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Background
[0003] Wireless communication systems are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These systems may be multiple-access systems capable of supporting multiple users by
sharing the available systemn resources. Examples of such multiple-access systems
include Code Division Multiple Access (CDMA) systems, Time Division Multiple
Access (TDMA) systems, Frequency Division Multiple Access (FDMA) systems,
Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-FDMA)
systems.
[0004] A base station may transmit data to one or more terminals on the forward link
and/or receive data from one or more terminals on the reverse link at any given moment.
The base station may send signaling to indicate which terminals are scheduled for data
transmission and to convey information pertinent o receive the data transmission. It is
desirable to send the signaling as efficiently as possible since this signaling represents
overhead. Furthermore, it is desirable to send the signaling such that the terminals can
reliably receive the signaling.
[0005] There is therefore a need in the art for techniques to efficiently and reliably send

signaling in a wireless communication system.
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second set of tones in the time slot for the data transmission based on the detected
signaling. If the detected signaling indicates that data transmission is sent, then the
receiver may determine the second of tones based on the detected signaling and may
further process received symbols for the second set of tones (e.g., based on the data rate
from the detected signaling) to recover the transmitted data.

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

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows a wireless communication system.

[0010] FIG. 2 shows an example slot structure.

[0011] F1G. 3 shows a tone structure for sending signaling.

[0012] FIGS. 4A to 4D show four additional tone structures for sending signaling.

[0013] FIG. 5 shows a block diagram of an access point and an access terminal.
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system may implement a radio technology such as cdma2000, Universal Terrestrial

Radio Access (UTRA), etc. ¢dma2000 covers I1S-2000, IS-95 and IS-856 standards.
UTRA includes Wideband CDMA (W-CDMA) and Low Chip Rate (LCR). A TDMA
system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), 1IEEE 802.11 {Wi-Fi),
IEEE 802.16 (WIMAX), IEEE 802.20, Flash-OFDM®, etc. These various radio
technologies and standards are known in the art. UTRA, E-UTRA and GSM are
described in documents from an organization named ‘“3rd Generation Partnership
Project” (3GPP). cdma2000 is described in documents from an organization named
“3rd Generation Partnership Project 27 (3GPP2).

[0025] For clarity, certain aspects of the transmission techmigues are described below
for a High Rate Packet Data (HRPD) system that implements IS-856. HRPD is also
referred to as Evolution-Data Optimized (EV-DO), Data Optimized (DO), High Data
Rate (HDR), etc. For clarity, HRPD terminology is used in much of the description

below.
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chips and may carry traffic data (c.g., unicast data for specific access terminals,
broadcast data, etc.) and/or signaling.

It may be desirable to use orthogonal frequency division multiplexing {(OFDM)
and/or single-carrier frequency division multiplexing (SC-FDM) for the traffic
segments. OFDM and SC-FDM partition the system bandwidth into multiple
orthogonal subcarriers, which are also referred to as frequency bins, etc. Each
subcarrier may be modulated with data. In general, modulation symbols are sent in the
frequency domain with OFDM and in the time domain with SC-FDM. OFDM and SC-
FDM have certain desirable characteristics such as the ability to readily combat
intersymbol interference (ISI) caused by frequency selective fading. OFDM can also
efficiently support multiple-input multiple-output (MIMO) and Spatial Division
Multiple Access (SDMA), which may be applied independently on each subcarrier. For
clarity, the use of OFDM for sending data and signaling in the traffic segments is
described below.

It may also be desirable to support OFDM while retaining backward
compatibility with earlier HRPD Revisions. In HRPD, the pilot and MAC segments
may be demodulated by all active terminals at all times whereas the traffic segments
may be demodulated by only the terminals being served. Hence, backward
compatibility may be achieved by retaining the pilot and MAC segments and modifying
the traffic segments.

