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various types of conmunication such as voice, packet data, and so on. These
systens may be MITONTROLEHANNEESTRUSTERE INAWIRELESS™MUNI cation
with multiple users sequentially or sinultaneously by sharing the avail able
system resources. Exanpl es oCOMMUNICATION SYXSTEM i ncl ude Code Division
Mul tiple Access (CDVA) systens, Tine Division Miultiple Access (TDWVA)
systens, and Frequency Division Multiple Access (FDVA) systens. [0003] In
recent years, wreless |l ocal area networks (W.ANs) have al so been wi dely
depl oyed in accordance with various BAGKGROUNDYs (e.g., | EEE 802. 1l a,

802. 11b, agg 8037._]%9, etc.) to enabl e conmuni cati on anong w rel ess

el ectronic viced®ifle g., conputers) via wireless link. A WAN nmay enpl oy
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frequency (RF) nodul ated signal froma transmtter unit nmay reach a
receiver unit via a nunber of propagation paths. The characteristics of the
propagat i on [iat hBdckgtemid y vary over tine due to a nunber of factors, such
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multiple-access systems capable of supporting communication with multiple users

sequentially or simultaneously by sharing the available system resources. Examples of
multiple-access systems include Code Division Multiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems, and Frequency Division Multiple
Access (FDMA) systems.

[0003] In recent years, wireless local area networks (WLANs) have also "been widely
deployed in accordance with various WLAN standards (e.g., IEEE 802.11a, 802.11b,
and 802.11g, etc.) to enable communication among wireless electronic devices (e.g.,
computers) via wireless link. A WLAN may employ devices called access points (or
base stations) that act like hubs and/or routers and provide connectivity for other
wireless devices in the network (e.g. user terminals or user stations). The access poﬁnts
may also connect (or “bridge”) the WLAN to wired LANs, thus allowing the wireless
devices access to LAN resources.

[0004] In a wireless communication system, a radio frequency (RF) modulated signal
from a transmitter unit may reach a receiver unit via a number of propagation paths.
The characteristics of the propagation paths typically vary over time due to-a number of
factors, such as fading and multipath. To provide diversity against deleterious path
effects and improve performance, multiple transmit and receive antennas may be used.

If the propagation paths between the transmit and receive antennas are linearly



2 independent (e.g., a transm ssion on one path is not forned as a |inear
conbi nat i opoebos/okésd7t ransm ssi ons on the other paths), tlpernshensosdees i hood
of correctly receiving a data transm ssii)n i ncreases as the nunber of
antennas i ncreases. Cenerally, diversity “increases and performance inproves
as the nunber of transmt and receive antennas increases. [00051 A M MO
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antennas are utilized. [0006] An exenplary M MO WLAN systemis described in
the af oremerPy8H&Y U S.  Patent Application Serial No. 10/693,419, assigned
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configured to provide various types of services and support various types
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channel conditions, and other factors. [0007] I'n one enbodi nent, the WAN
system as diasélopgsepternrefigbiliag)oifethe naddiinngl dirsensionglides crepisdi Ratheomudtigie oys a
channel str | u 1. efficient downlink and uplink

transm ssi o#gawéﬁgﬁggecgﬁggﬁ{eeg"gﬁ&ggglh%egi' may conprise a nunber of transport

channelfgodepat mayArbexemmsiary’ MIIMGIWDAS ydteed isodscribedCin e dogarhiitigdol.Ssyst em
paraneters and resource assignment ownl ink and uplink data
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t he access point to allocate resources (e.q., channel assignnments) on the
downl i nk andPetfprmanee. THe vRtows ﬁﬁgbomwts@eb’fﬁ@d apg p RQUSBRY diMFiemt f or

multiplexing (OFDM) may be employed to attain high throughput, combat deleterious
path effects, and provide other benefits. Each access point in the system may be
configured to support multiple user terminals. The allocation of downlink and uplink
resources may be dependent on the requirements of the user terminals, the channel
conditions, and other factors.

[0007] In one embodiment, the WLAN system as disclosed in the aforementioned U.S.
Patent Application employs a channel structure designed to support efficient downlink
and uplink transmissions. Such a channel structure may comprise a number of transport
channels that may be used for various functions, such as signaling of system parameters
and resource assignments, downlink and uplink data transmissions, random access of
the system, and so on. Various attributes of these transport channels may be
configurable, which allows the system to easily adapt to changing channel and loading
conditions. One of these transport channels, called forward control channel (FCCH),
may be used by the access point to allocate resources (e.g., channel assignments) on the
downlink and uplink. The FCCH may alsc be used to provide acknowledgment for

messages received on another transport channel.



nmessages received on another transport channel. WO 2005/ 055527

PCT/ US20044 83805385523 [ 0008] As di scl osed in the af or enentpicanedoddossiofat ent
Application, in one enbodinent, the F can be transmtted or operable at
different data rates (e.g., four differe data rates). For exanple, the
different data rates may include 0.25 bps/Hz, 0.5 bps/Hz, 1 bps/Hz, and 2
bps/Hz. However, in such a configuration, the rate enployed on the FCCH is
di ct at 6008} t he whs discloseddn thecaforementeneshid SeRatent Applicatien,is ene eiphediosat at es
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to operate at higher data rates. [0009] There is, therefore, a need in the
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the inventi qgwadt@atheak).| TRE stRerhd/istiRéTicictitbeahbsededifile udaRitCamibt bPerditeat
aspect of the invention, a nethod is provided in which a control channel

used for trankighertrategnayredues therefBeinnayi avd utdization of the FECH mven shqughrothert y
of subchannel s _each of, which.i s..0oper . specjfic data rate. For each
of one or r’?ﬁ‘?‘g 0 rsyftgwﬁpéﬁblgﬁ%oﬁ#ﬁgﬁgﬁlgﬁ%’cﬁgdnﬂagefs is_ sel ect eq based on
one or [00g9 sel ecliieddis, Clidréford, a heed ihrB& e fof hﬂﬁetﬁ@@fah@!ap?ﬂﬁwﬁﬁ_ﬁtpr&ﬁdé gom an

access point to the respective user termnal. Control information is
transni t t ed mesrefficientaopuekchanneltstruetuge thatels ablertpianegmmadate diffarentigers that

subchannel s ed for. I ive user termnal. At the user termnal,
one or nore @%Pg%%nﬁgfélﬂtg&gtgéggﬁé% to obtain control information designated
for the wuser termnal. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0011] The vari ous

features and aspects of the invention_ can be understood fromthe detailed
description set forth belowin conjunB¥YMYJABYX h the fol | owi ng drawi ngs, in

whi ch: QﬂiZ] Fl I | ock, o % %@ é%l ! i.ch
the t ea{(E:) I'Ngs ofGr qeh‘éﬁibﬁé\éﬁlﬁcgn&gr%ﬁ?%g‘nmeﬁ é% Mk’ iaf{ I%\¥&g’?§1ﬁg\%&“a&| ayer
structure f afetdihiseldd Mt odkdibig 3¢ 8heBpettQiTIHd invektion3 aintetRodisqeévidediaraiich a
illustrating various conponents of an access point and . . )
control channel used for transmitting control information is partitioned into a plurality
of subchannels each of which is operated-at a specific data rate. For each of one or
more user terminals, one of the subchannels is selected based on one or more selection
criteria for transmitting control information from an access point to the respective user
terminal. Control information is transmitted from the access point to a user terminal on
a particular subchannel selected for the respective user terminal. At the user terminal,
one or more subchannels are decoded to obtain control information designated for the

user terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011) The various features and aspects of the invention can be understood from the
detailed description set forth below in conjunction with the following drawings, in
which:

[0012] FIG. 1 shows a block diagram of a MIMO WLAN system in which the teachings
of the invention are implemented;

(0013} FIG. 2 shows a layer structure for the MIMO WLAN system;

[0014) FIG. 3 is a block diagram illustrating various components of an access point and

user terminals;



user termnals; WO 2005/ 055527 PCTUUS2004/038198 4 [0015] FIGS, 4A, 4B and
4C show a yBReoskidkdrame structure, an FDD-TDM franme st r petrurs2004208k9810
FDD- CDM frane structure, respectively; [0016] FIG 5 shows the TDD TDM frane
structure with five transport channels - BCH, FCCH FCH, RCH, and RACH
[0017] FIGS. 6A and 6B illustrate various PDU formats for the various
transport channels; [0018) FIG 7 shows a new FCCH structure, in accordance

wi th orl80Miodi meAGSefAL AB andifeshovon TOIHIPHM frang stgictirewan EDPHBRAMuirage am of

a nmethod, in, accordance i | en . the invention; and (0020)
FIG 9 shows'§ tf’feo\%ﬁﬁf"bswmegﬁgraﬁggg—g#tﬁ%’%ersg%fé]sv I'n accordancé with one
enbodi npete) of t herIGN\sestidwan the DEDA-TBNI Bah{eRbdlidiéR Wik Zive thpvRrdhannels -

"exenplary” is used herein to nean "serving as an exanple, instance, or

i |1 ustrati oBCHAGCHnBCH;, REH, apd Rideilgn descri bed herein as "exenplary" is

not n arily be .canstsdle err I oys.. Qve r
erbodi HEPTS o daGiSgme PR R VR, BB R YRl T Rb i cn
t he teachi nghasdeld;he present invention are inplenmented. As shown in FIG 1,
M MO WLAN system 100 includes a _nunber of access points (APs) 110 that
suppor t[08imuni cdtlilor shews a nawrife¢H struetywsy in acsprdapes With gpe pmbodimenpef the
sinplicity, ig{?%x%ioﬁ'\m access points 110 are shown in FIG 1. An access point
may al so be referred to as a base station, access controller, or

comruni[gag9]on COrEIGo I8l showb @rflivi diaghi? 8 a Wiethiod, & Bidoedancd A0thramy dnsbodimerr sed
t hroughout the system Each user termnal may be a fixed or nobile term nal
that can corfhifg dxemiof; ead t he access point. A user terninal may al so be
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user e nt (UE), "a W rel ess or sone er term nology herern.
Each user t esnibodbhentayf theaavemionate with one or possibly nultiple access
points on the downlink and/or uplink at any given nonent. The-downli nk
(also called forward link) refers to transm ssion fromthe access point to

the user termnal, and the upli ”bli{'ﬂiﬁfEDDESCRIPTION

{0021} The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment or design described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[0022] FIG. 1 shows a MIMO WLAN system 100 in which the teachings of the present
invention are implemented. As shown in FIG. 1, MIMO WLAN system 100 includes a
number of access points (APs) 110 that support communication for a number of user
terminals (UTs) 120. For simplicity, only two access points 110 are shown in FIG. 1.
An access point may also be referred to as a base station, access controller, or
communication controller herein.

[0023] User terminals 120 may be dispersed throughout the system. Each user terminal
may be a fixed or mobile terminal that can communicate with the access point. A user
terminal may also be referred to as a mobile station, a remote station, an access
terminal, a user equipment (UE), a wireless device, or some other terminology herein.
Each user terminal may communicate with one or possibly multiple access points on the
downlink and/or uplink at any given moment. The downlink (also called forward link)
refers to transmission from the access point to the user terminal, and the uplink (also

called reverse link) refers to transmission from the user terminal to the access point.



called reverse link) refers to transm ssion fromthe user termnal to the
access poiwh-2004ds24395/ 055527 PCT/ US2004/ 038198 5 [ 00241 plcyiid26e4/038108.CCESS
poi nt 110a communi cates with user term ng s 120a through 120f, and access
poi nt | 10b comuni cates with user term nals 120f through 120k. Dependi ng on
the specific design of system 100, an access point may comunicate with
multiple user termnals sinmultaneously (e.g., via multiple code channels or
subband€)24br sedudiiGi d| hgcese pgint 1V Da communishtes twithe usdrdemhinalat 128aythrguglen
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term nal mayLB&N)es widpada nefwork (WAN), thel Intusdt) 4 puslaeswitchad teleghdne aetwatkt i pl e
transmt/receive antennas for data transm ssion and reception. The nunber
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mul ti-antenna access point and nulti-antenna user )
control of communication with the user terminals served by these access points, and so

on. The MIMO WLAN system as shown in FIG. 1 may be operated in various
frequency bands (e.g., the 2.4 GHz and 5.x GHz U-NII bands), subject to the bandwidth
and emission constraints specific to the selected operating band.

[0026) In one embodiment, each access point may be equipped with multiple transmit
and receive antennas (¢.g., four transmit and receive antennas) for data transmission and
reception. Each user terminal may be equipped with a single transmit/receive antenna
or multiple transmit/receive antennas for data transmission and reception. The number
of antennas employed by each user terminal type may be dependent on various factors
such as, for example, the services to be supported by the user terminal (e.g., voice, data,
or both), cost considerations, regulatory constraints, safety issues, and so on.

[0027] For a given pairing of multi-antenna access point and multi-antenna user
terminal, a MIMO channel is formed by the Nr transmit antennas and Ny receive
antennas available for use for data transmission. Different MIMO channels are formed

between the access point and different multi-antenna user terminals. Each MIMO



termnal, a MMO channel is fornmed by the NT transmt antennas and NR
receive agbenwsassavail able for use for data transm ssi opctTiis20@reesos M MO
channel s are forned between the access p(gi nt and different nulti-antenna
user termnals. Each M MO WD 20051055529 PCT1U520041038198 6 channel may be
deconposed into Ns spatial channels, with NN. 5 mn (NT, NR). NS data
streans may be transmtted on the NS spatial channels. Spatial processing is
requi red at chanmed amyberdeaoiiposed into Nrespatiad chivmejsewithr Ne & main V.t NahsMstater i n
order to transmt nultiple data streans on the NS spatial channels. d£|'§028]
The Ns spat i Wieambmaydiegranamitted orethie Aospaial shannelgo deprtial progessing bt tequiredmii s
depends on various fagtors such as ) ther. gr. not .spatial, processing was
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recei ver was successful in orthogonalizing the spatial channels. If no
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or t hogonal i zgehdrramfHittéttdobairfieeiEeasl sphtid) cRihneR BAIDNWhetheSHaE eheBphtidix f or
the M MO channel, as described in the aforementi oned U.S. Patent

Appl i cat i on.Presssiag gt beth thautsensmiver and the receiyer yasaivceesstd imeorthogonalizieg dhe
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dependent onsra’#ﬁ@ crhﬁﬁrr’%s;r %?ggﬂﬁgﬁﬁé%egesﬁ% %y[léeg}%’g@eé %gfﬁﬁg%‘r&ﬁgérh% r%gﬁhgnd t he
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antennas and the user termnal antennas. If a user termnal is equipped

with one ant@Hw@gonalfieAne Motheur ant ennas at the access point and the single
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from mul ti pleurbbensfraritennas employed by that user terminal and the characteristics of the

wireless MIMO channel that couples the access point antennas and the user terminal
antennas. If a user terminal is equipped with one antenna, then the four antennas at the
access point and the single antenna at the user terminal form a multiple-input single-
output (MISO) channel for the downlink and a single-input multiple-output (SIMO)

channel for the uplink.

