1 METHOD AND APPARATUS FOR PROVI DI NG AN EFFI Cl ENT CONTROL CHANNEL STRUCTURE
IN A WRELESS COVMUNI CATI ON SYSTEM BACKGROUND 1. Field [0001] The present
i nvention relates generally to data comruni cati on and processing, and nore
specifically to a method and apparatus for providing an efficient control
channel structure in a wireless |ocal arka network (W.AN) conmuni cation
system |1. Background [0002] Wrel ess conmuni cation.-systens have been

wi dely depl oyed to provide various types of conmmunication such as voice,
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types of communication such as voice, packet data, and so on. These systems may be

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 (WLANSs) 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 po’ints
may also connect (or “bridge”) the WLAN to wired LANSs, 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 propaéation 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



I ndependent (e.g., a transm ssion on one path is not forned as a |inear
conbi nati on of the transm ssions on the other paths), then the |ikelihood
of correctly receiving a data transnmssion increases as the number of
antennas i ncreases. Cenerally, diversity increases and performance inproves
as the nunber of transmt and receive anjennas increases. [0005] A M MO
systemenploys nultiple (NT) transmt antennas and nmultiple (NR) receive
antennas for data transmssion. A M I\/D channel formed by the NT transmt
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resour ces <heindApenNjgntEah dffike Ngqputllabcﬂmnhsls ebrrtdpondsay a Hienensioal Sthet he
channel conditions, and other factors. [0007] In one enbodi nent, the W.AN
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performance. In various embodiments, MIMO and orthogonal frequency division
muitiplexing (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 also be used to provide acknowledgment for

messages received on another transport channel.



nmessages received on another transport channel. 3 [00081 As disclosed in
the aforenentioned U. S. Patent Application, in one enbodi nent, the FCCH can
be transmitted or operable at different data rates (e.g., four different
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. Howgver, in such a configuration, the
rate enployed on the FCCH is dictated by the worst case user in the system
(i.e., the user that operates at the |owest data rate). This schene is
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in conjunction with the followi ng drawings, in which: [0012] FIG 1 shows a
bl ock di agram of a M MO WLAN system SEH\WACIE'Yt he teachings of the invention
are inplenmented; [0013] FIG 2 shows ayer structure for the M MO W.AN
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an access point and
detail below. According to one aspect of the invention, a method is provided in which a
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; 4 [0015] FIGS. 4A, 4B and 4C show a TDD- TDM frane
structure, an FDD-TDM franme structure, and an FDD-CDM franme structure,
respectively; [0016] FIG 5 shows the TDD-TDM frame structure with five
transport channels - BCH, FCCH, FCH RCH, and RACH [0017] FIGS. 6A and 6B
il lustrate various PDU formats for the various transport channels; [0018]
FIG 7 shows a new FCCH structure, in accordance with one enbodi nent of the
i nvention; [0019] FIG 8 shows a flow diagram of a nethod, in accordance
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[0023] Useript@ftdennal s 120 may be di spersed throughout the system Each user
termnal nmay be a fixed or nobile termnal that can comunicate with the
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and/ or uplink at any given nonent. The downlink (also called forward |ink)
refers to tembpsdiinentofkhe inyentidle access point to the user terminal, and the
uplink (al so

DETAILED DESCRIPTION

(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 WILAN 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 point. 5 [0024] In FIG 1, access point 110a communi cates with user
termnals 120a through 120f, and access point 110b comruni cates with user
termnals 120f through 120k. Depending on the specific design of system
100, an access point may comrunicate with nultiple user termnals

simul taneously (e.g., via nultiple code channels or subbands) or
sequentially (e.g., via multiple tinme slots). At any given nonment, a user
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for data transm ssion an ption. ch user termnal My gui pped
wi th a singloatrbHankidi thay ecwply &0 aphekendata metwork (PPNg, 4 mdredriodal meaaieteork

oot oves. oy LMD st SRE Rk YR T A panbur e ol
FUEh 25, of SSTARTH Bl cRenthRSol B IR S BT R T
saf ety i ssudesignedith perfarm a hOMBEY offanctiong isuenagpdi) coogliratiomahd icemndldfontheaccess
point and n;élcésis_p%inr;[tse gor:x?)lelfist%rit, (2) routing of data among these access points, (3) access and
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 (e.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 antennas available for use for data transm ssion. Different M MO
channel s are forned between the access point and different nulti-antenna
user termnals. Each MMO 6 channel may be deconposed into Ns spati‘al
channels, with N5 5 min {NI, NR . Ns daga streans may be transmtted on
the Ns spatial channels. Spatial processing is required at a receiver and
may or may not be perforned at a transmtter in order to transmt nultiple

data streang on the Ns spatial, chapnels. [002 The spajjal chanpnel s may
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the number of spatial channels available for each user terminal is dependent on the
number of antennas 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.




Di versity antennas and/or nultiple subbands to provide diversity. Data is
transmtted on a single (best) spatial channel at full Beam steering power
usi ng phase steering information for the principal eigennode of the M MO
channel. 7 Data is transmitted on nmultiple spatial channels to achieve
Spatial multiplexing higher spectral efffciency. [0031] The transm ssion
nodes avail able for use for the downlink and uplink for each wuser term nal
are dependent on the nunber of antennas enployed at the user termnal.
Table 2 |i gts—thetTransm Ssi 10]0) Naht At = 7 .y [T ypes
for the d)"‘@b&tfh'fnﬁ lél,ghén<?{&5i§g&§hﬁ%@vﬁgkﬁ%ﬁ%ﬁ]§g%{a? bﬁ%‘ﬁ?ﬁs tggéﬂé#réas at the
access point. Table Downl { highklpdpeatral effidamy ssi on nodes Single- Miltil-