FIG. 2 shows a design that supports OFDM using the HRPD slot structure. In
this design, R OFDM symbols may be sent in a slot, or R/4 OFDM symbols per traffic
segment, where R may be any suitable integer value. In general, OFDM symbols may
be generated based on various OFDM symbol numerologics. Each OFDM symbol
numerology is associated with specific values for pertinent parameters such as OFDM
symbol duration, number of subcarriers, cyclic prefix length, etc. Table 1 lists three
OFDM symbol numerologies and gives the parameter values for each numerology, in

accordance with one design.

Table 1

Numerology

Parameter 1 2 3 Unit

Number of subcarriers N 180 20 360
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OFDM symRoh Sodgo8ssk$ 4 per slot Nunber of tones PCT/US2007/074628
6
Cyclic prefix length C 20 10 40 chips
OFDM symbol duration 200 100 400 chips
Number of OFDM symbols R 8 16 4 per slot
Number of tones T 1440 1440 1440 per slot
[0032] In the design shown in Table 1, each slot may include a total of T =1440 tones.

[0033]

[0034]

A tone may correspond to one subcarrier in one symbol period and may be used to send
one modulation symbol. A tone may also be referred to as a resource element, a
transmission unit, etc. Some of the T tones may be reserved for pilot, and the remaining
tones may be used for data and/or signaling.

An access point may send data to one or more access terminals in each slot. The
access point may also send signaling in each slot. The signaling may also be referred to
as preamble, scheduling information, control information, overhead information, etc. In
general, the signaling may comprise any information to support data transmission on the
forward and/or reverse links. The signaling may be for any number of access terminals
and comprise any type of information.

In one design, the signaling may comprise information indicating which access
terminal(s) are scheduled for data transmission on the forward link in a given slot. The
signaling may also comprise information for parameters pertinent to the scheduled
terminal(s) to receive the data transmission sent on the forward link. For example, the
signaling may comprise information related to the data rate used for a scheduled access
terminal. This access terminal may estimate the forward link channel quality for the
access point and may determine a data rate for data transmission to the access terminal
based on the estimated channel quality and/or other factors. The access terminal may
send this data rate on a data rate control (DRC) channel to the access point. The access
point may use the data rate sent by the access terminal or may select another data rate.
The access point may send a rate adjustment that may indicate the difference (if any)
between the data rate selected by the access point and the data rate provided by the
access terminal. The rate adjustment may allow the access point to overwrite the DRC
feedback from the access terminal. The rate adjustment may also provide the access
terminal with the actual data rate used by the access point, so that the access terminal
can avoid having to decode for different possible data rates that can be used for data

transmission.
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access terminal may be determined based on the location of the signaling and/or

conveyed by other means. The sticky assignment indicator may be set to 1 to indicate
that the cuirent resource assignment is ongoing or to 0 to indicate that the current
resource assignment terminates after the current slot. The use of the sticky assignment
indicator may avoid the need to send the same signaling in ecach slot for the same
continuing resource assignment.

[0039] The signaling for a scheduled access terminal may be sent in various manners.
In one design, the signaling may be sent in OFDM symbols during the traffic segments.
The signaling may be sent on tones distributed across the system bandwidth to achieve
frequency diversity and/or across multiple symbol periods to achieve time diversity.

[0040] F1G. 3 shows a design of a tone structure 300 for sending signaling based on the
200-chip numerology 2 in Table 1. In this design, the signaling for an access terminal

may be sent on a set of K tones that may be distributed across the entire system
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[0045] FIGS. 3 through 4D show some example tone structures for sending signaling on
K =32 tones. Other tone structures may also be defined for sending signaling on
different numbers of tones (e.g., K=16, 64, 128, etc.) and/or with different
distributions of the K tones across frequency and time. Placing the K tones closer

together in frequency and time may improve orthogonality among possible codewords

sent for the signaling, which may improve decoding performance. Distributing the K
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remai nder part of the signali i'ng may puncture (o
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Derm nal - S5RRE b oD, B9 sfamalfe BREFRYBLN sidls 3Gt SheBIE SR signating
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signaling symbols from transmit processor 510, perform OFDM modulation on these