(0030} The MIMO WLAN system as shown in FIG. 1 may be designed and configured
to support various transmission modes, as illustrated in Table 1 below.
Table 1
Transmission modes Description
SIMO Data is transmitted from a single antenna but may be received
by multiple antennas for receive diversity.
Diversity Data is redundantly transmitted from multiple transmit
antennas and/or multiple subbands to provide diversity.
Data is transmitted on a single (best) spatial channel at full
Beam-steering power using phase steering information for the principal
eigenmode of the MIMO channel.




antennas and/or nultiple subbands to provide diversity. Data is transmtted
on a singlwobb@sikiszgpati al channel at full Beam steering peay@nodspisigs phase
steering information for the principal e.}genm)de of the M MO channel. WO
2005/ 055527 PCT/ US2004/ 038198 7 Data is transmtted on nmultiple spatial
channels to achieve Spatial multiplexing higher spectral efficiency. [0031]
The transm ssion mmdes aval le for us ' ‘ i r
each user ferninal are depehBatatis Gansnidechoimmultipde spatiekehannele pachieyd at | t he
user terni nal SPatighPLRIPEX R 5 .tEe &%r DS Q) modes available for diffprent
term nal types for the down li"ﬁ e @%Flﬁ%ﬂ g‘ssum’ ng nultiple (e.g., fpur)
antennas at the access point. Table 2 Downlink Uplink Transm ssion nodes
Single- Multi- Single- Milti- antenna user antenna user antenna user antenna
user tdpddthal t erFhertsdnsminsianmpdaseavailable formsgdor te dooudink mnyl/upknk fo¢ ¢ach S| MO

l'ink) D jty X X , B t ' X X S ' | tipl ' X X
[0035] | n" ArSEnisamrL R depRdeRt R G ALy B Antearton SPEiouibal T isPr EEIGL]
partition thgppvergdl By HaBhRABH WMEAd? dvaliavie for idErenl driNial AvhOBRNAE

subbands. These subbands are also referred to as tones, bins, "or frequency
channel s. Wdawntiibind uplindh assubbing thuitipleésg clont)agtannahatshe acspescpdinte
subcarrier that may be nodul ated with 'gafpgea'l For a M MO systemthat utilizes
OFDM each spatial channel of each subb may be viewed as an i ndependent

transm ssi off channel wher € THe conpippwnlimkn assdci at ed ygjfakeach subband is
effectively{constant across the subband bandw dt [00331 1 n _one enbhddi ment,
the system h}a’ﬁmnsdﬁssimmnoﬂes par Singlened i Multi64 grt Sogleral | sublnds |(i.e.,
NF = 64 ), which are assigneq indices of -32 to +31. O thqse, 64
antenna user | antenna user | anfenna user | antenna user
terminal terminal terminal terminal
MISO (on downlink)/
X X X X
SIMO (on uplink)
Diversity X X X
Beam-steering X X X
Spatial multiplexing X X
[0032] In an embodiment, the MIMO WLAN system employs OFDM to effectively

partition the overall system bandwidth into a number of (Nr) orthogonal subbands.
These subbands are also referred to as tones, bins, or frequency channels. With OFDM,
each subband is associated with a respective subcarrier that may be modulated with
data. For a MIMO system that utilizes OFDM, each spatial channel of each subband
may be viewed as an independent transmission channel where the complex gain
associated with each subband is effectively constant across the subband bandwidth.
[0033] In one embodiment, the system bandwidth can be partitioned into 64 orthogonal
subbands (i.e., N, =64), which are assigned indices of ~32 to +31. Of these 64
subbands, 48 subbands (e.g., with indices of £{1, ..., 6, 8, ..., 20, 22, ... , 26}) can be
used for data, 4 subbands (e.g., with indices of £{7, 21}) can be used for pilot and
possibly signaling, the DC subband (with index of 0) is not used, and the remaining
subbands are also not used and serve as guard subbands. This OFDM subband structure
is described in further detail in a document for IEEE Standard 802.11a and entitled



subbands, 48 subbands (e.g., with indices of { 1, ..., 6, 8, ..., 20, 22,
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di fferent ftu%g@ﬁ@pégm@%%t Hée spgation) of speh BRI YMPol js invers |r¢laq@ﬂawn
that fr eque'%ﬁé/ baflvibth! ofSact g:%ﬂ%ﬂdci%ﬁ i aedy, hﬂe"gﬁﬁ ty
p 5|gna ac $Tas
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distortion tie sydﬁaﬁwaﬁdwndﬂymm MHZ M,ae_— 6aecaab\mddw&ltmmlcachTE\ﬂabhﬂ igdBEr®rtion
degrades performance by inpacting the ability to correctly detect the
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repeat) for eac
frequencies of the overall system bandwidth. It is well known that frequency selective

fading causes inter-symbol interference (ISI), which is a phenomenon whereby each
symbol in a received signal acts as distortion to subsequent symbols in the received
signal. The ISI distortion degrades performance by impacting the ability to correctly
detect the received symbols. Frequency selective fading can be conveniently combated
with OFDM by repeating a portion of (or appending a cyclic prefix to) each transformed
symbol to form a corresponding OFDM symbol, which is then transmitted,

[0036) The length of the cyclic prefix (i.e., the amount to repeat) for each OFDM
symbol is dependent on the delay spread of the wireless channel. In particular, to
effectively combat ISI, the cyclic prefix should be longer than the maximum expected
delay spread for the system.

[0037] In an embodiment, cyclic prefixes of different lengths may be used for the
OFDM symbols, depending on the expected delay spread. For the MIMO WLAN
system described above, a cyclic prefix of 400 nsec (8 samples) or 800 nsec (16

samples) may be selected for use for the OFDM symbols. A “short” OFDM symbol
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The services and applications in the upper layers originate and terminate messages and
packets according to the semantics and timing of the communication protocol between
the access point and the user terminal. The upper layers utilize the services provided by
Layer 2.

[0040] Layer 2 supports the delivery of messages and packets generated by the upper
layers. In the embodiment shown in FIG. 2, Layer 2 includes a Link Access Control
(LAC) sublayer 220 and a Medium Access Control (MAC) sublayer 230. The LAC
sublayer implements a data link protocol that provides for the correct transport and
delivery of messages generated by the upper layers. The LAC sublayer utilizes the
services provided by the MAC sublayer and Layer 1. The MAC sublayer is responsible
for transporting messages and packets using the services provided by Layer 1. The
MAC sublayer controls the access to Layer 1 resources by the applications and services
in the upper layers. The MAC sublayer may include a Radio Link Protocol (RLP} 232,
which is a retransmission mechanism that may be used to provide higher reliability for

packet data. Layer 2 provides protocol data units (PDUs) to Layer 1.



subl ayer inplenents a data |ink protocol that provides for the correct
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The MAC subl ayer is responsible for transporting nessages and packets using
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i nterl eaves (itasoyrcase@Byend §88ymeriond sunilag Stngtiorsas datarourch 0B nktest earionsl dat a
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I nterl eaving provides tine, frequency, and/or spatial diversity for the

code bits. Tdata, sodandgsi thg inteddived, datnuito modulation symbrals. bEorpamplicityed ‘idaed on

control s gn.%lm%ow r%}leirg ?(9 a %Yod% artlllogosly}n E)l f?é:r)’?faff;lc-:xdata, and a “pilot symbol” refers to a
modulation symbol for pilot. The scrambling randomizes the data bits. The encoding
increases the reliability of the data transmission. The interleaving provides time,
frequency, and/or spatial diversity for the code bits. The scrambling, coding, and
modulation may be performed based on control signals provided by controller 330. TX
data processor 310 provides a stream of modulation symbols for each spatial channel
used for data transmission.

[0045] A TX spatial processor 320 receives one or more modulation symbol streams
from TX data processor 310 and performs spatial processing on the modulation symbols
to provide four streams of transmit symbols, one stream for each transmit antenna.

[0046] Each modulator (MOD) 322 receives and processes a respective transmit symbol
stream to provide a corresponding stream of OFDM symbols. Each OFDM symbol
stream is further processed to provide a corresponding downiink modulated signal. The
four downlink modulated signals from modulator 322a through 322d are then

transmitted from four antennas 324a through 324d, respectively.
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and perforns spatial processing on the rméul ation synbols to provide four
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recovered packet data, nmessages, signaling, and so on, which are provided

to a data simky B7inde secoyered pgeketdaraomessagesn sigohling, agdso por whigh tareprovided
processi ng. ,[00 . Fo e downl i at_each | ve user termnal 120, RX
spati al proéé§s‘é?ﬂl%§n§{§wtﬂ$eé‘§ Pﬁﬁf’%’%ﬁiﬁﬁé?’@{ggﬂ{ﬁpﬁ%ﬁ%mgﬁ?%‘n channel
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received SNRs, and so on. RX data processor 370 nay also provide the status
of each pacHKetthérestimaies ths davenlik tolobtaim odnpelkstatg, informatiasl (CSI). 3Bl €8bwiayes

the f cedback APEIAInFGRopSE s tliae FrBRed S Ave AT ol o Y AR prftES Pt faci
i nformation may PIBCHDHIRRE ME SathX sREAIDHAKRIFDe RBeivsdl ca theé aPRAK. A
processor 392 (if resent), conditioned by one or nore nodul ators 354, and
transnitted qy)ng:oume’f&Qr reggjves the channel state information and the packet/frame status and
determines the feedback information to be sent back to the access point. The feedback
information is processed by a TX data processor 390 and a TX spatial processor 392 (if
present), conditioned by one or more modulators 354, and transmitted via one or more
antennas 352 back to the access point.
(0050} At access point 110, the transmitted uplink signal(s) are received by antennas
324, demodulated by demodulators 322, and processed by an RX spatial processor 340
and an RX data processor 342 in a complementary manner to that performed at the user
terminal. The recovered feedback information is then provided to controller 330 and a
scheduler 334.
[0051] In one embodiment, scheduler 334 uses the feedback information to perform a
number of functions such as (1) selecting a set of user terminals for data transmission on
the downlink and uplink, (2) selecting the transmission rate(s) and the transmission
mode for each selected user terminal, and (3) assigning the available FCH/RCH

resources to the selected terminals. Scheduler 334 and/or controller 330 further uses



antennas 352 back to the access point. [0050] At access point 110
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denodul ators 322, and processed by an RXl3patial processor 340 and an RX
data processor 342 in a conplenentary manner to that perfornmed at the user
term nal . The recovered feedback information is then provided to controller
330 and a r 4. 0 t he
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data. Table_3 lists an exenplary set of frapnsport chanpels and also

provides a jbri efradspatichanmels f or| each transport Ddsunphbn Tabl e 3 Transpprt
channel s cH--pii-on—-Used-by-thel-access—porAt—to—t+ransHi—pi-tet—and—-syst em
Br oadcast Cf‘%l & BQ:?@ E$ rrg{;ﬁ[r 5| Yerdhydhe agsess p Eﬁ‘ﬂ‘t tﬁéta§sml9§é'8‘ yid HEMacchss
poi nt to al]'0CaE T EEBlY cles ttglfdrfg%wgl n*% Hﬁin'afék The resource
all ocation lInay be Forwar{d contr | pertor me on _a frane-by-frane basis.
Al'so used tjo channel proyide ackUswltgctgérewess‘prrmtrms:t;legaswsemees/@dthen the
RACH. Used jpy the access poi nt t&ﬁ ra_rrrllirri t user - %ﬁe%rcf)rrge gl] ta. mt r%at rgg user
uplink. The resou i
terninals 4rpora05£cont%l F ef er enc@W1Pinkapd up | y
hannel FCCH | performed on a frame-by-frame basis. Also used to
channe
provide acknowledgment for messages received on the
RACH.
Used by the access point to transmit user-specific data
to the user terminals and possibly a reference (pilot)
Forward channel FCH | used by the user terminals for channel estimation. May
also be used in a broadcast mode to send page and
broadcast messages to multiple user terminals.
Random access RACH Used by the user terminals to gain access to the system
channel and send short messages to the access point,
Used by the user terminals to transmit data to the access
Reverse channel RCH | point. May also carry a reference used by the access
point for channel estimation.
[0053] As shown in Table 3, the downlink transport channels used by the access point

includes the BCH, FCCH, and FCH. The uplink transport channels used by the user
terminals include the RACH and RCH. It should be recognized by one skilled in the art
that the transport channels listed in Table 3 represent an eXemplary embodiment of a
channel structure that may be used for the MIMO WLAN system. Fewer, additional,
and/or different transport channels may also be defined for use for the MIMO WLAN

system. For example, certain functions may be supported by function~specific transport



Forward channel FCH used by the user termnals for channel estimation. My
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multiple user termnals. Random access RACH Used by the user termnals to
gain access to the system channel and send short nessages to the access
point, Used by the user termnals to transmt data to the access Reverse
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For CDM the transport el's are transm
concurrently but each transport channel is channelized by a different channelizati

code, similar to that performed in a code division multiple access (CDMA) system. [
FDM, each transport channel is assigned a different portion of the frequency band i
the link.

{0057] Table 4 lists the various frame structures that may be used to carry the transp

channels. Each of these frame structures is described in further detail below.