Single- Milti- _antenna userlantenna—user—antenna-user antenna user terni nal

termnal termnal termnal MSO (on downlink)/ X X X X SIM (on uplink)
Di | X X X B t.eeri I.al t Rl exi . 32] |
erbod; {IEH the TRAEPAEAN S, 8RR SRt s R g esn T s e
overal | sysj®dmithiVasl depenlcht dnnHEBembe of ddnnas ehpanealat SRR e§minalhese

subbands are also referred to as tones, bins, or frequency channels. Wth
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channel where the conplex gain associ @ge2w th each subband is effectively

const ant across the subband bandw dth [ﬂﬂ??] | one enhodinent the system
bandwi dt h dan be partitioned i nto d@ownlintkogonal Uplink
Transmission modes Single- Multi- Single- Multi-
antenna user | antenna user | antenna 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 (i.e., NF = 64), which are assigned indices of -32 to +31. O these
64 subbands, 48 subbands (e.g., with indices of { 1, ..., 6, 8, ..., 20,
22, ... , 26}) can be wused for data, 4 subbands (e.g., with indices of {7,
21 }) can be used for pilot and possibly signaling, the DC subband (wth

i ndex of 0) is not used, and the remainifig subbands are al so not used and
serve as guard subbands. This OFDM subband structure is described in
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trans
selective fading, which is characterized by different channel gains at different

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



[ 0036] The length of the cyclic prefix (i.e., the anount to repeat) for each
OFDM synbol is dependent on the delay spread of the wireless channel. In
particular, to effectively conbat 1SlI, the cyclic prefix should be | onger

t han the maxi mum expected delay spread for the system [0037] In an

enbodi ment, cyclic prefixes of different9lengths nmay be used for the OFDM
synbol s, dependi ng on the expected delay spread. For the M MO-W.AN system
descri bed above, a cyclic prefix of 400 nsec (8 sanples) or 800 nsec (16
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suppor e39lhe del Theoyperflayees irlieles amdoappbtaioge red pradedly, subie au pigesling
| ayers. In the enbodinment shown in FIG 2, lLayer 2 includes a Link Access
Cont r ol services 212, data services 214, voice services 216, circuit data applications, and so omn.
Signaling is typically provided as messages and data is typically provided as packets.
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.



(LAC) subl ayer 220 and a Medi um Access Control (MAC) sublayer 230. The LAC
subl ayer inplenents a data |link protocol that provides for the correct
transport and delivery of messages generated by the upper |ayers. The LAC
subl ayer utilizes the services provided by the MAC subl ayer and Layer 1.
The MAC subl ayer is responsible for traggporting nessages and packets using
the services provided by Layer 1. The MAC subl ayer controls the access to
Layer 1 resources by the applications and services in the upper |ayers. The

MAC su er may.inclyde a Radi o Link,Prot | (RLP) 232 which is a
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transm ssi oframéf¥anframed de@yénodey By isclamblddata, interleaves (i.e., reorders) the coded
data, and maps the interleaved data into modulation symbols. For simplicity, a “data
symbol” refers to a modulation symbol for traffic data, 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 downlink modulated signal. The
four downlink modulated signals from modulator 322a through 322d are then

transmitted from four antennas 324a through 324d, respectively.



frequency, and/or spatial diversity for the code bits. The scranbling,
coding, and nodul ation may be perfornmed based on control signals provided
by controller 330. TX data processor 310 provides a stream of nodul ation
synbol s for each spatial channel used for data transm ssion. [0045] A TX
spatial processor 320 receives one or nore nodul ati on synbol streans from
TX data processor 310 and perforns spatial processing on the nodul ation
synbols to provide four streans of transmt synbols, one streamfor each

transm ntenna,, [ 004 Fach I [ i ves and .or es a
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may also provide the status of each packet/frame received on the downlink. A
controller 380 receives the channel state information and the packet/frame status and
deterrnines 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



information is processed by a TX data processor 390 and a TX spati al
processor 392 (if present), conditioned by one or nore nodul ators 354, and
transmtted via one or nore antennas 352 back to the access point. [0050]
At access point 110, the transmitted uplink signal (s) are received by
antennas 324, denodul ated by denodul at gps 322, and processed by an RX
spatial processor 340 and an RX data processor 342 in a conplenentary
manner to that performed at the user termnal. The recovered feedback
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of the downlink transm ssion. [0052] As nentioned above, a nunber of

servi ces aritanappt lhantlsaad alsg peevidagdgduief desciption fas epghMornapAricByER M and
various transport channels may be deflfaﬁ)egor the MMO W.AN systemto carry

various types of data. Table 3 lists an exenplary set of transport channels
and al so pfovifgmspoRidn@hnégscription for each pespipplont channel. Table 3
Transport ¢hannels Description Used by the access point to transnt pilot
and systen Broadcast channel BCHsehbythetageess point toetransonit pitot andsystem Used by
t he access|Bovadeast shammebeaBEH esour ces on flhe downl i nk and uplink. The
resource allocation may be For \BMAMEBH O BEETRRAS ned on a
frame-by-f[ame DasTs.” A $0_USEd|{Red bY'te'actesP poit fFalfickie W@ BRthd OF
nmessages received on the| RACH
downlink and uplink. The resource allocation may be
Forward control '
X | 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



Used by the access point to transmt user-specific data to the user
termnals and possibly a reference (pilot) Forward channel FCH used by the
user termnals for channel estinmation. May al so be used in a broadcast node
to send page and broadcast nessages to multiple user termnals. Random
access RACH Used by the user term nals ti@ 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 channel RCH point. May also carry a
reference e S oJo) ' Lon., k0 shown
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1vision multiplexing (FDM), and so on. For TDM, each transport channel is assign
to a different portion of a frame. For CDM, the transport channels are transmitt
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 |
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 tt

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 spa
particular time duration. The frame duration may be selected based on various fact

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



division multiplexing (FDM, and so on. For TDM each transport channel is
assign to a different portion of a frame. For CDM the transport channels
are transmtt concurrently but each transport channel is channelized by a
different channelizati code, simlar to that perforned in a code division
mul tiple access (CDMA) system | FDM aach transport channel is assigned a
different portion of the frequency band I the link. [0057] Table 4 lists
the various frane structures that nay be used to carry the transp,
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fraction of the frane. In one enbodinent, each TDD frane has a durati on of

2 nsec. [008BIRAEHshown in FIG 4A, each TDD frane can be partitioned into a
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protocol data units (PDUs) for that transport channel. In the embodiment shown in FIG.
4A, 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 terminal(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