symbols, and provide output samples for OFDM. A fransmit processor 512 may receive
and process traffic data, pilot, and/or overhead information to be sent with CDM. A
CDM modulator 522 may perform CDM modulation on the output of transmit processor
512 and provide output samples for CDM. A multiplexer (Mux)} 524 may multiplex the
output samples from modulators 520 and 522, provide the output samples from OFDM
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signaling, data, and pilot symbols and map these symbols to the proper tones. In each
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[0054] For clarity, the processing of signaling for one scheduled access terminal (e.g.,
access terminal 120x) is described below. The signaling may include P bits, where P
may be any integer value. In one design, the signaling may include P =10 bits and
comprise an 8-bit MAC 1D and a 2-bit rate adjustment. In another design, the signaling
may include P =13 bits and comprise an 8-bit MAC_ID, a 2-bit rate adjustment, a 2-bit
assignment size indicator, and a 1-bit sticky assignment indicator.

[0055] FIG. 7 shows a block diagram of a transmit processor 510a, which is one design
of transmit processor 510 in FIG. 6. In this design, the signaling for access terminal
120x may be partitioned into two parts and sent on two subsets of tones. One subset

may include K; tones, and the other subset may include K; tones, where K=K, +K,.

Within a signaling processor 610a, which is one design of signaling processor 610 in
FIG. 6, a block encoder 710a may encode M most significant bits (MSBs) of the
signaling with a (K;, M) block code and provide K, code bits. A symbol mapper 712a
may map the K, code bits to K, modulation symbols, e.g., based on BPSK. A gain unit
714a may scale the K; modulation symbols to obtain the desired transmit power for the
signaling and provide K, signaling symbols. A block encoder 710b may encode L least
significant bits (LSBs) of the signaling with a (K», L) block code and provide K; code
bits. A symbol mapper 712b may map the K, code bits to K, modulation symbols. A
gain unit 714b may scale the K, modulation symbols to obtain the desired transmit
power for the signaling and provide K, signaling symbols. In one design, M =L =35,

K, =K, =16, and each block encoder 710 may implement a (16, 5) block code. Other

values may also be used for M, L, K, and K.
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a bi-orthogonal code may be used for the signaling and may nmap a

B- bi t gyisgPal i NG 1y BhiGedih, an 3RRodordl Lodel i

bi - ort[hog]gnal code m@ﬁ%pnf%ou?éoposé?%l eg%\ﬁ‘gb?%edsﬁiggﬂlgfg%hv%fiﬁde?a?(I)nap a
codewor ds ®Fbid6igndling Gluatnda 20-bitAcBeword. HarrexhoglenalWasid eodmmay sepaiolir

d ds i -1)-bit. ort | . cod | | t
codevor ds. PO Zagtiehiing ales v eodsiaity ool ullg bl K " 6 it
described Redigwy. a [ROBRbIIMI RBEL gﬁ&yoaé rﬂlgecpfﬁnth R sphetabl M hAYGnap a Bt.boit

mul tiple parts may all ow fB(_)lr reduction of the number "of tones used
send the sisgnalinghyaluhén aghc dutdodaviond.akfop ek tmplenalbiootiegaral gode may map

bi - h I d 19! h I d =hit .
ci gnal i ng. oar g2 B RRe SanBhaf FOORRRE 6 O T T g Aok

partiti onedrthdchat WeddmbY tusparltcwdewa@d i®=biE-1)PBif brtAByonaP ch@PACHel Qs he
32-bit codeword, and a total of 64 bits may be generated for the