Table 4
Shared frequency band for Separate frequency bands fc
downlink and uplink downlink and uplink
Time division TDD-TDM frame structure FDD-TDM frame structure
Code division TDD-CDM frame structure FDD-CDM frame structure
[0058) FIG. 4A illustrates an embodiment of a TDD-TDM frame structure 400a t!

may be used if a single frequency band is used for both the downlink and uplink. D;
transmission occurs in units of TDD frames. Each TDD frame may be defined to spai
particular time duration. The frame duration may be selected based on various factc

such as, for example, (1) the bandwidth of the operating band, (2) the expected sizes



concurrently but each transport channel is channelized by a different
channel i zawp 2065md6s27si milar to that perforned in a code dicTis200a/038198i pl e
access (CDWVA) system | FDM each transpgrt channel is assigned a different
portion of the frequency band I the link. [0057] Table 4 lists the various
frame structures that may be used to carry the transpl channels. Each of
these frame structures is described in further_detail below Table 4 Shared

frequency bdhelPD8s fosthe tarsppRedarrids adiaom cIn gengmli aishamer Gyne ARragietnl i nk

Code i vi'si STVl upedia Loy Holiedbt? pirgdC e dritoh Moy bEWRosB BIMKAGINES 0
i 11 ustrates saiteetdadeli smhioverthead Ty repMdséntaarsmatien fraction 40Qke tffamemayn lae used

if a single frequency band is used for both the downlink and uplink. D1
transm ssi orf iment; gach FiL3 framehapa ducaten of EMSAC-TDD frane may be defined to

Ul . . : I q

var oudOELE (. o By TICRA, 08 T MR L R B g R SRR prine O

band, (2) thmdexpplihk@phaiez Fhe\WowHiak/phaseSa TudtEt /Paftindd R tR8e sdzimdnnefoPDUs

for the transport channels, and so on. t}lpegwgéngr horter frame duration
F

l, a i
may provi de theHesdewlinkteansperh ghasnels 5 @%ﬁ%ﬁ“@l%ﬁi-i Bhe wplipkpbaseds e
fficient | I i f th
Frams. In onaing ERRFeadR QKCLGRRMsTBY Wl oSgfik Gusglh shiny b otk .o
As shown in #&nd®A@HA, each TDD franme can be partitioned into a downlink phase

and an uplink phase. The downlink phase is further partjtioned into three
segn”ent@g%r { hthersegmeb i 2R ‘@PWP"@H&%E‘F defingd,io b citheraifingfg

Upl i k-t rancupoRTRE T, afatle; ol thiu bt RRthee bt e W e, e
transport cheanbodimeray theeBGRF sepmuent ds defireedeiot hve @ filkid eliratbn; and ore BCCEL,
Uhe BOH seqriart. RCHdgr RAGH SeHagls 4 foned abe YA MRS Foort  FO
ceament T cach TEAEDRRE (OF LI frahonianid nfy bk A QI oS PE Mordhe
pr ot ocol datmotwnoltdaty RMSPDIUs) faritbdt ttanspostodetinet.h Imthelembodirméng skovan o Fiént
shown in Fi %A, a BCH PDU is transmitted in a first segment 410, an FCCH PDU is transmitted in a

second segment 420, and one or more FCH PDUs are transmitted in a third segment 430

of the downlink phase. On the uplink phase, one or more RCH PDUs are transmitted in

a fourth segment 440 and one or more RACH PDUs are transmitted in a fifth segment

450 of the TDD frame.

{0062} Frame structure 400a represents one arrangement of the various transport
channels within a TDD frame. This arrangement can provide certain benefits such as
reduced delays for data transmission on the downlink and uplink. The BCH is
transmitted first in the TDD frame since it carries system parameters that may be used
for the PDUs of the other transport channels within the same TDD frame. The FCCH is
transmitted next since it carries resource allocation (e.g., channel assignment)
information indicative of which user terminal(s) are designated to receive downlink data
on the FCH and which user terminai(s) are designated to transmit uplink data on the
RCH within the current TDD frame. Other TDD-TDM frame structures may also be
defined and used for the MIMO WLAN system.

[0063]) FIG. 4B illustrates an embodiment of an FDD-TDM frame structure 400b that
may be used if the downlink and uplink are transmitted using two separate frequency

bands. Downlink data is transmitted in a downlink frame 402a, and uplink data is



4A, a BCH PDU is transmtted in a first segnment 410, an FCCH PDU i s

transm tt esloizoosmssecond segnent 420, and one or nore FCHCRRIS00r088198
transmtted in a third segnment 430 of the downlink phase. On the uplink
phase, one or nore RCH PDUs are transmitted in a fourth segnent 440 and one
or nore RACH PDUs are transmtted in a fifth segnent 450 of the TDD frane.

[0062] Frame structure 400a represents, one arrange t of the variopus
transport GieBSAiied AR pplink frame Wan&acl‘rﬁwgnlgﬁ? gﬂfg&qﬁ}hff@'aﬁ YR deingdr ¢ ai n

benefits su r&?&q § r t SIS Sk A0 t ' and
upl i nk. Thquéﬁlﬁ} & ran%mﬁj]tﬂtE chﬁ?t}coﬁ’is(tc@,nﬁltrh%e@ﬁgoﬁsgﬁ l@ﬁﬁéggidtg 9/\@43#11} :lﬁ%
syst em par ansplifik $ratriegimayehe defined eslhavecthe tirae Blitdtionfand heayofubther be defimped to

channels within the sane_TDD frane, T FCCHSAj trﬁrnsm' tted next since it
carries res®gradigngd pbths: frame beupdaries, ver, diffgrent fpme dyrptionsgandiy non-

I ndi cative Qf: | G ' : | heV, I nk data
on the FCH %E\lgx%yn 'Eﬁugfgég E%%Bﬁg Esg ﬂ%?gggz)gi%gﬁéaﬁgt f%‘fﬁgﬁsaﬁp%‘mgﬁ'i nk data
on the [008H W t hiAs shoenauRIGnd B THe dommiiek fi@imeds paitiion&lirto shree sigmentsuioes nay

1T ust r at o (i (UROGHMTURE GFafrtreIoTTh 1B LR JET d5 A0BHPRATH YO be
used i1t he gl R (0GBt ERARERL! RE oSheH 6/Ehch BRASRKRAEARAVCNCY

bands. Downli ata Is transmtted 1n a rane 402a, upl 1 nk
data i s WO 2045b08hed tPERvd A3R2@d40r0a8a8le dution; amd maytbedused tamcaurplonalor f r ane

402b. Each downl i ndg uplink franme may be defined to span a particul ar
ti me durati dﬂorfgbgfs,f%ﬁﬂﬁ%&ﬁ‘)woﬁﬁﬁaﬁehpl icity, the downlink and uplink
frames gggg) e defth pgdehBodimest ShdGmSRPGIUE e YdwaliHk TRifne dHrkife4 B! PR, ned

to be aligned at the frame boundaries. However, different frame durations
and/ or non- aal FGE#d PDU,eand afnkset mdre aGHOBDWdain eegments 4190 420, wwd d30or t he

d i nk d | i . 1,006 h [ FIG 4B [ink f [
par L1 1 oned PRGN LG Wi Feehs s 48 or ot RESADRATRr IR Sp e BAGHhel s.
The upl i nk TRTROR ih SefAbd 440NGH 456, Oreb MR tiva9IMERTsSarfipeBf 9 pHBlidakne

transport channels. The segnent for each transport channel nay be defined
to have a f ibeeefitodescabedibbaede.gatreduced deldynfioy date trawsmissiony aPther FRR-TPM nor e

he. downl | nAPBCLAPELAR0 Bedetsy ano snchiaREr S ACANSYSF R tbiechs pois
i n segnment s wiiin t}{g%gop@mhéﬁg,cmiér@spect ively. The uplink frane carries one
or nore RCH PDUs and one or nore RACH

[0066] FIG. 4C illustrates an embodiment of an FDD-CDM/FDM frame structure 400c
that may also be used if the downlink and uplink are transmitted using separate
frequency bands. Downlink data may be transmitted in a downlink frame 404a, and
uplink data may be transmitted in an uplink frame 404b. The downlink and uplink
frames may be defined to have the same duration (e.g., 2 msec) and aligned at the frame
boundaries.

[0067] As shown in FIG. 4C, the three downlink transport channels are transmitted
concurrently in the downlink frame, and the two uplink transport channels are
transmitted concurrently in the uplink frame. For CDM, the transport channels for each
link are “channelized” with different channelization codes, which may be Walsh codes,
orthogonal variable spreading factor (OVSF) codes, quasi-orthogonal functions (QOF),
and so on. For FDM, the transport channels for each link are assigned different portions
of the frequency band for the link. Different amounts of transmit power may also be
used for different transport channels in each link.

[0068] Other frame structures may also be defined for the downlink and uplink

transport channels, and this is within the scope of the invention. Moreover, it is possible



PDUs in segnents 440 and 450, respectively. This arrangenent may provide the
benefits descri bed above (e.g., reduced delays for data transm ssion). O her
FDD-TDM franme structures nmay al so be defilfed and used for the M MO W.AN
system and this is wthin the scope of the invention. [00661 FIG 4C

Il lustrates an enbodi nrent of an FDD-CDM FDM frane structure 400c that may

al so be used {df FEERRNypBK o AdmdRlublirAfd? thé ADWRIAK @Ad WHliNK FePalaipt, a
frequency ban(?sL.lstet[.)tﬁ(;vml i nlypda'?a may be transmitted in a doa/nl I nk franeﬁe404a,

and upl i nk JEDM-besgdtfsarne aivaetine; mdyibe used fpt ihekdowalink 2ndie. CHNEbaseduitamek

and uplink franmes may be defined to have the sanme duration (e.g., 2 nsec)
and al i gned a‘im{‘:ﬂgef"fa&rp‘?“s ‘gfmg‘%‘r‘i’@&k'[ooan As shown in FIG 4C, the three

downl i nkpggkRNSPOr t [CHANERbSIRERL, KR S¥pbk @HanreRNGUIdEbddYabiove altCusd@we kértk
frame, and the two uplink transport channels are transmtted concurrently

in the uplinkvérromseypésoof @b andhenayr b spisgerizedainte | twof gioupsictominem Kraaspert
"channel i zed" wi tq di%f%&ent chann]gl Lzat jon codes, which may be Wal sh codes,
ort hogonal vaff2ABFis 28 AedicateliransPP Sh¥AFEE) codes. quasi - or t hogonal

functi ongpoedOF) , 2R RN riiRpofi Manidle ih' GHESRABAIARAN RS ifcideane BEF Nk
are assigned different portions of the frequency band for the Iink.

Di fferent anotift BCOH 420, amsRACH goddihestrgnsadrs chatyesls agsused fogenddiafafteprapgeive data

def 1 ned for ' TEmBubI R e Rftte i e G FCCR hmeh e e e PR Loy
the scope of jdift dsvEME idPfersitVOhE e0n thetuplifik 186 RATHE cdfbe transssigtedlby fhRrneat

types of frane structure for the downlink and uplink. For exanple, a
TDM based f r ateemigalsuising &e hggmissceniogdnddsr (i swppeadethby Me uses tsmam bBeeBCH: ane

ransport chamareomtugbied RpuPiRlme N b8 eSS Rk ive ol proces

data and may fpe BEHegeduE afly hodiohMinfpaaisi. 8.6 Wesutited am siee idetailh deloed, sheand
dedi cated transport channels. [0070] The common transport channels, in gne
embodi ment, nBYCHnipperd rewEpiBapfes Aq gllow der-gueaigr efficienexcriiaghoratqheis'gate set

h | , iy: 1
LserFor i nat DAy A RACVIR £ BRACHAL Bodd L GPESUEE {fble) MET FtibIR ©
usi ng the di vebgilatiomsuthemeOn the uplink, the RACH can be transmtted by the

user termnals using the beamsteering node (if supported by the user
t er mi nal P078he BcHIhE dedipated Seanspart channglsy i Re fembadimgnte iedidente FGH 438er

termnal s can,§RER| ¥R, FA&eRFAGSH Schannels are normally used to send user-specific data to or by
specific user terminals. The FCH and RCH may be dynamically allocated to the user
terminals as necessary and as available. The FCH may also be used in a broadcast
mode to send overhead, page, and broadcast messages to the user terminals. In general,
the overhead, page, and broadcast messages are transmitted prior to any user-specific
data on the FCH.

[0072] FIG. 5 illustrates an exemplary transmission on the BCH, FCCH, FCH, RCH,

and RACH based on TDD-TDM frame structure 400a. In this embodiment, one BCH
PDU 510 and one FCCH PDU 520 are transmitted in BCH segment 410 and FCCH
segment 420, respectively. FCH segment 430 may be used to send one or more FCH
PDUs 530, each of which may be intended for a specific user terminal or multiple user
terminals. Similarly, one or more RCH PDUs 540 may be sent by one or more user
terminals in RCH segment 440. The start of each FCH/RCH PDU is indicated by an
FCH/RCH offset from the end of the preceding segment. A number of RACH PDUs
550 may be sent in RACH segment 450 by a number of user terminals to access the

system and/or to send short messages.



the BCH wi t hout any additional information. As described in more details

bel ow, the FCCH support nultiple rates to allow for greater efficiency.
Each "rate" or "rate set" may be associafed with a particular code rate (or
codi ng schene) and a particular nodulation schene. (00711 The dedi cated
transport channels, in one enbodinent, include the FCH 430 and RCH 440.
These transport channel s, are nor used .t.o send user-specific. data to or
by spe[:qoﬁlc user WB?WWQPQ@WH&@%%“WY ASECSTROAH (R PS4 RSPEd t o
the user tegmma'm PIES EHRPE teR Pardhe @Al BB hiSer (EASINEISH THRbeadROpilR i¢1Sed
in a broadcaSt node to send overhead, page, and broadcast nessages to the
user term nabsed HYynthgesertafminalsiie acyuirersastdm tpaigg, andftbquenryd cBst MBMEspilpdds ar e

transmtted prior to any user-specifi dat t he FCH. 07 FIG 5

1 Tustr at es Bipdchoeti GPY afR A R Ghigiete e MMBLefatpeltiarmen y "R alce plinion
based on TDD bW ok laAABRK&F bWal aHt@ndfOThe k%:térﬁ'p%rﬁﬁé@&g's?@&fy vaHyRs BithbutBDbt 510
and one FCCH PDU 520 are transmtted in BCH segnent 410 and FCCH segnent

420, respect thealoynlinkland axplink trangoissians. Héorexampleo sigee theohwatmns @b the , PDUs
530, each of ' y be_intended for a specjfic user termnal. or ltiple
user terni ng&@ %(gﬁt 3‘?‘?{7{,&'&)%3"6?”%855@’ CPBSS YR %f?"‘ﬁ@fss@ﬂi Sﬂfﬁﬂ%;r‘i ® or
nore user t gnBibsiledch Bf fRetd FRERRRToHAL curddit THR Hanfefar€ s ifbe/BeGH PDU i s
i ndicated by an FCH RCH offset fromthe end of thEUprecedl ng_ segnent. A

1

nunmber lﬂmmACH PDEEG. $80illustratoe asew;qudhnmcrﬁ %Gyﬂﬁ 459 dy thisremnsiment, user
i . . L 175 10073
one enbodi roREH PRY SREinelHE ErpeRonBe 230 SplintedBS FERGT 16 2 Pttty "

pilot, a M Mpyiich®h( faRBerSisiuess PBEROE pR6SpdrAon BE2 Whdh MEVIOI iRk portibAes ilFeacon
pilot is wused by the user termnals to acquire systemtimng and frequency.