[ 0061] The segnent for each transport channel nmay be used to carry one or
nore protocol data units (PDUs) for that transport channel. In the

enbodi ment shown in FIG 4A, a BCH PDU is transmitted in a first segnent
410, an FCCH PDU is transmtted in a second segnent 420, and one or nore
FCH PDUs are transmtted in a third segmsnt 430 of the downlink phase. On
the uplink phase, one or nore RCH PDUs are transmtted in a fourth segnent
440 and one or nore RACH PDUs are transmitted in a fifth segnent 450 of the
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{0066} FIG. 4C illustrates an embodiment of an FOD-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



an FCCH PDU, and one or nore FCH PDUs in segnments 410, 420, and 430,
respectively. The uplink frame carries one or nore RCH PDUs and one or nore
RACH PDUs in segnments 440 and 450, respectively. This arrangenent may
provi de the benefits described above (e.g., reduced del ays for data

transm ssion). Qher FDD-TDM frame structyges may al so be defined and used
for the M MO WLAN system and this is wthin the scope of the invention.
[0066] FIG 4C illustrates an enbodi nrent of an FDD-CDM FDM frane structure
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[0071] The dedicated transport channels, in one embodiment, include the FCH 430
and RCH 440. These transport channels 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.



poi nt using the diversity node. On the uplink, the RACH can be transmtted
by the user termnals using the beamsteering node (if supported by the
user termnal). The BCH can be operated at a known fixed rate so that the
user termnals can receive and process the BCH wi thout any additional

I nformation. As described in nore details ae|OM/ the FCCH support nmultiple
rates to allow for greater efficiency. EadH "rate” or "rate set” may be
associated with a particular code rate (or coding schene) and a particul ar
nodul ati on schene. [0071] The dedi cated transport channels, in one
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transm ssions. For exanple, since the dur at®ons of the FCCH, FCH, RACH,
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specific set of modulation symbols that is transmitted from all transmit antennas. A

and

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) Description
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




| ength of each of these segnments for the current TDD frane are sent
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“1” = no broadcast message sent

RACH

Acknowledgment Bit

“0” = RACH acknowledgment sent on FCH
“1” = no RACH acknowledgment sent

CRC

16

CRC value for the BCH message

Tail Bits

6

Tail bits for convolutional encoder

Reserved

[0076]

[0077]

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 Frame 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 Lvl 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



RACH Guard Interval 2 Guard interval at the end of RACH Cyclic Prefix
Duration 1 Cyclic prefix duration Page Bit 1 "0" = page nessage sent on FCH
"1" = no page nessage sent "0" = broadcast nessage sent on FCH Broadcast
Bit 1 "1" = no broadcast nessage sent RACH 1 "0" = RACH acknow edgnment sent
on FCH Acknow edgnent Bit "1" = no RACngcknomAedgnent sent CRC 16 CRC
val ue for the BCH nessage Tail Bits 6 Tail bits for convol uti onal encoder
Reserved 32 Reserved for future use [0076] The Frane Counter val ue may be
used to synchroni ze vari ous processes at the _access point _and user

terminal s (&agable @apd dspensls ors theasahia wgcmégref%owmchdwaw&% by ghe &ryplic A
f t t
e ot g o 0 RS R EENOLAE A ARERIBNE.

val ue is inelwgled DD frabiee Frane Counter field. The Net ID field indicates
the identifier (1D of the network to whjch the ccess oi nt bel ongs. The

AP | D 190384 |nd| c,Ta@é%A@Hewrmﬂbfwi%@dg@EééEe HAEH © \metR Hﬁ@gwmhwhnb The
AP Tx Lvl a. ﬁ Rkt Rff\(ﬁjlgl%é ec&}rﬁuid‘@fé%ﬁ'fiﬁtﬁh sﬁ«{té}é‘ﬁmeh b@%‘@h lqyel

and the des red ‘T 6CEl Ve power |l evel at the access poin respectively. The
desi red recsiotesipotiend, inemats MFDM wysrﬁbblbyThhé{AEHereed Moaadal ﬁeid nldicetresn ne
the initial uplink transmt power. [0077]. The FCCH Length, FCH Length, and
RCH Lengt h fhestraqunt qfiting betygen Iﬂlﬁn]@ﬁth%A SlPh%“qZ@BHtaIFQf-ilheaﬁng REBMERIGIoENt s,

respectivel TOif rent TDD frame. In one enbodinent, the |engths of
t hese segrre% esr{egge glggﬁél n units of OFDM synbols. The CFDIVI synbol duration

for theooB@H can MhefPagedBiatand. Brogdesnt BTmmd%aMwaymmbr ndwpagé oiesfapes ahd
ot her transport channels (e.g., the FCCH, d RCH is 19

vari abl e an8r8pRshaEsBEeE, iresPeai vaby.cue BGBE sani IS’PéhfF fCHAw. 1B cpmens JdP frame- by
ngdc}/glrl fhgﬁ%ﬁ?or“{l Q}ncl%lr Sketntlnd%%@:gmﬁe&t %’6‘)8?@?’“ ﬂ%k%Ht Length%cgl?fafd
i ndi cat es t Aekhengtpmerit BiténdRédiis whehendr, nonhbk‘.rkbw}edgmems for PDUs sent on the
RACH in prior TDD frames are being sent on the FCCH in the current TDD frame.
[0080] The CRC field includes a CRC value for the entire BCH message. This CRC
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 channe! 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} s given in even number of OFDM symbols because

the diversity mode transmits OFDM symbols in pairs.