10- bi t si gsaPpPlkegepmry codwardsar Qtigropadsy way talie 5¢ gisad i fag thavsignaling, as
multiple p : based on various considerations such as the
nunber of gi%gczlg??%(ggﬁlts to send, the nunber of tones to use for the
si gnal[0o3g], the désipasdionadi sfthgaignhaligeines tiubtiblp@aftomanndew fet esduction of
100581Wt hi n tra{)ffﬂcﬁ_ processor 620, an encoder 720 may.encode the
traffic dafl PEROGAhdenssadediccwnd thesignalne whonensadetivih apiesthageng! code
rate sel ect,ed tf Qkh f S ] [ LtSto-

rapper 722 ey B e T A BRI CEORRE nb e PG SRR
nmodul at i on vslwhdoe ld2ddintatedobd, This ebiesiprdinganay batpertitibnghimo twd t5-bit

724 may scale th ul ation synbols t bhtain the desire nsmt
bower or - PHES-CRE D RBEORITBRGY e ot baFHB. 4nd YR of G4 isimey be
processor G3fhratdd Bbd @b 109INEdiAPihg 43R MBhe GRRRIANR @MH@@igﬁalfirfg inf Altiple
A gain unit 734 may scale thée synbols fromgenerator 730 to obtain

t he desir egpatts grgrict bgsodven vavipupiodnsidesatdnpsodi aethsi numbes pifisignaling\bits to

o0, T2l 0RO G 3L AR AT o TR RE G B8R

processor @2doingenic@ngs used for traffic data, and map the pil ot
synbol s from processor 630 to tones used for pilot. 100591 The
si gnallf8§8l nay al¥vhiperadhe treqesivs 20neo eaerdsr t/R8Mmawengede tibe taftoded for

separ at el y’s%l?eragleﬁgaﬁg?slg E%rﬁjaﬁaq 100282l P %i%&?ﬂ%g(él%@%@%)éltge 8(&%%% termiélal

design, 13-Dbit si Oor access term ar one

into threeapdmptevide aodd bisd. A- Hinibgdandppehdl?2 mmy tep elnc ostizobiv fohmadulb@on
4) bl ock code %]naﬂ rr%oped to E? toneg, a second 4-bit part that may .
al so be encdabelsees eha merlulapiongcgeme deigemusd bdpp selceted daGtmatey 4 gain

tones, and,g 7@@%@%&& Z‘t(%ﬁggﬁg?gﬁﬁlg(élg 6% 8inkiRe Hggn%g et%h%}hft QB% for the

that nmay be encod wth a code and ma o anot her
16 tones. Inflanddthend peyidgriata syentibBs. bvVithsi givalprorgssoag3he pht getdraned o

into four parts - fir - bi.t rt.that be encoded.wth a (4,
S b ook oSt e frapypiits 5 putr "R shinstinty Tbens o ey sl Time igor
al so be engggdeg obtalid tHeh@slrdd tdhsrh PElef RFSDHIRDndPRRGE %@m%@ﬁﬂﬁ%r AQBRe
tones, a third 3-bit part that may al so be encoded with thé (4, 3)

bl ock code mapichéfscriay mnagnibe Farsignaling spmbels femel prodesnor 02 ththe Iatones

(et Y D RS AP Lt LR 5 T BRSPS

code and seata, aitl B8E t1Rilo0§yhBE1e Fom| 10&REITIB0 tStonboUdFobhiagk di agram
of a transmt processor 510b, which is another design of transmt

proced¥BP] 510 i Thr| €gnaing) Fay halse despayfitiondde i gnalei Hgnfbro aedesencoded
term nal 1%9}3&&@‘1&, B SR bn Abr@ ﬁ?an%vo%uggeﬁssbpéoﬁess. eﬁlson%fdeglgﬂ? ﬁ-bWS{grﬂaling
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be encoded with an (8, 4) block code and mapped to § tones, a second 4-bit part that

may also be encoded with the (8, 4) block code and mapped to another 8 tones, and a
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third 5-bit part that may be encoded with a (16, 5) block code and mapped to another 16
tones. In another design, the 13-bit signaling may be partitioned into four parts - a first
3-bit part that may be encoded with a (4, 3) block code and mapped to four tones, a
second 3-bit part that may also be encoded with the (4, 3) block code and mapped to
another four tones, a third 3-bit part that may also be encoded with the (4, 3) block code
and mapped to another four tones, and a fourth 4-bit part that may be encoded with an
(8, 4) block code and mapped to another eight tones. The signaling may also be
encoded with a single block code and sent on one set of tones.