The M MO pi | Borticp 612 sertiesy heaeonpitot andhas afixed dusatest ¢fidi, = 8asccM BaDiemélinel
formed by the access point antennas and their own antennas. The system

par anmet ers spaoes § MEBMOqilot and hasoafized duratiorhel Tawr 32aksean Porpin flie carries a
transm ssions. For exanple, since the durations of the FCCH, FCH, RACH, and
RCH segment sB&Hemgssape pnd hag ¢ fixeq duiakion af dee od O se6at A Prastils mayde ysediit h of
each of these segnents for the ctjrreg} T%bfurame areg nt in the BCH. [0074]
FIG 6A illu¥" LTIROEEBEH Mehi{of SnUBERMSHIRTaTRALion, A Reacq hiRiicRERESES BCH
PDU 510 i ncl yleicasep o G at%r%‘n%lﬁﬁﬂ_t MdaiTRSS #9% BN thnORicGhennky eanbl €
portion 610 further includes a Beacon pilot portion 612 and a M MO pi | ot
portion 615. MIMO pilot comprises a specific set of modulation symbols that is transmitted from all

transmit antennas with different orthogonal codes, which then allows the receivers to
recover the pilot transmitted from each antenna. Different sets of modulation symbols
may be used for the beacon and MIMO pilots.
[0075] In one embodiment, the BCH message carries system configuration information.
Table 5 lists the various fields for an exemplary BCH message format.
Table 5 - BCH Message

Fields/ Length

Parameter Names (bits) Deseription
Frame Counter 4 TDD frame counter
Net ID 10 Network identifier (ID)
APID 6 Access point ID
AP Tx Lvl 4 Access point transmit level
AP Rx Lvl 3 Access point receive level
FCCH Length 6 Duration of FCCH (in units of OFDM symbols)
FCCH Rate 2 Physical layer rate of FCCH




Portion 612 carries a beacon pilot and has a fixed duration of Tcr = 8, usec.
Portion 6Nhyo 20es0s523 a M MO pilot and has a fixed durati eoTods2004703828 U sec.

Portion 616 carries a BCH nessage and ha
A preanble may be used to
A beacon pilot conprises a

i nformati on.
that is tran

smited fromall

send one or

ransm

18

no

Aant ennas

a fixed duration of TB,
types of pilot and/or other
specific set of nodul ati on synbols
A_MM) il ot

comri ses

=40#secC.

specific set

KCHAwdgthat i on sy

h.di £ffaoraont

hboPs t

ool

hRuratien of EGEin veits ofGADM $ymbolins i

i

antennas wt
recover the

k=t o
vTr UTTry

CHiLengiih:

o
\v A} T O

frém e

e_g - ‘V‘defl
LPfratinn af,

G s

of oM g "

to

nodul ati on s
one enbodi me

ot 7 smtted
RACH ety

ed 10l
e carr

Diiration oP R ATH (N OF RACH sloly /o 1

es systemconfiquration |1 nformtion

-

Table 5 |ist
5 - BCH Mess
Counter 4 T0O
Access point
poi nt receiv

e us

nessa
s the various fie
PRACH-Slet 858 Leng
D franme counter

KA PR

ds for

[ h Resc
Net | D

[i ption Paraneter
neymeal8dor k i denti f

Boragise wpeathyR BCH simsagdtsfof ORDM Ta

Nanes (bits) Fram
ier (ID AP IDG6

Dl e

D

b ¢ Dy

e E

[

T AR R TV 3 ACT
or RACH ¢ " orpu

synbols) F
PCTI US2004/ 0

ciRiFefix DiYatidhd
8198 18 FCH len

qyer
th 9

CotIR prefix Gadaidg 2005/ 055527
Dhration of FCH (in units of OFDM

synbol's) RQ
Length 5 Dur
slot (in uni

H Legth 9 Durati
bPagsBibf RACH (in
[ s of OFDM RACH

bn of R
unilt s
Sl ot Si

bf,l,RACH sl ot sgsaDur

CH0"(% pagerhessagsf seQFOVFEYITh O )
A ation of each RACH
rer 7 B9 AP LySsagmisn

RACH

GQuard Interval 2

Quard interv
duration "0"

~

[0076]

[0077]

AT —ar tne end of RACH Oy 8 Lo 38t dsKmehNagE S ok FEXET 1 C pref
Brdad&Rt BRssage s Er\nt 1on FCH
“1" = no broadcast message sent
RACH . “0” = RACH acknowledgment sent on FCH
Acknowledgment Bit “1” = no RACH acknowledgment sent
CRC 16 CRC value for the BCH message
Tail Bits 6 Tail bits for convolutional encoder
Reserved 32 Reserved for future use

The Frame Counter value may be used to synchronize various processes at the

access point and user terminals (e.g., the pilot, scrambling codes, cover code, and so

on). A frame counter may be implemented with a 4-bit counter that wraps around. This

counter is incremented at the start of each TDD frame, and the counter value is included

in the Framc Counter field. The Net ID field indicates the identifier (ID) of the network

to which the access point belongs. The AP ID field indicates the ID of the access point
within the network ID. The AP Tx Lvl and AP Rx Luvl fields indicate the maximum

transmit power level and the desired receive power level at the access point,

respectively, The desired receive power level may be used by the user terminal to

determine the initial uplink transmit power.
The FCCH Length, FCH Length, and RCH Length fields indicate the lengths of
the FCCH, FCH, and RCH segments, respectively, for the current TDD frame. In one

embodiment, the lengths of these segments are given in units of OFDM symbols. The
OFDM symbol duration for the BCH can be fixed at 4.0 usec. The OFDM symbol
duration for all other transport channels (e.g., the FCCH, FCH, RACH, and RCH) is



Page Bit 1 "1" = no page nessage sent "0" = broadcast nessage sent on FCH
Broadcast Bit 1 "1" = no broadcast nessage sent RACH 1 "0" = RACH

acknow edgrment sent on FCH Acknow edgnent. Bit "1" = no RACH acknow edgnent
sent CRC 16 CRC val ue for the BCH messag Tail Bits 6 Tail bits for

convol utional encoder Reserved 32 Reserved for future use [00761 The Franme
Counter value may be used to synchroni ze various processes at the access
poi nt and usedriabkr mdidépende og. the tsklectpd lcytlic prfixmiwhicty iscspbeifiedcny dre Cypadie, and

round, Thi sPreBBFIon el hg ROCPLRRATeLaciinles % hiccisen Frdhe FEGHLSr 1P

counter val et TS tgdgd in the Frame Counter field. The Net ID field
i ndi cat es tﬁ@rﬁ te?l‘t?:jfi?ler (ID) of the network to which the access point
bel ongs[007ie AP | Thd RAGH iLedpthafidd indieateDthef length ofdbe RAGHI segmend, twlhiich ishe

network 1 D. The AP Tx d. AP vl fields.ipndicate the i

transmit powlel B\/'Hptsé}ﬁi‘%ﬁg ﬁ%‘éi %8 P’é’@@?\?&e %V\qui&)é?f ‘Saﬁ“’% %&%QH

poL Nt FESPSHl S}é@g}éld,-m%nﬁ?%ﬁ CHEDMESRIGR. PEERACTY SuafPiht&9a1usad iRlicaidie
user termnal to determine the initral uplink transmt power. (0077] The
FCCH Lengt h, thE@rhouetgf time detvécHhe dasy RAGH slad sind ki start eof tthe BIGHh segmend for t he

FCCH, FCH, and R(ﬁ:@s%nents, respectively, for the current TDD frane. |In one
enbodi ment, PH&SY @Y t hese segnments are given in units of OFDM

symbol sgpfgie OFDM@PHg@hsndﬂﬁ@tﬂrmcmrBﬁ higdiBGE veiihdorf ﬁe&eﬁbgetméssg%:e%eﬁm The
OFDM synbol® duration Tor all other transport channels (e.g., the FCCH, FCH,
RACH, and ROMpadcastiifessagasi edspestianky, arepeingsseonon the K aw theocurseot TPDhirashe.x

whi ch i ified by.th lic. Prefi tion field. .The F field
ol oat os L riheses S ity Ty Bhserpisete 1o ghctk DB e, o T GBAGR The
RACH Lengt h Aéﬁﬁl&dﬁé&@%mﬁﬁﬁw& evtiter of nbﬂ&&%ﬁlég?ﬁﬁﬁﬁ%r PWsCdRni &n thi ven

in units of RACH sl The duration of eac sl'ot is given by the RACH
Slot Size fiRAEH inrprion DD famerBw bejngsenton thaFURATH thaandentklRPfeame i el d

it Rgi Egﬁgﬁodﬁrgﬁt amjean%f figlid%clg és\l\faé lemle ?31:[ th'gAcn ircsheh %ggsatgg.e T?lgsaékCOf
value may be used by the user terminals to determine whether the received BCH
message is decoded correctly or in error. The Tail Bits field includes a group of zeros
used to reset the convolutional encoder to a known state at the end of the BCH message.

[0081] As shown in Table 5, the BCH message includes a total of 120 bits. These 120
bits may be transmitted with 10 OFDM symbols. Table 5 shows one embodiment of the
format for the BCH message. Other BCH message formats with fewer, additional,
and/or different fields may also be defined and used, and this is within the scope of the
invention.

[0082] In one embodiment, the access point may allocate resources for the FCH and
RCH on a per frame basis. The FCCH is used by the access point to convey the
resource allocation information for the FCH and RCH (e.g., the channel assignments).

[0083] FIG. 6B illustrates an embodiment of FCCH PDU 520. In this embodiment, the
FCCH PDU includes only a portion 620 for an FCCH message. The FCCH message
has a variable duration that can change from frame to frame, depending on the amount
of scheduling information being carried on the FCCH for that frame. The FCCH
message duration is in even number of OFDM symbols and given by the FCCH Length
field on the BCH message. The duration of messages sent using the diversity mode
(e.g., BCH and FCCH messages) is given in even number of OFDM symbols because
the diversity mode transmits OFDM symbols in pairs.



the next TDD frame. [0079] The Page Bit and Broadcast Bit indicate whether
or not paggotesEases and broadcast nessages, respecti velperagnedaesog sent
on the FCH in the current TDD frane. Th(e@e two bits may be set

i ndependently for each TDD frane. The RA Acknow edgnent Bit indicates
whet her or not acknow edgnents for PDUs sent on the RACH in prior TDD
frames are being sent on the FCCH in the current TDD frane. [0080] The CRC
field i [08B4ldes a IDR® embodiment, thehECER: dandeREmsmistedausing foir poGitde rajes. ukhenay
be used by the yser term.nals .m n ther the.receiv ssage
i s decoded CEWE*&‘”PS? Lﬁ?‘ﬂ%%ﬁ" F{;??P%@r"fﬁf‘& @ﬁﬁsﬁ?ﬂ’%}sd“i‘m'ﬁﬁ&égg%wof
zeros used Wpde9r&t intthe BCIMRk4kk OBath BOCPU e dofredpdfide i a phaicalartodd@iteend
of the BCH message. [0081] As shown in Table 5, the BCH nessage includes a
total of 120amy tas pafficeke mpdulatipn sschemye baadt isademhiert assoviated withOEDpartigulivol s.
Table 5 shows _one enbodi,nent of the format for the BCH nessage. O her BCH
message for nHPSTHFYP F80%:  additional, and/or different fields may also be
defi nedigaps) used, ARNECERT mebsagiinkdy Thelde REQRMeObr tnhdtipleNivBitiviaton elddded | n
one enbodi ment, the access point ray allocate resources for the FCH and RCH
on a per fraffEshaEreh inforanatioTi¢lérsentigray by assheiaigd ity a ppeeific ugerciemuiag! ane

resource allgcation jnformatiqn for the FCH and RCH (e. d.. nnel
assi gnnent s) _ma[y%&%@ ‘|9|RF§H§%"]?PHP8{°P6WC§§MQ’S ogﬂ}?oa&?lﬁg[%‘?n%f F%(&B%sg\%gs In
this enbodi mpsihattuder tefridatl. PEABIE BAsLARS vardug frRIdROfol bR Bx&mPlafyOFCEH miédshe
nmessage. The FCCH nessage has a variable duration that can change from

frame to fraf@wmatiependi ng on the amount of scheduling information being
carried on the FCCH for that frang,,The EQCH ssage duration is in even
"t e FEEH vERSER

nunber of OFDM synbol s and gi ven field on the BCH
message. The duraidds/OT MEYSEGRgthSENt using the diversity node (e.g., |BCH
and FCCH neqsages) is givenjin even |nunber of OFDNDesgription because the
di versity ngd®arametenNamesFDM &ytsbol{s in pairs. WO 2005/ 055527
PCTI US2004/ (38498—26106841+—++r aﬁfwﬂdgmsr‘ +he—CeHeahe—transr-tHed
usi ng four pg\gﬁbl e rates. the O%spedi¥#iB or 9f [Bs joghyded i the 1 °BB€F i n dach
TDD frame is Tndicated by W € BCH nessage. Each
FCCH rate corresponds to a Dé._yf;:-l cu adri%gg e ré{’gﬁhgﬂgmgﬁgérticul ar_nodul ation
schene and i|dEflypeher associjated w tiHEayparticul ar transni ssi on node.

MACID 10 ID assigned to the user terminal
Control Fields 48 or 72 | Control fields for channel assignment
Pad bits to achieve even number of OFDM
Padding Bits Variable
symbols in the FCCH message
CRC 16 CRC value for the FCCH message
Tail Bits 6 Tail bits for convolutional encoder
[0086] The N_IE field indicates the number of information elements included in the

FCCH message sent in the current TDD frame. For each information element (IE)
included in the FCCH message, the IE Type field indicates the particular type of this IE.
Various IE types are defined for use to allocate resources for different types of
transmissions, as described below.

[0087) The MAC ID field identifies the specific user terminal for which the information
element is intended. Each user terminal registers with the access point at the start of a
communication session and is assigned a unique MAC ID by the access point. This

MAC ID is used to identify the user terminal during the session.