given in units of RACH slots. The duration of each RACH slot is given by the
RACH Slot Size field, in units of OFDM synbols. The RACH Guard I nterval
field indicates the anpunt of tinme between the |ast RACH slot and the start
of the BCH segnent for the next TDD frame. [0079] The Page Bit and
Broadcast Bit indicate whether or not pageé nessages and broadcast nessages,
respectively, are being sent on the FCH in the current TDD frame. These two
bits may be set independently for each TDD frame. The RACH Acknow edgnent
Bit ingj es wh t

prior W# rarresefltélrag ern dfﬁ?ésnéf]t gm}ﬁg%éﬁnshﬁ{t cg%g r?(gdr%t e;}gtg?re% 0080]
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i ncl udes a t@h&hiseibn hdfdebi ts. These 120 bits may be transmtted with 10
OFDM synbol s. Tabl e 5 shows one enbodi ment of the format for the BCH
nmessagd0088l her B FESIhgressapenmpy inglude TEepne, Ldnultiphe inforragtionoplements er ent
fields may n t e f e
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for the FCHmythe Relth®prodideanformaridh wdihtve dihRe dsigrment uswﬁmzcnhesoamess
point to convey the resource allocation information for the FCH and RCH

(e.g., the dpaiacsenismiiie eble 6 itoths)vappys figds for ansaremplay S (EhBsssagent of
FCCH PDU 52 ormhdt this enbodi ment, the FCCH PDU includes only a portion 620
for an FCCH massage The FCCH nessage has a variable duration that can
change fromframe to frane, depeﬂdblag’) oFQCIE Mespget of schedul i ng

I nformati on for that frame.The FCCH nessage
duration is|in eddpldstimer ofLQIJSE!M symbol s and gi yen Ri/ the FCCH Length
field on the W‘%’% on of massage LY ng the divergity
node (e.qg.} é gg is given in even nunber of OFDM synpols
because t hENgm/er sity nodef t ramsm L NufabbNfIRE BRI Sded in B FGCH3Ressagd084] | I n
an enbodi nent,_the FCCH can he fran tted nusing four possible rates. The
specific rate used for the N-GBrnfeDation elements;BBcl inghaling i ndi cated by t he
FCCH Ph
CHPY  METyre 4 |IEtype
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,



Mode field in the BCH nessage. Each FCCH rate corresponds to a particul ar
code rate and a particular nodul ation schenme and is further associated with
a particular transm ssion node. [0085] An FCCH nessage nmay i ncl ude zero,
one, or nultiple information elenents (I1Es). Each information el enent may
be associated with a specific user termmpal and may be used to provide

I nformation indicative of the assignnent of FCH RCH resources for that user
terminal. Table 6 lists the various fields for an exenplary FCCH nessage
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frame. For each information elenment (IE) included in the FCCH nessage, the
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Fr ans o oronvallig Epfasied i Redi paloey e Rd chake TesFimeheen ciims ofabesene
speci fi C usefe|ies1destribk@tn MMhePddtiebdlghvor mati on el ement is intended. Each
user termnal registers with the access point at the start of a
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idle during a connection. Thus, a number of types of IE are defined for use to allocate

FCH/RCH resources for different types of transmissions. Table 7 lists an exemplary set

of IE types.
Table 7 - FCCH IE Types
IE Size
IE Type IE Type Description
(bits)
0 48 Diversity Mode Diversity mode only
| 7 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, | 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



[0088] The Control Fields are used to convey channel assignnent information
for the user termnal and are described in detail below The Padding Bits
field includes a sufficient nunber of padding bits so that the overall

| ength of the FCCH nmessage is an even nunber of OFDM synbols. The FCCH CRC
field includes a CRC value that may be2ased by the user termnals to
determ ne whet her the received FCCH nessage is decoded correctly or in
error. The Tail Bits field includes zeros used to reset the convol utional

encoder to t t

fields are réléuc(rg\ﬁnxeg f?Iﬁﬁ} &'frh gf‘&aﬁallbglfog :Blggrafea%%lc 'ﬁ?e&¥ L{%?%‘Z
transm ssi ofletddadepeadsyiyfor tmchb}yi mad{mmwmé\m@cmﬁtmmcﬁt@s thet loeatfontbfand
RCH, as indicated in_Table 1. Moreover, a user term nal may be active or

idle duri ngmﬁF%%B%PDW@WS@W&%PS%@W%@S Tablg %lléﬁséht?jé#'ﬂ%die?@r use

to allocate r pes of transm ssions. Table 7
lists an exefr%ll aF&gs_'e)( @‘i‘%ﬁ%@&gﬁhﬁ%@@%&&m |E Types |E Size IE
Type (bits) IE Type Description O 48 Diversity Mde Diversity node only 1
72 Spatial Miltiplexing Spatial multiplexing node - Mdde variable rate
services 2 48 Idle Mde Idle Fableéd = ﬁlépq(&%déervi ces 3 48 RACH
Acknow edgy W—R@WL frverstty node—4 BeanmrSteertng—ivbge
Beam st eer{ ng node 115 - Res EﬁthRnserved for fﬁg#;.{?déﬁe [ 0090] For |l E
types 0, 1]andpfranic@&ONafRS are @idpcated to a specl user termnal for
both the FCHd.and RCH (i e __inl channe|l pairs) For IF type 2 m ninal
resources dlETyaﬁHocat ed to the u§er & tipsal on the FCH and RCH to mailntain

-1 -dt oy U| I.IICI] . i"l"":ai'”‘ eat
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can be indgpendentiy assigned [0 tNe U offsk B tart of D ‘f@rﬁe)’pe UOland 4
are used t opraH ofgdte FCH RCH resogr ce for0 efeglﬂgéerspty andD eam st egring

nodes, respectively. For fixedj!| ow raféin@FdMembods)g., voice), the rafe

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 preamble 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.
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0094]

(0095]

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 includes 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 6 dB, where

Jis a system parameter.

10

Decrease uplink transmit power by d dB,

where Jis a system parameter.

11

Not used




Table 9 - Preanbl e Type Type Bits Preanble Size 0 00 O OFDM synbol 1 01 1
OFDM synbol 2 10 4 OFDM synbols 3 11 8 OFDM synbol s [0095] The RCH Ti m ng
Adj ustnent field includes two bits used to adjust the timng of the uplink
transm ssion fromthe user termnal identified by the MACID field. This
timng adjustnment is used to reduce inteyference in a TDD-based frane
structure where the downlink and uplink transm ssions are tine division
dupl exed. Table 10 lists the values for the RCH Timng Adjustnment field and
t he associated actions. Table 10 - RCH Tim ng Adjustnment Bits Description
00 Maintain current timng 01 Advance uplink transmt timng by 1 sanple 10

Del ay (g nk trapgbhannkMhddgnpient ford iHel ﬂeﬂ{lﬁémse@aeﬁmhgp%@ B ro%iaédpawer

Contro flel d includes two bits used to adjust the trans ower of the
upl i nk t r aneatiogs manndrs.omn amembddament |tlm6dua@smnmrw& 3] asaignecrﬁcmsibreswmr ol

I's used to reduce.interf [ Table 1 t he vaI ues for
e ReH | PoREOT e FurreRt P TEaEe ¢ ongtis ebioa Pt ng FCHURCTH bevuc?