FIG. 8 shows a block diagram of a transmit processor 510b, which is another
design of transmit processor 510 in FIG. 6. In this design, the signaling for access
terminal 120x may be sent on one of S possible sets of tones, with each set including K
tones, where S and K may be any integer values. Within a signaling processor 610b,
which is another design of signaling processor 610 in FIG. 6, a block encoder 810 may
encode L LSBs of the signaling with a (K, L) block code and provide K code bits. A
symbol mapper 812 may map the K code bits to K modulation symbols. A gain unit
814 may scale the K modulation symbols and provide K signaling symbols. A selector
816 may receive M MSBs of the signaling and select one of S possible sets of tones
based on the M MSBs, where $>2". A tone mapper 640b may map the K signaling
symbols from processor 610b to the K tones in the selected set and may map the data
and pilot symbols to tones used for traffic data and pilot, respectively.

Table 2 gives some example designs of signaling processor 610b in FIG. 8.
These designs assume that the signaling includes P =10 bits, a total of 512 tones may
be used to send the signaling, and BPSK is used for the signaling. Other values may
also be used for S, K, M and/or L for other signaling sizes, other modulation schemes,
etc. For example, QPSK may be used instead of BPSK, and the number of tones may
be reduced by half.

Table 2
Nom of | Num of | Num of | Num of Block Cod
Set Size tone sets | tones/set MSBs 1.SBs (;:{ L) ¢
S K M L ?
256-tone set 2 256 i 9 (256, 9)
128-tone set 4 128 2 8 (128, 8)
64-tone set 8 64 3 7 64,7
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32-tone sct 16 32 4 6 (32, 6)
16-tone set 32 16 5 5 (16, 5)
8-tone set 64 6 4 (8, 4)
4-tone set 128 4 7 3 (4, 3)

Sending the signaling on one of multiple sets of tones may provide certain
advantages. Some signaling bits may be sent via the specific set of tones selected for
use, and the remaining signaling bits may be sent on the selected set of tones. The
number of sets and the number of tones in each set may be sclected based on various
considerations such as the number of signaling bits to send, the number of tones
available to send the signaling, the desired coding gain, detection performance, etc.

FIG. 9 shows a block diagram of a transmit processor 510c¢, which is yet another
design of transmit processor 510 in FIG. 6. In this design, the signaling for access
terminal 120x may be sent on one of S possible sets of tones, with each set including K
tones. Within a signaling processor 610c, which is yet another design of signaling
processor 610 in FIG. 6, a block encoder 910 may encode L. L.SBs of the signaling with
a block code and provide code bits. A symbol mapper 912 may map the code bits to K
modulation symbols. A discrete Fourier transform (DFT) unit 914 may transform the K
modulation symbols with a K-point DFT and provide K frequency-domain symbols.
Unit 914 may also be replaced with some other unitary transformation (with non-zero
entries) that can spread each modulation symbol across all or many of the tones. A gain
unit 916 may scale the frequency-domain symbols and provide K signaling symbols. A
selector 918 may receive M MSBs of the signaling and select one of S sets of tones
based on the M MSBs. A tone mapper 640d may map the K signaling symbols from
processor 610c to the K tones for the selected set and may map the data and pilot
symbols to tones used for traffic data and pilot, respectively.

The DFT processing by unit 914 may provide frequency diversity for the L
LSBs of the signaling. Equalization may be used at the receiver to improve
performance.