[0085) An FCCH nmessage may include zero, one, or multiple information

el enents BBgdspskash i nformation el ement may be associ atpeeydabddodspeci fic
user termnal and rmay be used to provide Lnformatlon i ndicative of the

assi gnment of FCH RCH resources for that 2liser terminal. Table 6 lists the
various fields for an exenplary FCCH nessage format. Table 6 - FCCH Message
Fi el ds/ Length Description Paranmeter Nanmes (bits) N IE 6 Nunber of |Es

i ncl udeqogss] t he FQGE @mﬁm&@mldd\hrleﬁxshdltcocmy@hameérasmgmnemaﬁfbrmmdmﬂirnbe | E

Type 4 | Etype MAC I D OIDaS| to t ser Con Ids48
o)r/p72 Cont)r/olusqu terpinat gpd @re, T’F§% %‘g Qﬁ%ﬂ%e Fb? ?a‘?‘g"&cﬁﬂseéﬁgé "ﬁu"hber
of OFDM Pad al ue
for the Foor et himbet 0B donyfine 8 5?%%?%?‘?&%@9;%0&%%086]
The N_I B fi eleder mdnb«ato&QHDM syutboly: Tie FCEIORA fiohl iatladesd €RChalluedthalt nay t he

FCCH nessage sent he current TDD frane. For each infor el enent
(1E) includdg ysad (HethEAsr Hsmunale 1o deigrmuge Nhsther; Fﬁ?%&ﬁ%@?%&sa&e 1s

particul ar type,ff éol?llcété}r E}; in \éHdroUpnd ﬁ‘a%ly@i%ﬁ@fdem@ﬁfdeg'%rc;soﬁsgﬁslﬁ &%t C!he

al |l ocate resources for erent types o transm ssi ons escri
bel ow. (0087 toftulutidial eridotiertioch kndemtstdte etsthe bed epihe IHOCH nessage e Somaaf tese

whi ch the info nt_is intended. Each user term nal registers
with the accé?’§£‘Jm ﬁ?sca'?e 1”3'u§{1%{,dpta§fbe W.communi cati on session and is
assi gf‘e‘i‘o@ﬁv”' que %w otﬂr hﬂﬁlsﬁ%ﬁ%ﬁ)’ﬂe?%@h%pomﬁ%é/OOS105552’W}LHFI‘%‘§3&& for

identify the user termnal during the sessio

PCT/ US2004/ 03k1BEH aad HB&bnd’ﬂueted:mﬂ‘abib lFlMdmdsvar mumecrnnmalanﬂwlm/aouhannel
assi gnnment m@orma.ﬂon for the__user t ? re c ed m@ﬂet ai |
bel ow. The PAHGIGHENBACONPGCHOY: THIP: Lﬂj'é‘gn 10 WP %9&8 A t s

so that the gIRCH lRoEtEs R diffifert ties TE &aRMisdidns2 Table 7 lists an exemplary set

of IE types.
Table 7 - FCCH IE Types
IE Size
{E Type . IE Type Description
(bits)
0 48 Diversity Mode Diversity mode only
| 79 Spatial Multiplexing Spatial multiplexing mode -
Mode variable rate services
2 48 Idle Mode Idle state - variable rate services
RACH acknowledgment —
3 48 RACH Acknowledgment
diversity mode
4 Beam Steering Mode Beam steering mode
5-15 - Reserved Reserved for future use
[0090] For IE types 0, 1 and 4, resources are allocated to a specific user terminal for

both the FCH and RCH (i.e., in channel pairs). For IE type 2, minimal resources are
allocated to the user terminal on the FCH and RCH to maintain up-to-date estimate of
the link. An exemplary format for each IE type is described below. In general, the rates
and durations for the FCH and RCH can be independently assigned to the user
terminals.

[0091] IE type 0 and 4 are used to allocate FCH/RCH resources for the diversity and

beam-steering modes, respectively. For fixed low-rate services (e.g., voice), the rate



even nunber of OFDM synbols. The FCCH CRC field includes a CRC val ue that
my be usg@ biksdskeyuser termnals to determ ne whether tpeg/uR6RI0se™s FCCH
nessage is decoded correctly or in erroh The Tail Bits field includes
zeros used to reset the convol utional £oder to a known state at the end
of the FCCH nessage. Sone of these fields are described in further detail
bel ow. [0089] A nunber of transm ssion nodes are supported by the M MO WLAN
system f or remmnFﬂadedlfdr teHurationi ofdthe £aldd Hon varahie rate sebricesy the ratg IDB\.E e

t erm nal ve hu types
of IE are déF eﬁlg 1*?49&’6‘&@“’8“?5%&?%39“?@f@?&%@é@ﬁ%‘is@‘ lgﬁ 't ypes
of transm sshORSH éFﬂht@HYPmU§ta§s1%fed%qmsef jerm@ial. ThbleR fitPefe vafiobé Hels -
FCCH EE Types |IE Size |IE Type ts) IE Type Descrlpt|on 0O 48 Diversity
Mode Diver smfyxnmmemlﬁ’ﬁymw“@mmmﬁ meRt.ng Spatial multipl exi ng node
- Mode variable rate services 2 48 Idle Mode Idle state - variable rate
services 3 48 RACH Acknow edgnent RACH acknow edgnent - diversity node 4
Beam St eeri ng Mbde Beam steerlm@]ggdepc@m@Tyﬁ@mw&d Reserved for future

use [0090] Eor lE types 0, 1 sources are allocated to a specifjc
user term nbl for Fields/ t he FCH H (i.e., in channel, pairs). For IE
type 2, min resourcges are al(llbo atled to the usd?es€BPHPRal on the FCH and
RCH to nai n} ai ‘ﬁBmFg’ eSSt i meP8hf| the link. An exenplary format fpr

each IE typ Bc;e,&escrlbed berToW. T§ geNmE fhe (he rates and duratrons fpr
t he FCH and can be independently assidr d to the user termipals, [P091]
|E type O apMiAC Hbe used to all ocal(b CI’étﬁﬁbtar}eﬂbassmdt@metUse‘tdrrmaabl ty and

beam st eer | r:1 n':nr]_ng Jﬂcnnpi J_\L fivad l.ower a-—carvulonc

“Troorey

voice), the {:ﬁgei%fx\lgf 2005/ 055527 PC;/ U:SZBGQ/%%'E@B"’W?%&@) f%&"@d- for|the

duration of For vari able“ratle 150) bl rate may be selefted
I ndependent|y for the FCH and FJtCH. The %g—| I@%?Bngi cates the |location o

FCH Preamble Type 2 FCH preamble size (in OFDM symbols)
FCH Rate 4 Rate for the FCH
RCH Offset o RCH offset from start of the TDD frame
(in OFDM symbols)
RCH Preamble Type 2 RCH preambie size (in OFDM symbols)
RCH Rate 4 Rate for the RCH
RCH Timing Adjustment 2 Timing adjustment parameter for RCH
RCH Power Control 2 Power control bits for RCH
[0092] The FCH and RCH Offset fields indicate the time offset from the beginning of

the current TDD frame to the start of the FCH and RCH PDUs, respectively, assigned
by the information element. The FCH and RCH Rate fields indicate the rates for the
FCH and RCH, respectively.

[0093} The FCH and RCH Preamble Type fields indicate the size of the preamble in the
FCH and RCH PDUs, respectively., Table 9 lists the values for the FCH and RCH

Preamble Type fields and the associated preamble sizes.



the FCH and RCH PDUs assigned to the user termnal.

Table 8 lists the

various fiwbdeos/@ks»@an exenplary |E Type 0 and 4 i nf or nmat ipgr/es20038198 Tabl e 8

FCCH | E Type 0 and 4 Fields!
| E Type 4 1E type MAC ID 10 Tenporary |

Lengt h

cription Paraneter
ssigned to the user term nal

Nanes (bits)
FCH

P33

offset fromstart of the TDD frane FCH O fset 9 (in OFDM synbol s) FCH

Preanbl e Type 2 FCH preanbl e size (in OFDM synbol s)

FCH Rate 4 Rate for the

FCH RCHOodjset fromstart of the TDD frame RCH Ofset 9 (in OFDM synbol s)

RCH Preanbl e Type 2 RCH preanbl e
the RCH RCH Ti m ng Adj ustnment 2

Power Control 2 Power
fields indicate the t
to the start of the F
i nformation el enent.
FCH and RCH, respecti
i ndi cate the size of
Table 9 lists the val
associ ated preanble s
Table 9 - Preanble Ty
OFDM synbol

[0095)

nbols) RCH Rate 4 Rate for

(iagrOF
~adf et ®parameter for RCH RCH

[CG ol
ne fs

DI}
a rom

ikiias:
ﬁsTO

RCH CH and] RCH O f set
he beainning of the cufrent TDD frame

CH ad R

velyl [0

CH RIDUs,
p93)0iThe

respe@ OFBM/symlssli gned | by the
' S— ' rates for the

Rat-6—f-elds—-ndi-cat-e~-t-he-
FCH arldOFeM smabghy| e Ty|be fields

he—~prea
lles or

| -
TOT L

he FCH

e Wgspect ively.
RCH ~Preanble Type f

zesz3 WO

20087 05

its Pre

hnd el ds and the
527 PED HoR3195 23 [00941

nble Size 0°00.0 OEDM $ynbol 1 01 1

e Type

The RCH Timing Adjustment field includes two bits used to adjust the timing of

the uplink transmission from the user terminal identified by the MAC ID field. This

timing adjustment is used to reduce interference in a TDD-based frame structure where

the downlink and uplink transmissions are time division duplexed. Table 10 lists the

values for the RCH Timing Adjustment field and the associated actions,
Table 10 - RCH Timing Adjustment

Bits

Description

00

Maintain current timing

01

Advance uplink transmit timing by 1 sample

10

Delay uplink transmit timing by 1 sample

11

Not used

0096}

The RCH Power Control field inciudes two bits used to adjust the transmit.

power of the uplink transmission from the identified user terminal. This power control

is used to reduce interference on the uplink. Table 11 lists the values for the RCH

Power Control field and the associated actions.
Table 11 - RCH Power Control

Bits Description
00 Maintain current transmit power
01 Increase uplink transmit power by §dB, where
Jis a system parameter.
10 Decrease uplink transmit power by §dB,
where Jis a system parameter.
11 Not used




2 10 4 Ok F 3 11 8 OFDM synbol s [ 0095] The |- LSt ment
field i ncwgg%s%g\%?bi ts used to adjust the timng of Rf?g%uﬁ:{ﬁ%w%k’

transm ssion fromthe user ternmnal ideBdified by the MACID field. This
timng adjustnment is used to reduce interference in a TDD-based frame
structure where the downlink and uplink transm ssions are tinme division
dupl exed. Table 10 lists the values for the RCH Timng Adjustnent field and
the associated actions. Table 10 - RCH Tim ng Adjustnent Bits Description
00 Mai[0a9%a} n cur rFhetchannel naysi@hmanty forctbe ugéritifiedt usan seriminal i may debprotidediml e 10

Delay uplink transmt tjmng by..1 sanple 11 Not. used [ 00 T RCH Power
Cont Lol "t i GREOHIBRIMASS N5 badinieR e dee R TReL i 3ot EaaiuE RIS IEouES | ro

i nk t T . it _ . . |
upltrn rafféﬁbdxﬁg 'tﬂé‘cﬁré@f’eﬁrdel% flaftent inf dnBhek SRbodigieRt, MR FCF?!;@}P&E@IM&%& ro

is used to redute I nt ce on the uplink. Table 11 ts the values for
the RCH Pasggnedomd rthe teiteingdl diod dable HOPo diaatee dntk tdanceded. Takbd eyef lanotheCH

Power Control, Bits Laoti.on 00 Maintain current transm ower Q1

| ncr ease uﬁm‘%’ﬁé"?%n@ﬁ'@ rW“@BﬁS,are\m%‘IgBe‘f‘ﬁ g‘eélsgﬂlmr%g?'g%f%?ith 10
Decr ease uptp b i Bs v L i te 11 Not
used vD 2000 DELEAS"Hh BRI IL S ces tRRED. tarRami B DI ARBA. e o
t he ident i fdiffetentstypes of mésigimendymine beindicated] by an AssigwmentriBiypeefield inrthan
enbodi nent, cﬁ}g#gser tergi nal is assigned FCH RCH resources for only the
current DB f’"ﬁ'ﬁm&ﬁ WY enbodi nent, the FCH RCH resources are

assi grnegshsj o t h: IF:%E?QR?J?S dsed t6ANBcalOBCH/RIB #3birke RN GRr 8mih s Xﬁﬁ)lgak]ﬂé’t her

enbodi nent, th : resources are assigned to the user termnal for
every n-t h spatb muyltiplexingimede. | $he edte forthesoouses termunalsis sariable resduhanbe of TDD

franes. Theselected independently for the FCH and RCH. Table 12 lists the various fields of an

exemplary IE type 1 information element.
Table 12 - FCCH IE Type 1

Fields/ Length
_ Description
Parameter Names (bits)

IE Type 4 IE type
MACID 10 Temporary ID assigned to the user terminal

FCH offset from end of FCCH
FCH Offset 9

(in OFDM symbols)
FCH Preamble Type 2 FCH preamble size (in OFDM symbols)
FCH Spatial Channel 1 Rate 4 Rate for the FCH for spatial channel 1
FCH Spatial Channel 2 Rate 4 Rate for the FCH for spatial channel 2
FCH Spatial Channel 3 Rate 4 Rate for the FCH for spatial channel 3
FCH Spatial Channel 4 Rate 4 Rate for the FCH for spatial channel 4

RCH offset from end of FCH

RCH Offset 9

(in OFDM symbols)
RCH Preamble Type 2 RCH preamble size (in OFDM symbois)
RCH Spatial Channel 1 Rate 4 Rate for the RCH for spatial channel 1
RCH Spatial Channel 2 Rate 4 Rate for the RCH for spatial channel 2
RCH Spatial Channel 3 Tate 4 Rate for the RCH for spatial channe) 3
RCH Spatial Channel 4 Rate 4 Rate for the RCH for spatial channel 4




different types of assignnent may be indicated by an Assignnment Type field
in the FGRO Joodiesssmmti on el enent. [0098] | E type 1 is usad1iuseddiaspse