Power Cont ré%klg n&ll 18 RS &drid] Oftr %hMTDD Ardin€ Wniti® NéankE188S M1k ?&“@ﬁotﬁ&

I ncrease uplink transmt power by BdB, where Lis a system paraneter. 10

Decr ease up¢mbddimentnthei FCHREH rbspuBeB are odsigned it @@uwscmm@iafpanwﬁ m—thll Not
u2e9 24, LORSR) oahe SARRIS AR oS okl RSO RS ™
assi gned FCh#Bieht tRR9WIRSignment may be indicated by an Assignment Type field in the

FCCH information element.

[0098] IE type 1 is used to allocate FCH/RCH resources to user terminals using the

spatial multiplexing mode. The rate for these user terminals is variable, and may be

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

exemplary IE type 1 information element.

Table 12 - FCCHIE Type 1

Fields/ Length
Description
Parameter Names (bits)

IE Type 4 IE type
MAC ID 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 ? (in OFDM symbols)

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




for only the current TDD franme. |In another enbodinent, the FCH RCH resources
are assigned to the termnal for each TDD frane until canceled. In yet

anot her enbodi ment, the FCH RCH resources are assigned to the user term nal
for every n-th TDD franme, which is referred to as "deci mated" scheduling of
TDD frames. The different types of assignnent may be indicated by an

Assi gnment Type field in the FCCH information elenent. [0098] IE type 1 is

used to allocate FCH RCH resources to user terninals using the spatial
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MAC I D 10 Tenporary ID assigned to the user termnal FCH offset from end of

FCCH FCH O fset 9 (IEn OFDM synbol s) FCH Preanbl e Type 2 FCH preanbl e size
(i n OFOMYynbol skor IECypeshahe sqte tmanﬂbwamalmémndnmt@ sekﬁcteuhadmdeﬁw ozpat i al

chance! L PR B Al o e B b i e 5200
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and the receiver performs the spatial processing to isolate and recover the data (for the
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 state, 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
Description
Parameter Names (bits)
IE Type 4 IE type
MAC ID 10 Temporary ID assigned to the user terrinal
FCH Offset FCH offset from end of FCCH (in OFDM symbols)

RCH Offset RCH offset from end of FCH (in OFDM symbols)
RCH Preamble Type RCH preamble size (in OFDM symbols)

9

FCH Preamble Type 2 FCH preamble size (in OFDM symbols)
9
2

Reserved 12 Reserved for future use




25 RCH Timng Adjustnment 2 Timng adjustnment paraneter for RCH Reserved 2
Reserved for future use [0099] For IE type 1, the rate for each spati al
channel may be sel ected i ndependently on the FCH and RCH. The
interpretation of the rates for the spatial nultiplexing node is general in
that it can specify the rate per spatial2e¢channel (e.g., for up to four
spatial channels for the enbodi nent shown in Table 12). The rate is given
per eigennode if the transmtter perforns spatial processing to transmt

o1 oty 00}T 7 PERERBE Sris S R BYFuiad Qi 4o g BRAERA Dottt bEDRTiret o e

the spati al (piceeRSthit RYsted Vi heaRACGHN Toegy tcebN that slehPbr t&ndnOott eer ed
spatial nmultiplexing node). [00100] The Information element includes the
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Spat i ol Craie tee’ BREmpCoR e RACEBOL RS E R om0 R e’

with four tRACHIAkheSRIYEmEIBiAASet. USKEIE Hiisnde dlySthvd dcbesdQyotnttib any fuder
transmt antennas nmay use themto transmit up to tour independent data

streanms. [OBmOiFRl pEs sygsessful i agsesgingdhe syplgra @nd @ntacknowledgmenttis daingsentuser
term nal s oper

termnal is ?{1%9 Pﬁ?&s@s{l@!“g‘sfg'téiﬁﬁeﬁ%tp\ygﬁt‘ﬁ@ﬁiﬂeﬁwe\{qﬂﬁgﬁ%{eéﬁﬁ% nt

and user tepiocéits {Hel FGOHEL fodlacRiodEshdh séitonChstFCUH! | IE Ty%&iatiﬂ‘énﬁ_ﬁtidrhat
data transm ssion can start quickly 1f and when resuned. Table 13 lists the

various fi eflggents aggseakifiihg agopss) pointydsaires o aekaondedgerihat|ibeasractly vegnded tie -

B type waekrGH BTl famafothl CEatal il fBLARE TSR TabE (£ iy gV ¢
FCH of f set {4rivns €ietlsff aﬁ@ﬂﬂn?liafy BFD)fesyinbsrhlion Elehleht.eanbl e Type 2 FCH

preanble size (in OFDM synbols) RCH Ofset 9 RCH offset fromend of FCH (in
OFDM symbol s) RCH Preanbl e Typkable ke BeeBE Bypside (in OFDM synbol s)

Reserved IZ_RE?Emaislf or—f uttléncgtﬂb 7t
_ Description
Parameter Names (bits)
IE Type 4 IE type
MACID 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 results 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
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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 user 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

system 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.