In the designs shown in FIGS. 8 and 9, the MAC _ID may be sent in the MSB
portion of the signaling. In this case, cach access terminal may be mapped to one of the
S possible sets of tones based on its MAC ID. Each access terminal may then detect

for signaling on only its assigned set of tones.
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FIG. 10 shows a block diagram of a transmit processor 510d, which is yet
another design of transmit processor 510 in FIG, 6. In this design, the signaling for
access terminal 120x may be sent on a set of K tones. Within a signaling processor
610d, which is yet another design of signaling processor 610 in FIG. 6, a cyclic
redundancy check (CRC) generator 1010 may generate a CRC for the signaling. The
CRC may be used for error detection by access terminal 120x. A convolutional encoder
1012 may encode the CRC and signaling and provide code bits. A puncture unit 1014
may puncture or delete some of the code bits to obtain the desired number of code bits.
A symbol mapper 1016 may map the code bits from unit 1014 to K modulation
symbols. A gain unit 1018 may scale the modulation symbols and provide K signaling
symbols. A tone mapper 640d may map the K signaling symbols from processor 610d
to the K tones for the selected set and may map the data and pilot symbols to tones used
for traffic data and pilot, respectively.

In one design, CRC generator 1010 may generate a 10-bit CRC for 10-bit
signaling. Convolutional encoder 1012 may append 8 tail bits and then encode the 28
total bits with a rate 1/3 convolutional code to obtain 84 code bits, Puncture unit 1014
may puncture 20 of the 84 code bits and provide 64 code bits. Symbol mapper 1016
may map the 64 code bits to 32 QPSK modulation symbols, which may be mapped to
K =32 tones. Other values may also be used for signaling processor 610d.

FIG. 11 shows a block diagram of a transmit processor 510e, which is yet
another design of transmit processor 510 in FIG. 6. In this design, the signaling for
access terminal 120x may be sent on K tones that may be pseudo-randomly selected
from among all tones assigned to access terminal 120x.

Within a signaling processor 610e, which is yet another design of signaling
processor 610 in FIG. 6, a block encoder 1110 may encode L LSBs of the signaling with
a block code and provide code bits. A symbol mapper 1112 may map the code bits to K
modulation symbols. A gain unit 1114 may scale the K modulation symbols and
provide K signaling symbols. A tone selector 1116 may receive M MSBs of the
signaling and possibly other information such as a cell 1D, a slot index, etc. Selector
1116 may pseudo-randomly select K tones from among all tones assigned to access
terminal 120x based on the inputs. A tone mapper 640c may map the K signaling
symbols from processor 610¢ to the K pseudo-randomly selected tones and may map

the data and pilot symbeols to tones used for traffic data and pilot, respectively.
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block encoder may implement a pseudo-random codebook, which may be derived based
on a pseudo-random number (PN) sequence. Each access terminal may be assigned a
unique 48-bit PN sequence that may be updated at the start of each slot. Sixteen
codewords of length 32 may be defined based on the 48-bit PN sequence, e.g., the ni-th

codeword may comprise bits m through m+31 of the PN sequence, where
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where sy is a signaling symbol sent on tone £,
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{0080} In one design, unit 1232 may compute a metric (,, for each possible codeword

m for the signaling, as follows:

K
Re [ZI}‘, é, s,\m]
_ k=1
N & . o
\/—'ZM—I'
2 k=1

On . Eq (2)

where ¢, 1s an estimate of the channel gain for tone £,

Sk 18 a signaling symbol for tone % for the m-th codeword,
N; 18 noise variance, which may be estimated, and

“* > denotes a complex conjugate and “Re” denotes the real part.

The metric in equation (2) may provide good detection performance in terms of false
alarm from the signaling for other access terminals.
[0081] In another design, unit 1232 may compute a metric O, for each possible

codeword n, as follows:

K
RG(ZI} G, S;”"J
_ k=1
0, = —— Eq (3)
_Z E, |¢ | +_tZ|ck|"
2k=l 2 k=1

The metric in equation (3) may provide good detection performance in terms of false
alarm from traffic data and signaling for other access terminals and also when the
received codewords are not orthogonal.