FCH RCH resources to user term nals usi ng the spatial multiplexing node.
The rate for these user terminals is vari gbl e, and may be selected

i ndependently for the FCH and RCH. Table 12 |lists the various fields of an
exenpl ary type 1 infornation elenent Table 12 - ECCH IF Type | Eields/
Lengt h DescRCHtTmngndmm:ér quasZ(bi t's‘)mmgaﬂm@@nmtpaammfmm 10
Tenporary asstgfret—to—the—usgr—term =Gt —set—frotmert—of -CH
ofset 9 (RS symbol s) FCH Rreafbl e %ﬁn‘é"%&h‘t}ﬁ"éﬁﬁbl e size (in CFD\/I
synbol s) CH Spati al Channel I Rate 4 Rate tor the FCH for spatral channel

1 FCH Spatial Channel 2 Rate 4 Rate for the FCH for spatial channel 2 FCH
Spat i al[0@9annel FordE¢ypt Rabeerateofor edvh spalth! fcbanmep atay de seleated aideBendeatly Spat i al

Channel 4 Rate he, FCH for spatial chanpnel 4 O fset RICH

of fset fromt! é‘hgéé# 'Id@&&r '}@:'IBMIEV%‘BF %lﬁdqtqﬁrfﬁhﬂ’ﬁﬁ@aw&g?—'l’wgd?

size (in OF B t

spati ((all cha%?ﬁi{m%% at |p§g Hann@ﬁgp%tngl ZE,‘%R"E'?]:( r%rh@ i %{@ﬁ%pat i al
channel 2 R(th@nat‘drahe élmbudlﬁienB shicereindTatde 42¥. oThe hate RCEivED rpespgenrad)decitﬁannel
3 RCH Spati Channel 4 Rate 4 Rate for the RCH for spatial an

2005/ 055527 ‘EQ:*F DI HBIDCHEOETS SPatint PIRELISHAE P Hgnsipit data pn e%‘ﬁ“ﬁ?&&i gg'Fﬂi%"Fnent
paramet er T qg oRieh peRamehnieA e FERBINANIMBLY (4t d4BAbARO rafatic bifehgeRe L,

the rate for €ach spatlal chan may be | ected 1 ndependently on the FCH
and RCH Thendrnbhergeeireapérbormsithe bpatiabpesessg tohisolapand atcavat theplaex{forgthaode
S

non-steered spatial multiplexing mode).

[00100] The information element includes the rates for all enabled spatial channels and
zeros for the ones not enabled. User terminals with less than four transmit antennas set
the unused FCH/RCH Spatial Channel Rate fields to zero. Since the access point is
equipped with four transmit/receive antennas, user terminals with more than four
transmit antennas may use them to transmit up to four independent data streams.

[00101] IE type 2 is used to provide control information for user terminals operating in
an Idle state. In an embodiment, when a user terminal is in the Idle siate, steering
vectors used by the access point and user terminal for spatial processing are continually
updated so that data transmission can start quickly if and when resumed. Table 13 lists
the various fields of an exemplary IE type 2 information element.

Table 13 - FCCH IE Type 2

Fields/ Length

Parameter Names (bits) Description
IE Type 4 IE type
MACID 10 Temporary ID assigned to the user terminal
FCH Offset 9 FCH offset from end of FCCH (in OFDM symbols)
FCH Preamble Type 2 FCH preamble size (in OFDM symbols)
RCH Offset 9 RCH offset from end of FCH (in OFDM symbols)
RCH Preamble Type 2 RCH preamble size (in OFDM symbols)
Reserved 12 Reserved for future use




general in that it can specify the rate per spatial channel (e.g., for up to
four spatigly o6 g?ﬁl s for the enbodi nent shown in Tabl eﬁ)msza&%sﬁﬁﬁe i's

gi ven per el genm) e'if the transmtter performs spatial processing to
transmt data on the ei gennpdes. The rate® is given per antenna if the
transmtter sinply transmts data fromthe transmt antennas and the

recei ver perforns the.spatial processing to isolate and recover the data

(for t h@ouﬁfn St ey §fe S RAbidedlto Providenfriok agnowiddgmeftFoi O t&hﬁnalmtmnlimmlgon
el enent includes the rates for all enabl ed spati al hannel s and ni?‘z for

t he ones nottoeasaessdhe sysem vidthe Ré@iw prgalrbggceﬁ%@nt cﬁ!ﬁte{nr%i'n@nﬁef' Anas
set . the unuged B RELER0ALGR 2 A DRhiniIth S, b RhflSad RACH PDUBAGR uplifk.

access poi ntmfsssageqw ppé ansm /recel ve antennas,

term nal s W Afenbe &isé¢ltafmingldendd RIBACH HDUenm:mthesBaCHhemetemhleaﬁm t up

to four |ndce£endent data streans. [00101] IE type 2 js used to fOVI de

control i nf oRAEH éknovledaament Bikiinsgts Dye it isrﬁﬁt by the Rceess Pout 4t @ny Beran

enmbodi nent , I S
tgggfé\ggwg * \]E]ctcgs:s?]\g‘ ifak cés?xgk %hé g&ﬁt ¥ aﬁd %ﬁ %EEI?O\’?IE%&HQS b¥lﬁgts91'it

used by the user Ssin

continual |y forR€adaedos®uidiatmiiabloon HRNBOCHSI Ifrthmatm & st} t}ﬂultbekhserltémanai when
resuned. Table 13 lists the various fields of an _exenpl arﬁ lE. ty

i nfor mat i on proegsses the THTH fop acknowmdgdgmentrygnd op theFQGGH, TEchypen3 ¢ QEP?%“l on

the user  t or HERst S ptvent I o/ RGedt domdbBfes W beBuleb IR Gkl ABRREATRE |0,
FCH Pr eanmbl eRACIE PRUsCrbirthé tisdrerethingls (wxmo@F@Mlgwgm&ssmrcRCHmwesm lids R@H

of fset fromend of FCH (in OFDM Séznbm ) RCH Preanbl e Type 2 RCH preanbl e
si ze (in OFDKarpsbisldsyf aRéé@PE‘éEY TY.Pe iaforpation glement-ure use WD 2005/ 055527

PCT/ US2004/ 038198 26 [00102] ET&%?? iféCHSIEdI‘j 30rOV| de qui ck

acknow edgnent for user termnals a Ing to access the systemyvia_the

RACK To gai m accefgldd the ayﬁé@mdr to send a short nessage to the acgess
point, a us¢r _terminal may fransm t{ an RACH PDU oWesé¢riptigpn i nk. After the
user terninal Paearaeter NameacH b)) it nonitors the BCH to determine if tHe
IE Type 4 IE type
MAC ID 10 | Temporary ID assigned to user terminal
Reserved 34 Reserved for future use
[00103] A single or multiple types of acknowledgment may be defined and sent on the

FCCH.  For example, a quick acknowledgment and an assignment-based
acknowledgment may be defined. A quick acknowledgment may be used to simply
acknowledge that the RACH PDU has been received by the access point but that no
FCH/RCH resources have been assigned to the user terminal. An assignment-based
acknowledgment includes assignments for the FCH and/or RCH for the current TDD
frame.
[00104] A number of different rates are supported for the transport channels, Each rate
is associated with a particular code rate and a particular modulation scheme, which
collectively resuits in a particular spectral efficiency (or data rate). Table 15 lists the
various rates supported by the system.
Table 15
Rate Spectral Code Modulation | Info bits/ | Code bits/
Word Efficiency Rate Scheme OFDM OFDM




RACH Acknow edgenent Bit is set, This bit is set by the access point if any
user terngy o%%gszguccessful I n accessi ng the syst em ancgpcain@akinagiogdgnent
i s being sent at | east one user terrréJl"l on the FCCH. If this bit is
set, then the user term nal processes thé& FCCH for acknow edgnent sent on
the FCCH. | E Type 3 information elenents are sent if the access point
desires to acknow edge that it correctly decoded the RACH PDUs fromthe

user termngls w thout| agps@ir)ng resources. Table 14 |isghtbot he] \symbolis
fields of an..ex.&n&a;y t-Hon—eterert—TFabl-e—4—F o
Type 3 Fiellds/ 00€hgt H Des® ipti on Parangter mes j(bits) IEType’4IEtype

MAC | D 10 Terpotpary—tHB—=s et toUSET tEr M Reger  ReServgg 34 SERyed Tlor
future use [001@?? g ngl eZESI Iti?fe t esyo KacKnowIZl gman}: ma?gﬁe
defined and [senpoan tHe or exanpl g, aBpsKCck acknczqfedg
assi gnnment - based _ack Q\ALedorrent may be defined

be used to sl nplP1l ackinow kfige tjhat the RACH QmKhas beerd8r ece

?ngan'S?laP?I Rtn i‘se%grlé(hmrr;nt' bagg':'] ) cjkj:lﬁvf;déni; MQPEKI ué’; ao?@lgbr;;entsbﬁor the
rFSt-legng/r grs por;fed fdrTSLﬁeg'?Ir arllg);orI ggnne?yaﬂch p;{’r‘é@gri gr gg)?:%’?gfj
with a parti cuI anigode ratgsand fa pas@i culjar 16rQiMatf on $2hene} whigh
'(I:'glb: gCEL:SVIe! }s/ft{spgﬂ:lélt&vf II:LI mmd b@/QﬁfM sl st e_w_ Tabj e 1§2Raté
?]lg([a)(l\:/lt rC]zilDMCOV\% MW) iygﬁol synbol O gg
0.0 - off - 12748 64 QAM 192 288

1010 4.5 % 64 QAM 216 288

1011 5.0 5/6 64 QAM 240 288

1100 5.5 11/16 256 QAM 264 384

1104 6.0 % 256 QAM 288 384

1110 6.5 13/16 256 QAM 312 384

1111 7.0 7/8 256 QAM 336 384

[60105] While the FCCH channel structure as described above can be operable at

different data rates, this structure may not be efficient because the rate employed on the
FCCH is dictated or limited by the worst-case vser in the system (e.g., the user that
operates at the lowest data rate). For example, if one of the users can only receive and
decode information on the FCCH at a low data rate of 0.25 bps/Hz, other users in the
systemn will be adversely affected even though they are capable of operating at higher
data rates. This is because the rate employed on the FCCH structure will be limited to
that of the worst-case user, which is 0.25 bps/Hz. Thus, the FCCH performance and
efficiency may be reduced by a single user. As described in more details below, the
present invention provides a novel and more efficient FCCH channel structure that can
be used to accommodate different users operable at different data rates,

[00106] In one embodiment, the new FCCH structure, aiso referred to as a tiered control
channel structure or segregated control channel structure herein), comprises multiple

control channels (e.g., 4 distinct control channels). Each of these distinct control
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7/ 8 256 QAM 336 384 (001051 Wil e the FCCH channel structure as descri bed
above can be &parab|adsoatalled toritersnbehdata of RUEH subehanmet hereiny & dfRyate ot orlee
efficient because the rate employed on the F is dictated or limted by

t he wor st - cas@ i apuliipletqyerhgad daty mates de-2.» OR@ of Sy ff‘ﬁﬁ’fe“t gpiarraies gs mentipnred

| onest dat a r&@t&é For exanple, if one of the users can only receive and
decode infornmati oh on the FCCH at a | ow data rate of 0.25 bps/Hz, other
users inobiw@) systEIG. Willhstgesaddiagan of aafeheBCEH stvemrd withigha TDDYMACG raapabl e
of operating at higher data rates, This is because the rate enpl oyed on the
FCCH st ruct uri@ ageidanse withiope gmbedimephof gie inNentigsy skt sherld bgsmdersigep by ong

0. 25 bps/ Hz. - -t J fici )
Po e B 5 P SUTR, Bl SRS RTINS AT ©

si ngl e user.
provi des a nopaboseB@f ilustratdr and explakdtioh, theaeavbingstofuhd preserdthiatentian ardsotused
to accommodate different users operable at different data rates. [001061 In

one enbodi mentimitedito HalY frame staycturetbyt ean alsoshy anplisd t yariQps pthes fiame styciugsst r ol

channel struc - t r anpel [ u ' co I ses
mul tiple coné%ﬁﬁog%gﬁﬁgf“gsg?g ’S‘?‘?BZ%’%%F fcz'ctﬂscsc})’ﬁ%r 5W%§h§§‘ﬁ2‘f‘2 .kﬂ%:"‘a% morgfa b
t hese di sti ncis paaitionhed 8 a duvaningl phasa(alsd wiled ddwalink segmestotfiaanedn wplinkCCH

GO I B A ST M G e AL
ITTustrates apfhaokdRedind (oW sEShths torifid & Wrtdihthding tebhd¥bft chif¥Fs - the
BCH 710, the FCCH 720, and the FCH 730. The uplink phase is further partitioned into
two segments for the two corresponding transport channels — the RCH 740 and the
RACH 750.

[00108) As shown in FIG. 7, the FCCH segment is divided or partitioned into multiple
distinct FCCH segments or subchannels, each of which may operate at a specific data
rate.
(FCCH_0, FCCH_1, FCCH_2, and FCCH_3). In other embodiments of the invention,

the FCCH segment may be divided into different numbers of subchannels (e.g., 8

In this example, the FCCH segment is divided into four FCCH subchannels

subchannels, etc.), depending on the particular applications or implementations of the
invention. In one embodiment, each FCCH subchannel may be associated with a
specific set of operating and processing parameters (e.g., code rate, modulation scheme,
SNR, etc.). For example, Table 16 below illustrates the code rates, modulation scheme,
SNR, etc., that are associated with each FCCH subchannel. In this example, STTD is
employed for each of the subchannels, in which case the length of each subchannel is a
muitiple of two OFDM symbols.

Table 16 — FCCH Subchanne] Data Rates (STTD)

FCCH Efficiency Code Rate | Modulation | Information | Total SNR
Subchannel (bps/Hz) Bits Per for 1%
STTD Frame Error
OFDM Rate (FER)
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which FCCH subchannel to send control data to a UT based on various factors or

selection criteria.

These various factors or selection may include link gquality

information or operating conditions of the user terminals (e.g., C/l, Doppler, etc.),

quality of service (QoS) requirements associated with the user terminals, and control

subchannel preference indicated by the user terminals, etc. As described in more details

below, the user terminals then attempt to decode each of the FCCH subchannels to

determine if they have been allocated resources (e.g., FCH/RCH channel resources).