In one embodiment, the new FCCH structure, also 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



Wrd Efficiency Rate Scheme OFDM OFDM 27 (bps/Hz) synbol synbol 0000 0.0 -
off - - 0001 0.25 '/4 BPSK 12 48 0010 0.5 '/2 BPSK 24 48 0011 1.0 '/2 QPSK
48 96 0100 1.5 3/4 QPSK 72 96 0101 2.0 '/z 16 QAM 96 192 0110 2.5 5/8 16
QAM 120 192 0111 3.0 3/4 16 QAM 144 192 1000 3.5 7/12 64 QAM 168 288 1001
4.0 2/3 64 QAM 192 288 1010 4.5 3/4 64 216 288 1011 5.0 5/6 64 QAM 240
288 1100 5.5 11/16 256 QAM 264 384 1101°'6.0 3/4 256 QAM 288 384 1110 6.5
13/ 16 256 QAM 312 384 1111 7.0 7/8 256 QAM 336 384 [00105] While the FCCH
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also referre as a tiere ontro hannel ISt uct Uur e or segre

control chansfelarious dofatioss (eeg. SFDD- TDMmtd).s ess $Ralvh ifa18. 7, the TDD MAC frame 700
is partitioned into a downlink phase (also called downlink segment) 701 and an uplink
phase (also called uplink segment) 751. In this embodiment, the downlink phase is
further divided into three segments for the three corresponding transport channels — 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. In this example, the FCCH segment is divided into four FCCH subchannels
(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
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
multiple of two OFDM symbols.

Table 16 — FCCH Subchannel Data Rates (STTD)

FCCH Efficiency Code Rate | Modulation | Information | Total SNR
Subchannel (bps/Hz) Bits Per for 1%
STTD Frame Error
OFDM Rate (FER)




control channels (e.g., 4 distinct control channels). Each of these distinct
control 28 <channels, also called control subchannel or FCCH subchannel
herein, can operate at one of the nultiple overhead data rates (e.g., one
or four different data rates as nentioned above). [00107] FIG 7

il lustrates a diagramof a new FCCH strgoture within a TDD MAC frane, in
accordance with one enbodi nent of the invention. It should be understood by
one skilled in the art that while TDD- TDM frane structure |s used in this
exanpl e f gr—the—punposes of T ostTatTomanmd expl j”aﬁﬁ‘t') re—teactings of
the present inventidn are not [ limted tjo TDD frang %ruc ur¢ but can &l so

be applied tpcedaroous otgrey frianme (g25 uctur eppSEf variouws dur ati ongdge. ¢. ,
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into a downl F&&Hphade (aP§o cal | edOdownl | nkB§§I§rTen ) 76¥ and|an ZLQJIIB nk
phase (al e eg t pl mil chﬁ“n{—ﬁ 5t S efrpoth et th% 'l 1k
phase is flﬁ‘?q:lglh dijvided into thrg seghre p? 30 he tTrree ¢o nd| ng
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phase is flur er‘partitioned into two segnents fof the two (orrespondl ng

transport channels - the RCH 740 and the RACH 750. [00108] As shown in FIG

7, the FCCH segnent is divided or partitio ple distinct FCCH
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Subchannel wlipis/AGQH BubshaiRee! foosendl%ontrol data to a UT based on various factors or

selection criteria. These various factors or selection may include link quality
information or operating conditions of the user terminals (e.g., C/I, 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).
[00110] 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_0 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 is used to indicate the
presence/absence of higher rate FCCH subchannels in a particular order. For example,
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 O (the least significant MASK bit) is set to



STTD Frame Error

OFDM Rate (FER) 29 synbol

FCCH 0 0.25 0.25 BPSK 24 -

2.0

dB FCCH 1 0.5 0.5 BPSK 48 2.0 dB FCCH 2 1 0.5 QPSK 96 5.0 dB FCCH 3 2 0.5

16 QAM 192 11.0 dB [00109] As shown in Table 16,
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subchannel 3 (MASK bit 2). The correspondi ng subchannel MASK bit is set to a
particular value (e.g., 1) to indicate the presence of the respective
subchannel . For exanple, if the value of MASK bit number 0 (the | east
significant MASK bit) is set to 30 "1", this indicates the presence of
FCCH 1 subchannel. Pad bits are provided3ﬁo achi eve an even nunber of OFDM
synbol s in each subchannel. In one enbodinent, each FCCH subchannel is
capabl e of providing scheduling information for nmultiple user termnals
(e.g., 32 users). The |E types described above can be used for the FCCH
subchaf®Bil, TabFEG7illustreies asflosh dingeam oifr 4 apathed 8080M epcoplanse VAGCHNMASK 3

0o 0 e e S Ty TR, R 2 5
Rate 2 | E s cRarferidisegreghted b6 parfitiohedintd-@phirality Bf ssbdNannd1Eektht 6F whith bétage 3
'Es operable at a specific data rate. At block 820, control 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_0 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 embodiment 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:

(1) Failure to correctly decode an FCCH subchannel;
(i) Receipt of an assignment;
(111) 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_0 is decoded at block
915. 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 925, 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



0 Padding CRC 16 -771 Tail 6 31 [00111] FIG 8 illustrates a fl ow di agram
of a nethod 800 in accordance with one enbodi nent of the present invention.
After a start at block 801, at bl ock 810, as described above, a control
channel is segregated or partitioned into a plurality of subchannels each of
whi ch being operable at a specific data rate. At bl ock 820, control

I nformation including resource allocatiolinformation is transmtted from
an access point to a user termnal on a particular subchannel of the
plurality subchannels selected for the user termnal, based on one or nore
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passes, thehprocesy gy oopledented by (vakomﬁleans For example, the processing at the

access point and user terminal may be implemented in hardware, software, or a
combination thereof. For a hardware implementation, the processing may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (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 seftware 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 is 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



to determ ne whether the corresponding MAC ID is present, otherw se the
process proceeds to block 930 to process the next MAC frane. At bl ock 925,
if the corresponding MAC ID is present, the process proceeds to bl ock 940
to obtain the assignnment information provided by the access point.

