg se@oiiPathiefHice on the downlink
transm ssion for a |l i's equency d|V|S|on mul ti pl exed

( FDM) aadtfﬁneadlglé'eaﬁﬂ tp XFd (b \@MF Ff‘r‘fR piegprs ogtheppiplhe:  and

means for receiving an uplink transm ssion for the first cell that is
time diyision multiplexed (TDM_wth the second cell in an_uplink
subfraf® of APREPFH fpfgwdéﬂs AFREicly S{TUCTYF ?%I“QTEFFF%@WWEFQ% inclyding:
neans for serehisior fcb@vid®wabkilkk! a8 & SéoN fifsnNfbdtd Ry UIR@MSa d@nlink subframe;
sending the downlink transm ssion for the first cell on a first

freque band during the downlink subfrane, with the second cel

oper 3;1 i ng omealsa*elcsamin% HEGHIAR wnslaﬁm)nﬁu&mm@iﬁsﬁfi@u@iﬁy\maﬂdrdﬁﬁluaffﬁﬁ{fﬁae interval
erein ans for recejving the uplink transm ssion includes
g‘hs o ﬁl@’é@s FiHG En e %’ﬁﬁf b traptaipra ok U 4K CRBSHPYOR vRlgne 7 ry air
first intdMRcd, Medirstalr iQbrfich Beﬂg)fréc[ﬂllﬁnc%ldbﬁii@ﬂﬁultlﬁ\kiéd (FDBI) %66 QRELof&hit interface on
operat i cond, time interv E upl i nk subframe. 37, The
appar athg 30‘5& r@qa&& gwmli%]rnfnﬂgyle)feﬂ ﬁ‘lal&& W& thessicond air interface on the uplink.

27. A computer-program product including a computer-readable medium having instructions thereon,
15  the instructions including:
code for causing at least one computer to receive a downlink transmission on a first frequency
band in a downlink subframe; and
code for causing the at least one computer to send an uplink transmission on the first frequency
band only in a first time interval of an uplink subframe, the downlink transmission and the uplink
20  transmission utilizing a first air interface, the first air interface being frequency division multiplexed
(FDM) with a second air interface on the downlink and time division multiplexed (TDM) with the second
air interface on the uplink,

28. An apparatus for providing an efficient frame structure for wireless communication, including:

25 at least one processor configured to send a downlink transmission for a first cell that is frequency
division multiplexed (FDM) with a second cell in a downlink subframe of a frame, and to receive an
uplink transmission for the first cell that is time division multiplexed (TDM) with the second cell in an
uplink subframe of the frame; and

a memory coupled to the at least one processor.

30
29. The apparatus of claim 28, wherein the at least one processor is configured to send the downlink
transmission for the first cell on a first frequency band during the downlink subframe, with the second
cell operating on a second frequency band during the downlink subframe.

35 30 The apparatus of claim 28, wherein the at least one processor is configured to receive the uplink

transmission for the first cell in a first time interval of the uplink subframe, with the second cell operating

in a second time interval of the uplink subframe.



means for utilizing only the first frequency band during the first
time interval of the uplink subframe for the first cell, with the
second cell wutilizing the first and setond frequency bands during the

secondsi.i me RtbppAhs &fcldif @3 WPhdrdik 12 Yidt bARconditells arb e QUERML BVisiPh R Exed
pr oduct |nclud|n a conputer-readable medi um havi ng i nstructions

t her eof fifshand RSO EETEIR boRes trapastivele dadng e dey bijpmg, adexeingfe first and

conmput gdeohdcclS A tﬁn@&ﬁ%ioh%lﬂiﬂlé&& ﬂﬂ ﬁﬁt 5&[31 de@dndaintd 1hf%}va£‘se}e'spe%h@e‘i of the uplink
frequency divi siagn nultlplexe (F a second cell in a downlin

subf r aftligme.gvherepthe figpgelt gilizes BIFIY élwsrﬁtrfgeqtm*éy hind @é}gg thgrfastdmegnieepl of the

t 0 §ecepiR AP, |aH<h< “ﬁl&amstm; $S&LAN cdIPiitilizBemE it tand Sdcbnd Redued@ Bandd dRing the

di vi si on nultlplex g with the second cell in an uplink subfranme
of t hespaghtime interval of the uplink subframe

32. The apparatus of claim 28, wherein frequency reuse of one is used for the downlink for the first
and second cells, frequency reuse greater than one is used for the uplink for the first cell, and frequency

10 reuse of one is used for the uplink for the second cell.

33, A method for providing an efficient frame structure for wireless communication, including:
sending a downlink transmission for a first cell that is frequency division multiplexed (FDM)
with a second cell in a downlink subframe of a frame; and
15 receiving an uplink transmission for the first cell that is time division multiplexed (TDM) with

the second cell in an uplink subframe of the frame.

34, The method of claim 33, wherein the sending the downlink transmission includes sending the
downlink transmission for the first cell on a first frequency band during the downlink subframe, with the
20  second cell operating on a second frequency band during the downlink subframe, and wherein the
receiving the uplink transmission includes receiving the uplink transmission for the first cell in a first time
interval of the uplink subframe, with the second cell operating in a second time interval of the uplink

subframe.

25 35, An apparatus for providing an efficient frame structure for wireless communication, including:
means for sending a downlink transmission for a first cell that is frequency division multiplexed
(FDM) with a second cell in a2 downlink subframe of a frame; and
means for receiving an uplink transmission for the first cell that is time division multiplexed
(TDM) with the second cell in an uplink subframe of the frame.
30
36. The apparatus of claim 35, wherein the means for sending the downlink transmission includes
means for sending the downlink transmission for the first cell on a first frequency band during the
downlink subframe, with the second cell operating on a second frequency band during the downlink
subframe, and wherein the means for receiving the uplink transmission includes means for receiving the
35 uplink transmission for the first cell in a first time interval of the uplink subframe, with the second cell

operating in a second time interval of the uplink subframe.

37. The apparatus of claim 36, further including:
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31
means for utilizing only the first frequency band during the first time interval of the uplink
subframe for the first cell, with the second cell utilizing the first and second frequency bands during the

second time interval of the uplink subframe.

38, A computer-program product including a computer-readable medium having instructions
thereon, the instructions including:

code for causing at least one computer to send a downlink transmission for a first cell that is
frequency division multiplexed (FDM) with a second cell in a downlink subframe of a frame; and

code for causing the at least one computer to receive an uplink transmission for the first cell that

is time division multiplexed (TDM) with the second cell in an uplink subframe of the frame.