Table 17 illustrates the structure for the various FCCH subchannels,

in

accordance with one embodiment of the present invention. As shown in Table 17, the

FCCH subchannel structure for subchannel FCCH_0O is distinct from the structure used
for other FCCH subchannels (FCCH_1, FCCH_2, and FCCH_3). In one embodiment,
the FCCH_MASK field in the FCCH_O structure

presence/absence of higher rate FCCH subchannels in a particular order. For example,

is

used to indicate the

the FCCH_MASK field may comprise three bits each of which corresponds to a

particular subchannel and is used to indicate whether the particular subchannel is

present in an order from subchannel 1 (MASK bit 0), subchannel 2 (MASK bit 1), and
subchannel 3 (MASK bit 2). The corresponding subchannel MASK bit is set to a

particular value (e.g., 1) to indicate the presence of the respective subchannel.

For

example, if the value of MASK bit number 0 (the least significant MASK bit) is set to

dB
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each FCCH subchannel is capable of providing scheduling information
formultiple user termnals (e.g., 32 users). The I E types descri bed above
can be used for the FCCH subchannels. Table 17 - FCCH Subchannel Structure
FCCH O Bits FCCH MASK 3 No. IE Rate 0 5 RateOIE'sOPaddingCRClG
Tail 6 FCCHt: Bits No. |[E Rate 1 5 Rate 1 IE s 0 Padding CRC 16 Tail

oo 90T g s e, (R gl B 3 RREBLOSOCTE, gl H@‘Rlﬁgml FrG 8

i || ustrat esemoolitvewotthag@ésaiiin@dntion. Akdr Bash BQ@CkISﬂIl aobok slanes geswibtdubons cemubbdl ment
of the present invention. After a start at bloc fgﬁ:%oé at bl ock 810,
descri bed atepel g seaspgates] or pastitioned inle aplgFalineletds amﬁq&phsﬁwlqhdwga

plurality O(Epeﬂf)t?g Q@Q@Skﬁﬁ@%& ﬁie. "K't' l?]Bclpgt(ﬂgbontrol information including resource

allocation information is transmitted from an access point to a user terminal on a

particular subchannel of the plurality subchannels selected for the user terminal, based
on one or more selection criteria, as described above. At block 830, at the user terminal,
one or more subchannels of the plurality of subchannels are decoded to obtain control
information (e.g., channel assignments) designated for the user terminal. In one
embodiment, as explained in more details below, the decoding procedure performed at
the user terminal starts with the FCCH subchannel operated at the lowest data rate
(FCCH_O in this example) and continues until at least one of a plurality of conditions is
satisfied. At block 891 the method 800 is ended.

[00112] FIG. 9 shows a flow diagram of a decoding procedure 900 performed by a user
terminal in decoding the new FCCH structure, in accordance with one einbodimcnt of
the present invention. The user terminal starts by decoding the subchannel FCCH_0. In
one embodiment, decoding is considered successful if the CRC test passes. The user
terminal terminates FCCH decoding process whenever any of the following events
occurs:

(i) Failure to correctly decode an FCCH subchannel;
(i1) Receipt of an assignment;
(i1i} Decoding of all active FCCH subchannels without receiving an assignment.

[00113] Referring again to FIG. 9, at block 910, the process begins by initializing n to 0.
In this example, n is a variable used to indicate the current FCCH subchannel being
decoded in the current iteration of the process. At block 915, the current FCCH_n
subchannel is decoded. For example, in the first iteration, FCCH_O is decoded at block
015. At block 920, it is determined whether the CRC test with respect to the current
FCCH_n subchannel passes. If the CRC test passes, the process proceeds to block 925
to determine whether the corresponding MAC ID is present, otherwise the process
proceeds to block 930 to process the next MAC frame. At block 9235, if the
corresponding MAC ID is present, the process proceeds to block 940 to obtain the
assignment information provided by the access point. Otherwise, the process proceeds

to block 935 to check if n is equal to 3. At block 935, if n is equal to 3, the process
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i n one enbodsigealt protéssors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof.

(00115] For a software implementation, the processing may be implemented with
modules (e.g., procedures, functions, and so on) that perform the functions described

herein. The software codes may be stored in a memory unit 332, 382x and 382y and executed by a
processor. The memory unit may be implemented within the processor or external to
the processor, in which case it can be communicatively coupled to the processor via
various means as 1s known in the art.

[00116] Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification.

[00117] The previous description of the disclosed embodiments is provided to enable any

person skilled in the art to make or use the present invention. Various modifications to
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i npl enented with nodules (e.g., procedures, functions, and so on) that
performthe functions described herein. The software codes may be stored in
a nmenory unit 332, 382x and 382y and executed by a processor. The nenory
unit may be inplenmented within the processor or external to the processor,
in which case it can be communi catively coupled to the processor via
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rate 10 & SBRAUISIau ffne elRARF LI 5P cofrol Rt o 0F i m S
subchannel that |

wherein a transmtted first in the plurality of
subchannel s includes a field to indi cate whet her other subchannels are al so

being transmtted. 7. The_method of claim6 wherein the fjeld conprises a
Dl ur ity oh bi (HegRethoBEr Rl IV IEgsih SIS ANGELS Por aisH i 8 SRRIHHEI and
is used tod'fra,g'éﬁgﬁg Yaglkhey the corresponding subchannel is present in the
segnent all ocate gr transmtting control information.

4. The method of claim 3 wherein the operating parameters are selected from the

group consisting of a code rate, a modulation scheme, and a signal-to-noise ratio (SNR).

5. The method of claim | wherein the plurality of subchannels are transmitted
sequentially in an order from a subchannel with a lowest data rate to a subchannel with

a highest data rate.

6. The method of claim § wherein a subchannel that is transmitted first in the
plurality of subchannels includes a field to indicate whether other subchannels are also

being transmitted.

7. The method of claim 6 wherein the field comprises a plurality of bits each of
which corresponds to a particular subchannel and is used to indicate whether the
corresponding subchannel is present in the segment allocated for transmitting control

mformation.



WD 2005/ 055527 PCT/ US20041038198 35 S. The nethod of claim| wherein the

one or norQeRLEEskPN criteria are selected fromthe groppy isildag of a
first cri ter(lfon corresponding to a link quality associ ated /\‘é}\ﬁbﬁifﬁ%ﬁ

respective user terminal, a second criteren corresponding to quality of
service requirenents associated wth the respective termnal, and a third
criterion corresponding to a subchannel preference indicated by the

respective t e m nalThe dnetkodref blatin flowhgreiaaks shagr trioko setedtionreritériaare selected
comuni cati on system conprising: _segregating a@cgntrol channel intqg a
P

4 -

plurality of TEQeaETRRP SORUEINET Afirst RIISEPH GOTEIPORAHER L0 A link qypdity asseciatgd o
rate; transm.g.ti : J R | j ATalt : i .

ot o mat  on 1S (ERRLEE uePlLBhITR), PRbRECHERBRCAERIRGRE T GRRY FService
subchannel ofregliementyr Bkédisted with hherspesti ves ermitat,dintl arthird eritesion coféspondihg
based on one or npre selection crjteria;, and decoding, .at the user termnal,
one or nore <OBEHRNARN pEaferepes wdicated by phestespestive IkEMAls to obtain control

i nformati on designated for the user termnal. 10. The nethod of claim?9
wherei n decodi ng conprises: perform ng a decodi ng procedure to decode the
one or nore Subchannetimd fosprcedsing inforhatorsinacdvannedicatjver ytieth, admpridingest

data rate, until at |least one of a plurality of conditions is t. 11. The
met hod of clai m 1GCEGRAHE 2 "&Sﬁﬁ’ﬁ; elaanpgl. Intoca Rprality ?fg‘sugmanaeks&a%@{%ls%éanse i f

one of the pldﬁgﬁbiéé‘agg?&g@gagir&gs is net. 12. The nmethod of claim 11

wherein the plurality conditions includes a first condition indicating a
failure to correctttapsmatogleomtnd informbonpinoiudingt rigsmirces albadat on étfermdivn ffdme
met hod of claim1l wherein the plurality of cond'gti ogs includes a seco&gl

condi tion i nd@GFTHFOINAR 2 eHMINARPH PHHEYIBRSHRERIEE pEthesplyrafifysuehann
termnal has JReRd f6haLEGYerddifm sagg?eﬁo &6 mbid'sRlekfidn Sliteprigannel s. 14

r
The nmethod of claim 11 wherein the urality of conditions i1ncludes a third
condi tion i ndi cat idegodihgt atathe userhcthamingll, sofeave nipee suipchacasls ef tha\Blurality of
2005/ 055527 PCTI/ .US2Q04/ qg&198 3]6 5. The, net hog of .claim 10 gner ein
perform ng a SYBTBAMHYGY @@&amf)daﬁmmﬁcmmi& (fR5 BEMEFZRIARY i nf or mat i on
transmtted on a subchannel has been correctly received, based on a quality
metric corresponding to the respective subchannel.

10.  The method of claim 9 wherein decoding comprises:

performing a decoding procedure to decode the one or more subchannels,
starting with a subchannel operated at a lowest data rate, until at least one of a plurality -

of conditions is met.

11.  The method of claim 10 further comprising:

terminating the decoding procedure if one of the plurality of conditions is met.

12. The method of claim 11 wherein the plurality of conditions includes a first

condition indicating a failure to correctly decode one of the plurality of subchannels.

13.  The method of claim 11 wherein the plurality of conditions includes a second
condition indicating that control information designated for the user terminal has been

obtained from one of the plurality of subchannels.

14, The method of claim 11 wherein the plurality of conditions includes a third

condition indicating that all subchannels have been processed.



16. The |m15 wherein the quality metric c clic
redundancr@togﬁgsét%sf 17. The method of claim10 mher%’%%ﬁ%@ﬁ%
decodi ng procedure corrpri ses: determ ni 3§ whether control information

designated for the user termnal is present in the respective subchannel,
based on an identifier associated with the user termnal. 18. The nmet hod of

ol ai m 17 whesei nb eadufterdrictdif 100MRER SR FoAnM B dEDARE Bdbed R RbRBhisdsMAO)

identifier. a|m9 wherein"the one or nore selection
criteria are sel deteaminirfg whethérd nfprmatiorc wansirs té¢don @Sulzchﬁnmeimasbcmmomctly
corresponding to eratin ondi ti.ons of he, r ective rm nal, a
second cri té‘?qeb’ﬁdgt%rs? %’bﬁﬁﬂ?ﬁﬁé ST ERIFESPOn 'é’etﬁ?/F Becnr"g(ﬁﬁﬁcﬁﬁ

associated with the respective termnal, and a third criterion correspondi ng
to a subchannel preference indicated by the respective termnal, 20. An
appar at us fdé6. pr Tbessiethgdi of alaiat i16nwherein gbemgualityatmesric sganpnines & @yphi¢ si ng:
means for p?aui i oni plg a control channel that is used for transmtting
control i MY hEch lurality of subchannels, each subchannel being
operated at a specific data rate; neans for selecting, for each of one or
nore user termnals, one of the subchannels to be used for transmtting
control infd7mat iTha niatiood afrclaim:mswhq:reinr[lerfonnhlg@ dcce@pgqatdowéumsemprimm nal ,

based on one or re sel ec i n crit and ans r.transmttin ontr ol
i nformation fromSERENIRE fr‘i’f’“i’ m‘oﬁﬂaaé‘rg"arﬁge@r F S ﬁraF n?}ﬁlg

particul ar sWhenanngk t@ﬁk ﬁ@@guﬁcﬁﬁnﬂeh%ars&ﬁ BRGn MBniB&" ask&diMed ith W user
20051055527 "PCT/ US2004/ 038198 The apparatus of claim20 wherein each

subchannel itemisadoci ated with a d| stl nct set of operating paraneters
including a code rate, a nodul ation schene, and an SNR 22. The apparat us of
claim 20 wherein the plurality of subchannels are transmtted sequentially

in an order 1Br oNMhe SHAGHA YT aiM U WhdréinaRé i86H:fief *bfphifesia MBGHANABLesy L N
a highest data rate. 23. The apparatus of claim 22 wherein a subchannel that

i s transm t tGsatrdl MMAC) identiier.pl ural ity of subchannels includes a field to
i ndi cate whet her ot her subchannels are also being transmtted.

19.  The method of claim 9 wherein the one or more selection criteria are selected
from the group consisting of a first criterion corresponding to operating conditions of
the respective user terminal, a second criterion corresponding to quality of service
requirements associated with the respective terminal, and a third criterion corresponding

to a subchannel preference indicated by the respective terminal,

20.  An apparatus for processing information in a communication system,
comprising:

means for partitioning a control channel that is used for transmitting control
information into a plurality of subchannels, each subchannel being operated at a specific
data rate;

means for selecting, for each of one or more user terminals, one of the
subchannels to be used for transmitting control information from an access point to the
respective user terminal, based on one or more selection criteria; and

means for transmitting control information from the access point to a particular

user terminal on a particular subchannel selected for the respective user terminal.



24. The apparatus of claim 20 wherein the one or nore selection criteria

i ncl udi ng w@2ddsfosdspfriterion corresponding to a link quakph s%iﬁiﬁ%@d ed with
the respective user termnal, a second criterion corresponding to quality
of service requirenents associated with the respective terninal, and a
third criterion corresponding to a subchannel preference indicated by the
respective termnal. 25. An apparatus for processing information in a
conmuni cat i 0pl.SySTRéppaeAaPof dhinyg20 Wharedn Eavh sabgrangeltit agsodiatiwitoh dﬁﬁmaatnel
into a plurality of subchannels each of which bej perable at a_specific
data rate; n¥AREOpesAlng RATARetessiingjudigapcate ra. @r"h‘ég fg’r?“lsﬁb?"ﬂ%hﬁﬂ g ap rce
allocation information froman access point to a user term nal on
particul ar subchannel of the plurality subchannels selected for the user
term nal, baskd oTheagpapatusiof elaiirl20cwherein the pluealitp of anbchumadls afeotrardadieti ng,
at the user termnal, one or nore subchannel s of th plurality of .
subchannel s tegueHiallyrin @ ordesifram A spbehenes) Wiss E}Wtegﬂtmtemasu npel Hiihnal |
26. The appa{‘ﬁfglﬂgs QhtaGh@i M 25 wherein means for decoding conprises: neans
for perform ng deco I'ng procedure to decode the one or nore subchannels,
starting W|th a subchannel operat ed at a |lowest data rate, until at |east
one of a pl all of conditions 05/ 055527 PCT/ US2004/ 038198
38 27. The ag:bara appargipsp v@r?e‘f"gﬁg"ﬁmt bﬁl(") %139‘%7"3'&5'?48?4 ?‘ﬁﬁé‘” he
includes a f e of
the pluraii ¢ brgpicy EESHhAARIC AEhG, 3 BRlRo R Bilcel OicF Shoohafifie A 405

i nformati on beiag gasdnsiced.or the user term nal has been obtained fromone of
the plurality of subchannels, and a third condition indicating that all
subchannel s have been pr ocessed 28. The apparatus of claim 25 wherein nmeans
for perform a degd OE’%}@

whet her i nf o?gmatl on t?ﬂ' nsm tt ﬁ&iﬂ{ﬁo“ﬁﬁ-} hg{%ﬁ@e as Séelg‘?]n%ﬁér?éﬁ& F‘!cﬂﬂmg
recei ved, basdirsooriterignaoiteypomding © adimkeguadinyliasgpciaved hathr ﬁmpeaspecmae user

subchannel ; and ans foy determ ni n et her .confrol, i nformati on desi gnat ed
ot R oty i sepone iR M sRORHRS [ GALEY PTG SRR HAET o

identifier agaACihgt RYpdtile terminal, and a third criterion corresponding to a subchannel

preference indicated by the respective terminal.