O herwi se, the process proceeds to block3935 to check if nis equal to 3.
At block 935, if nis equal to 3, the process 32 proceeds to block 945 to
initialize the FCCH MASK field to indicate that all FCCH subchannels have
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used to i ndipgatiplesRfiREEREBIMSaPBE Atiedito Do hdbRAMHOithbG Whartink SrdnCH
subchannel . For example, the first bit (bit O or the |east significant bit)

of the FCCrheviirt oF sqopeiof thes ayention. ndibesathe prseens ivation/inpseminded to be

subchannel 1. .phe.  second bit (bt h Xt sigpifi bit) .of the
FCCH_MASK f%@P%ﬁig)ﬁgégmﬁgapﬁa CﬂFQ% ﬁﬁgﬁbgggghgﬁﬁﬁbgéé%%gg%é§ﬁﬁ%ﬂaﬁﬁ8? 2,
and so on. ’éb@siaémﬁﬂsm&fpﬁncigre@@ﬁ@daven@edmr_egéﬁscla&!a Hegeiflet er m ne whet her
there are any active FCCH subchannels remaining to be decoded. If there are

nore active FCCH subchannels to be decoded, the process proceeds to bl ock
960 to incr tT?%b&AEI@EE@ t active FCCH subchannel. Qtherw se the
process proc ‘to process the next MAC franme. [00114] Vari ous
parts of the M MO WLAN system and vari ous techni ques descri bed herein may
be inplenented by various neans. For exanple, the processing at the access
poi nt and user term nal may be inplenented in hardware, software, or a

conbi nati on thereof. For a hardware inplenentation, the processing nay be

i npl enented within one or nore application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal processing

devi ces (DSPDs), programmable |ogic devices (PLDs), field programmbl e gate
arrays (FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic units designed to performthe functions
described herein, or a conbination thereof. [00115] For a software

i npl ementation, the processing nmay be inplenented with nodules (e.g.,
procedures, functions, and so on) that performthe functions described
herein. The software codes may be stored in a nenory unit 332, 382x and 382y
and executed by a processor. The nmenory unit may be inplenmented within the
processor or external to the processor, in which case it can be

comuni catively coupled to the processor via



various neans as is known in the art. [00116] Headi ngs are included herein
for reference and to aid in locating certain sections. These headings are
not intended to limt the scope of th%4concepts descri bed therein under,
and these concepts may have applicabilI'ty in other sections throughout the
entire specification. [00117] The previous description of the disclosed
enbodi nents is provided to enable Isf%son skilled in the art to nmake or
use the present invention. Various éi iTations to 33 these enbodi nments
will be readily apparent to those skilled in the art, and the generic

princi ples defined herein may be applied to other enbodi nents w thout
departihg framethdiefos ptacessigy inkoropdowin 4 benmorieatiomsysteityesmptikiegpr esent
invention is not intended to be linmted to the enbadinents shown herein but
is to be accRirdaniagacortedshanigbped felrsauEiag captre 1plgEmatonEigs Blralky novel
freat ur o 61 @BEEhaREk Splatc i iilor AN cSiind dondhl VB 1. A et hod for
processing I nformation rn a conmuniFcation system conpfising: partitioning

a control chatwthg used of othet camesh tibchghneBnts dbe ivsEdrioat froa3mithing eoruolir al i ty
of control subchannels oFe_rat ed according _to different coding schenes;
sel ect i mépravgaonfromyebasg statien oy rspestive modils sloksdd for transnitting control

I nformation tfrin%lﬂit?ing%&?tpﬁtiﬂfoklggti(g Ofr&nrtﬁ?igfsgts{a\’ign %)F #)Lu%ic?fa?Ho(Bne tsf?iﬂgq. on
transmtting controfF Tnformation tromthe base station to a particular

nobi | e spatibear ibchanpldelderidl far the wbpbanraholirlsestivad for the respective
nobil e station. 2. The nmethod of claim1, further conprising: including one
or nore bits in a first subchannel to indicate the presence of at |east a
second subchannel, 3. The nethod of claim2, wherein the one or nore bits

conpri sg: a phatmedhbl bf ehilRilt further édiiistie the presence of a plurality of
subchannel s operated at a hi gher data rate than the first subchannel. 4. A

met hod for pnolidig ang drrhorerhitsiion first subchanmghicciadicete by presanceceingireast ag:

receiving control information, transmtted on a first of a plurality of
control Se%%?fg%’ﬁ?éﬁﬂwg of a control channel; and

3. The method of claim 2, wherein the one or more bits comprise:
a plurality of bits to indicate the presence of a plurality of subchannels operated at a

higher data rate than the first subchannel.

4, A method for processing information in a communication system, comprising:
receiving control information, transmitted on a first of a plurality of control
subchannels of a control channel; and
detecting, based on cone or more bits of the control information, the presence of at

least a second control subchannel.

5. The method of claim 4, wherein:
the second control subchannel is operated at a higher data rate than the first control

subchannel.

6. The method of claim 5, wherein the one or more bits comprise:
a plurality of bits to indicate the presence of a plurality of subchannels operated at a

higher data rate than the first subchannel.



detecting, based on one or nore bits of the control information, the
presence of at |east a second control subchannel. 5. The nethod of claim4,
wherein: the second control subchannelﬁ'rs operated at a higher data rate
than the first control subchannel. 6.7°The nethod of claimb5, wherein the
one or nore bits conprise: a plurality of bits to indicate the presence of a
plurality of i . h he f.irst
Subchanibl + 45 PHAR S BREH AR ibohafen HaoRm At ok B} Rk Mlndriind
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for trangoidtiondrae®abagy statihhab watdpacivermobitd@atiasendst ation to a particul ar
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at Ieas{g gg&gg%g %E@fzg@r‘f?\% .]gélé%cgfoég%arr%glk%tgg‘%o?l%g]ll%%}% , Wherein the one
or nore bits conprise: a plurality of bits to indicate the presence of a
plurality of subchannels operated at a higher data rate than the first

subchannel . . _An aratus.for. processing information in a conmunication
syst em %conpgr?‘giaﬁ%@rgtggrﬁgﬂgm Z)’rf%FtB%eciompﬁ{jm&nt rol information, transmtted on

a first of apphyy %riiﬁauah%%ﬁabf Rlore BHPHNANRELSHRAnR] GO HdiQke hBFNERhe sind
nmeans for detecting, based on one or nore bits of the control information,

the presknaste sofondtsubédmenela second control subchannel. 11. The apparatus of
cl aim 10, wherein: the second control subchannel is operated at a higher
data rate than the first control subchannel. 12. The apparatus of claim 11,
wherein the one or nore bits conprise: a plurality of bits to indicate the
presenc®. of dhplappahtus pf dhins 8 owhasinahs owparmbredi@aicomprise:

a plurality of bits to indicate the presence of a plurality of subchannels operated at a

higher data rate than the first subchannel.

10. An apparatus for processing information in a communication system, comprising:
means for receiving control information, transmitted on a first of a plurality of control
subchannels of a control channel; and
means for detecting, based on one or more bits of the control information, the

presence of at least a second control subchannel.

11.  The apparatus of claim 10, wherein:
the second control subchannel is operated at a higher data rate than the first control

subchannel.

12.  The apparatus of claim 11, wherein the one or more bits comprise:
a plurality of bits to indicate the presence of a plurality of subchannels operated at a

higher data rate than the first subchannel.

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



hi gher data rate than the first subchannel. 13. An apparatus for processing
information in a conmuni cation system conprising: 36 a controller for
partitioning a control channel used f03r6 transmtting control information
into a plurality of control subchannel’s operated according to different
coding schenes and for selecting one of the control subchannels to be used
for transm t4iagHBt ik pdeifiGhiBt s ObordoPAnRAS Gscf Aok Ollorshidhink CTRRENT Ve
nobil e station; and a trahsm tter for transmtting control intoPmation from
t he basmfstrationrintooa @lyralityi afudcatrol suinhhenedd apérated aocardpgy to differont subidhannel
selected for the respective ile station. 14. The apparatus of claim 13,
wher i nSRBES 8R 251 BEURE OBOAF E@Lﬁoeaolt Bbrhannglgdo gﬁém@ff Rordramsmisfing Cpairel 1 1 st
subchanfglmfoh Rl £ el ioR68 SPERe lbileSffopaaecond subchannel . 15. The
apparatus of claim 14, ereint one or nore bits conprise: a plurality of
bits to indi catesminer foresemasting centpll infatmationofiors ubhe hasenedt®nap er@ttechlat a

hi gher data rate than the firs suijchanne . 16. An apparatus for processing
i nf or mafio8Ne FALGN ebARAMICRIAE Phshanpe %Ct%é%ﬁesf???@?t“é" @RS 81O or r ecei vi ng
control information, transmtted on a first of a plurality of control
subchannel s of a control channel; and a controller for detecting, based on
one or nore bits of the control information, the resence of at |east a

second &ént r dhe apnssstaneleslaim 13, wheeeip Bisaoatrolerds cenfigussdite, inglide enapr meys
d t | s ted hi han the first
cont r ol DTS st HBERARRCto 1B BN BoRk oy Ml P Ler R BB 12" o1 001 ' For

bits conprise: a plurality of bits to indicate the presence of a plurality
of subchannel s operated at a higher data rate than the first subchannel.

by o eI ngh GAHIGHYS HEHEL R AEhern B SR BE PR ORI Rl i ng:

partitioningg PLEAY A big e MBEats! 8RR HAR %[U'rﬁl‘it?'lﬂ sBBEHahRLs bpérafedBi laON
into a plurality 3 of control subchannels Operated according to different

codi ng Sghendsds ragethen therfyrsosvbelrinnebhe control subchannel s to be used for
transmtting control information froma base station to a respective nobile
station; and

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

a receiver for receiving control information, transmitted on a first of a plurality of
control subchannels of a control channel; and

a controller for detecting, based on one or more bits of the control information, the

presence of at least a second control subchannel.

17.  The apparatus of claim 16, wherein:
the second control subchannel is operated at a higher data rate than the first controt

subchannel.

18.  The apparatus of claim 17, wherein the one or more bits comprise:
a plurality of bits to indicate the presence of a plurality of subchannels operated at a

higher data rate than the first subchannel.

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

partitioning a control channel used for transmitting control information into a plurality



transmtting control information fromthe base station to a particular
nobi l e station on a particular subchannel selected for the respective
nobi l e station. 20. The machi ne-reada%lge medi um of claim19, further

conprising instructions for: includi
to indicate the presence of at |least a second subchannel. 21.

subchannel

one or nore bits in a first

The Tl DG PAPR eI U e HapleT ABrerSLED dnane of rore bits

conpri se:

ur he presencé’of a plurality of

subchannel s @fpetiageshatofathehicgtes] daicharr@lse té Nen Usb@ for r ginsatibimgasanatol 22. A
machi ne-readabl e medj um conpri sing instructions which, when executed by a
machi nelnfgramssan {pE HBaskisHEON 0 passPertive spinlssiaas; adcl udi ng: recei vi ng

control inf O{r&hjiﬁiﬂﬁ c?é?&% g Qrpgﬂ t%ée Pgste s?aftioﬁ t@é?@ﬂ'lciufa}‘ nffbilE QbR bn

subchannel s 0

a Cconft channe ectl ng, on Oohe or nore bits

of the geatitwlhr dubthuniel deddeted foethpreseade mbbiktstatidast a second contr ol

subchannel .

23. The machi ne-readabl e medi um of claim 22, wherein: the second

control subchannel is operated at a higher data rate than the first control

subchannel .

24. The machi ne-readabl e nedi um of claim 23, wherein the one or

nore bib¢ COTRY mahindrddbb1a mddvur® bf Blain® 19 Futthél GaiRisianfinREBACHIOf a
plurality of subchannels operated at a higher data rate than the first

subchannel .

including one or more bits in a first subchannel to indicate the presence of at least a

second subchannel.

21.

The machine-readable medium of claim 20, wherein the one or more bits comprise:

a plurality of bits to indicate the presence of a plurality of subchannels operated at a

higher data rate than the first subchannel.

22.

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

machine, cause the machine to perform operations including:

receiving control information, transmitted on a first of a plurality of control

subchannels of a control channel; and

detecting, based on one or more bits of the control information, the presence of at

least a second control subchannel.

23, The machine-readable medium of claim 22, wherein:

the second control subchannel is operated at a higher data rate than the first control
subchannel.
24, The machine-readable medium of claim 23, wherein the one or more bits comprise:

a plurality of bits to indicate the presence of a plurality of subchannels operated at a

higher data rate than the first subchannel.