25. An apparatus for processing information in a communication system,
comprising:

means for segregating a control channel into a plurality of subchannels each of
which being operable at a specific data rate;

means for transmitting control information including resource allocation
information from an access point to 2 user terminal on particular subchannel of the
plurality subchannels selected for the user terminal, based on one or more selection
criteria; and

means for decoding, at the user terminal, one or more subchannels of the

plurality of subchannels to obtain control information designated for the user terminal.

26.  The apparatus of claim 25 wherein means for decoding comprises:
means for performing a decoding procedure to decode the one or more
subchannels, starting with a subchannel operated at a lowest data rate, until at least one

of a plurality of conditions is met.



the user termnal. 29. The apparatus of claim25 wherein the one or nore
sel ect i onVORM¥FRTi nel udi ng a first criterion correspd’r%ri/wo?"@:’%]ﬁérati ng

conditions of the respective user termn3, a second criterion
corresponding to quality of service requirenents associated with the
respective termnal, and a third criterion corresponding to a subchannel

preference ,indi ﬁ-\g% I\?‘agﬁglxwfs;b? dARPSE Wntfeid ?@%{ﬁgﬁty %2 ggpﬁﬁﬁ%ﬁ?%c?ﬁdﬁ af f,),:s% er

pr ocessi ng I nf or ma comrunti cat1 on rrsing. a con
configured tondiebretiidicatiag affadumplioicatredtly deécodooane of the phadakinnsfl subtlmnaelsda

control information to a user term nal, based opn one or re selecgtion
criteria, e&e9ndsondiriamHuiicaag hat swﬁwémfgﬂ%%n% @ﬁ@ﬂ?tf’géorgg% aserréﬁrgpnaéﬁas a
transmtter i i j . ] -arm nal
on-the. sunChanFiEffied RaFolY ¢fihe plEANTRE SARNAERIGRR S borditor Rleatify

clai m 30 wheltagh setbhbnsildldvarbeen plosesastoci ated with a specific set of
operating paraneters, including a data rate at which control information is
transmtted, a code rate, a nodul ation schene, and an SNR WD 2005/ 055527

PCTI US2004133819 r : j ri’l\ﬁ'ﬁ [ Mﬂfﬁ- ity of
subchannel sgg're t% P Sﬁ"gﬁmat%tt“é&%lsag’g@nﬁéﬁ‘f’?ﬁ ?aglgg?\%‘%%er gr%g% S @Iﬁgﬁﬁt{f W th

a | owest datemprites:to a subchannel with a highest data rate. 33. The
apparatus of claim 30 vvhgrei n the or .,nore selection criteria i udi ng

|
A Tiret.oriteriofany el ARBIAE whether MEOTRALION  PANSEURRY GR i SWchAnnEh bas

respective ) . ra ofe] i t Jobi Ve OF
service req&?ﬁﬁ%ﬁ%mag%gﬁfg’t E%QQVQ\#' tﬁ #'ﬁgwr g%é‘g"gf ?@‘Z@t‘aﬁ?“‘r}?ﬂg ?‘egﬁggéghhi rd
criterion coeubchamehdindg to a subchannel preference indicated by the

respective termnal. 34. An apparatug for processing information in a

wirel ess conmuni WP%%%@FEH&““&&‘%&F&icﬁﬂgola"ﬁg’a’é?t@’é‘r H?SW ?‘Vg‘hc user

| nf or MRt | On 1A Pl Gs BresMRIiR RORLpRYIvVE WARRBRIE! BasERER afidentificf lsdiEiaRA iper at ed
at a specific data fate; and a decoder to decode the one or nore control
subchannel s theousebteaminatont rol i nformati on designated for a particul ar user

termnal, starting with a subchannel operated at a | owest data rate, until
at least one of a plurality of conditions is net.

29.  The apparatus of claim 25 wherein the one or more selection criteria including a
first criterion corresponding to operating conditions of the respective user terminal, a
second criterion corresponding to quality of service requirements associated with the
respective terminal, and a third criterion corresponding to a subchannel preference

indicated by the respective terminal.

30.  An apparatus for processing information in a communication system,
comprising:

a controller configured to select one of a plurality of control subchannels to send
control information to a user terminal, based on one or more selection criteria, each
subchannel being operable at a specific data rate; and

a transmitter to send the control information designated for the user terminal on

the subchannel selected for the user terminal.

31.  The apparatus of claim 30 wherein each subchannel is associated with a specific
set of operating parameters, including a data rate at which control information is

transmitted, a code rate, 2 modulation scheme, and an SNR.



35. The apparatus of claim 34 wherein the plurality of conditions includes a
first coRghhiRidsdspdi cating a failure to correctly decodgcerféfioidios
plurality of subchannels, a second condition indicating that control

i nformati on designated for the user ternthal has been obtained from one of
the plurality of subchannels, and a third condition indicating that all
subchannel s have been processed. 36. The apparatus of claim34 wherein the
decoder is 62nfi Qhe agpiratud of etaiinr3d whireinhthe plurklitynaftsubchannelssané tramsshitied a
subchannel has been correctly recejved, based,on uality tric. |

corr espondi ﬁﬂl'-‘FB"EﬁE’e‘“ra@s%g‘é‘t%% asﬁ?b%'}?ﬁﬁﬂe‘?’mbﬁ&o‘t’??t 3@‘3&% ne R withhnt r o
i nformation J or the user termnal is present in the respective
subchannel a%ﬂg%;g%r}%%ae%#_i dentifier associated with the user termnal. 37. A
machi ne-r eadabl e medi um conpri sing instructions which, when executed by a

machi ne, cauyse theg machine to performoperations including: r. WD, 2005/ 055527
PCTNS2004/ 033198 %%*‘PR%?W of 6‘ﬁ%88d%8€ﬁ'ﬁ ths oer o1, TEIE SelesHion 5“%95'@&!“?‘6&"8
transmttin 0l Al i i ; | 4 ; :
subchannel | Bel g hamon CAleRbidhfk 161a1fk GLNEP AMCifibd PRE I ARDRIMEARET of
one or nor e tersdnal t &secondibsterioneonéspohding td qbality ef servize brequiresealtsf associated

transmtting.control informatjop from an .,access point tqg.the respective user
term nal , bty tsn SREtF (WHPIDA s & GHidCFHERPY FOTEsRPRding, i STRGAESH I ol
i nformation {-éf%’héehﬁdi%%g%? tiOfeBbectife #rRffal.i cul ar user termnal on a
particul ar gubchannel seleCted for the respective user termnal. 38. The
machi ne-r eadabl e nmedi um of cl ai m 37 wherein each subchannel is associated
with a set qf operatin ataneters, including a data rate at .which control

[ nf or mat i on s AIhSRRAAES Tl progessing pISmmAQR At AfTelkss Somumnicalion SyHeEAR

39. The WHCBB&?ﬁgiﬁé:d&b' e medi um of claim 37 wherein the one or nore

selection criteria including a first criterion corresponding to a link
qual i ty associ at edesdiver oireceive sfennitivs arsene pemereabntrel mibclundels eackeof on

correspondi ng. ual i t f service  reguirements associated wth the
respective t“g'\“%“ot?fé 50%%3(2%%3‘58'%&“{3&?? oﬁ“‘_ﬁorrespondi ng to a subchannel
preference indi cat@&oler {08edoe RRE ion¥Cort MDA Baitrol AQbcaniB NloNSuthinaEtARoE

medi um conprising instructions which, when executed by a rmachine, cause the

machi ne to pefefmationogdesignatesh$ori acparticulgr userc tdrmingg, svaftingrawithora subcbarmebr

r nt r ol hannel h of i.gh i n . e
ore cont Oopesrla{gﬁa 2 16wedt 338 ratg, un%atcleas?gnegfaplurahty of conditions is met.

35.  The apparatus of claim 34 wherein the plurality of conditions includes a first
condition indicating a failure to correctly decode one of the plurality of subchannels, a
second condition indicating that control information designated for the user terminal has
been obtained from one of the plurality of subchannels, and a third condition indicating *

that all subchannels have been processed.

36.  The apparatus of claim 34 wherein the decoder is configured to determine
whether information transmitted on a subchannel has been correctly received, based on
a quality metric corresponding to the respective subchannel and to determine whether
control information designated for the user terminal is present in the respective

subchannel, based on an identifier associated with the user terminal.

37. A machine-readable medium comprising instructions which, when executed by a

machine, cause the machine to perform operations including:



operated at a specific data rate; and decoding the one or nore control
subchannel s to obtain control information designated for ticular user
term nal, ‘@P&P'{Sﬁ’ﬁ@ﬂ?/\jth a subchannel operated at a Iomestpcq‘(}%?é\mfogﬁgf? unti |
at least one of a plurality of condition#is nmet. 41. The nachi ne-readabl e
medi um of claim40 wherein the plurality of conditions includes a first
condition indicating a failure to correctly decode one of the plurality of
subchannel s, a segRRFoMARA ddnBd] CRAInERiNaNG GRatfof aRhdrting EQH A mation
designated for the user termnal has been obtained fromone of the
plurality ofintubphusalitebEsubshanngls; pachgubehenes! beimg apathteshatiarspecifia datgirate;

subchannel s have b?ertlﬁgrfces ed. VWO 200510555227.P%TIOUSZSSMO 8198 4t1 42.
The machi ne-reada’fﬁeeGl ﬂoﬁ_r'ﬁa °£P%ﬁ?ﬁﬁ‘8%§F TR e E‘? 5¢ E'Hﬁ]lsl &Reed to
det er mi ne whgdeheror irdhhitiig eontid] aRpMMEREOIfBM @ a6desd poieto RS rdipasiive dk&ect | y
recei ved, based on a quality netric corresponding to the respective

subchannel atedningl, basedran ang orvmese kelectiopreritesia; prd or mat i on desi gnated for the
user termnal is present in the .res i channel .. sed on. a

i dentifier associ Q?IEH" nghc?w?dggqr%?@)}n}fﬁo&? %Hé)lf ¢ gn%?’ﬂggofaopa%pg@&su&rng
information jeRmmabyieh pMticERFPIHCRANH] sdl@ER] fétﬂﬂx’eﬁj‘e@ﬁ@ﬁdeﬁ&rﬁﬁha@ne or nore
control subchannels each of which being operated at a specific data rate;

and decodi ng the one or nore control subchannels to obtain control

i nformati on esi ated . for a rticular user. terdmnal .. startin i
subchannel o?)gr at ¢ _a’f’a%t'_’?ed{}%ggoa}e d‘QF‘i‘“‘%at"g, c?law{; i ﬁna‘f'g?rggsteg%hnesugfh\%g}‘a B
plurality of ageditted ivailis ai st E’Eﬁ'foperﬁﬁn% Phrniveird) abclafing! 2idatadRenrewBich doRgol
plurality of conditions includes a first condition indicating a failure to

correctly detnferanasian iowansmutigs, @cads raje, gmaglylationsekame, and 28 SMd condi ti on
i ndicating that control infornmation designated for the user term nal has
been obtained fromone of the plurality of subchannels, and a third

condi tion ingy.catiTige niablfihe-2dddablesdnm &f S1dR\VEY WAERIPIhe e R dnord Jelediitm
met hod of cl aim43 wherein _decodi hg conprises: determ ning whet her

i nfornation €HtENapdleding enfiest stitesioArmostespordingetona dipkrqualify asspeigied\wigh theased
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determ ni ng er contr IrAf ormation desi gnat e t ermnal is
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the user termnal.
to a subchannel preference indicated by the respective terminal.

40. A machine-readable medium comprising instructions which, when executed by a
machine, cause the machine to perform operations including:

receiving information on one or more control subchannels each of which being
operated at a specific data rate; and

decoding the one or more control subchannels to obtain control information
designated for a particular user terminal, starting with a subchannel operated at a lowest

data rate, until at least one of a plurality of conditions is met.

41.  The machine-readable medium of claim 40 wherein the piurality of conditions
includes a first condition indicating a failure to correctly decode one of the plurality of
subchannels, a second condition indicating that control information designated for the
user terminal has been obtained from one of the plurality of subchannels, and a third

condition indicating that all subchannels have been processed.
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42.  The machine-readable medium of claim 40 wherein the decoder is configured to
determine whether information transmitted on a subchannel has been correctly received,
based on a quality metric corresponding to the respective subchannel and to determine
whether control information designated for the user terminal is present in the respective

subchannel, based on an identifier associated with the user terminal.

43. A method for processing information in a system, comprising:

receiving information on one or more control subchannels each of which being
operated at a specific data rate; and

decoding the one or more control subchannels to obtain control information
designated for a particular user terminal, starting with a subchannel operated at a lowest

data rate, until at least one of a plurality of conditions is met.

44.  The method of claim 43 wherein the plurality of conditions includes a first
condition indicating a failure to correctly decode one of the plurality of subchannels, a
second condition indicating that control information designated for the user terminal has
been obtained from one of the plurality of subchannels, and a third condition indicating

that all subchannels have been processed.

45.  The method of claim 43 wherein decoding comprises:
determining whether information transmitted on a subchannel has been correctly
received, based on a quality metric corresponding to the respective subchannel; and
determining whether control information designated for the user terminal is
present in the respective subchannel, based on an identifier associated with the user

terminal.