[0082] Signaling detector 1230 may detect for signaling for each of the different
possible resource assignments for access terminal 120x. For each possible resource
assignment, unit 1232 may compute metric Oy, for each possible codeword that might
be sent to access terminal 120x for the signaling. Detector 1234 may compare the
computed metric for each codeword against a threshold and may declare a detected

codeword if the metric exceeds the threshold. A single threshold may be used for all
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channel scenarios, e.g., different power delay profiles, high and low geometries/SNRs,
high and low mobility/Doppler, etc. Alternatively, different thresholds may be used for
different channel scenarios. The threshold(s) may be selected to achieve the desired
false alarm probability and detection probability.

FIG. 12 shows a design of signaling detector 1230 that may be used for
signaling sent with block encoding, ¢.g., as shown in FIG. 7, 8, and 11. The block
decoding may also be performed in other manners. If the signaling is sent with DFT
precoding, e.g., as shown in FIG. 9, then the signaling detector may perform an IDFT
prior to the block decoding. If the signaling is sent with convolutional encoding, ¢.g., as
shown in FIG. 10, then the signaling detector may perform Viterbi decoding.

F1G. 13 shows a design of a process 1300 for transmitting data and signaling.
Process 1300 may be performed by an access point for transmission on the downlink or
by an access terminal for transmission on the uplink. Signaling for a data transmission
may be processed, e.g., encoded based on a block code, a convolutional code, etc.
(block 1312). The block code may be an orthogonal code, a bi-orthogonal code, a static
block code, a dynamic block code, a pseudo-random block code, etc. The pseudo-
random block code may be based on a PN sequence for a receiver (e.g., an access
terminal) to which the data transmission is sent or a PN sequence specific for the
receiver. The signaling may also be partitioned into multiple parts, and each part of the
signaling may be encoded with a respective code. The signaling may also be processed
with a DFT or some other transformation to spread each signaling symbol across
multiple tones. The signaling may comprise an identifier of the receiver (e.g., the
access terminal), information indicative of a data rate for the data transmission,
information indicative of resource assignment for the data transmission, etc. Data for
the data transmission may be processed, e.g., encoded, interleaved, and symbol mapped
{(block 1314).

The signaling for the data transmission may be mapped to a first set of tones in a
time slot (block 1318). The data for the data transmission may be mapped to a second
set of tones in the time slot (block 1316). The first and second sets of tones may be
among the tones assigned for the data transmission. The tones in the first set may be (i)
distributed across the system bandwidth and/or (i) distributed across the time slot or
located in an earlier portion of the time slot. The entire signaling may be sent on the
first set of tones, e.g., as shown in FIGS. 7 and 10. Alternatively, the signaling may

comprise first and second parts, the first set of tones may be selected based on the first
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[0097] WHAT IS CLAIMED IS:



based on at |east one of an orthogonal code, a bi-orthogonal code, a
bl ock code, a tine-varying bl ock code, a pseudo-random bl ock code,
and a convol uti onal code. 4. The apparatus of claim1l, wherein
the at | east one processor encodes the signaling based on a
pseudo-random bl ock code deternined bd$ed on a pseudo-random number
(PN) sequence for an access termnal to which the data transm ssion
is sent. 5. The apparatus of &1 imJ1l, wherein the at |east one
processor partitions the signaling i |tiple parts, encodes each
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encoded parts of Ahmgp@-mgladnh@@i@ the first set of tones. 6.
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signaling into multiple parts, encodes each part of the signaling with a respective code, and sends

multiple encoded parts of the signaling on the first set of tones.

6. The apparatus of claim 1, wherein the at least one processor processes the
signaling with a discrete Fourier transform (DFT) or a unitary transformation prior to mapping to

the first set of tones.

7. The apparatus of claim 1, wherein the at least one processor sends a second part

of the signaling on the first set of tones.

8. The apparatus of claim 1, wherein the at least one processor selects the number of

tones in the first set based on channel conditions for the data transmission.



mappi ng data for the data transm ssion to a second set of tones in
the tine slot, wherein the first set of tones is selected based on a
first part of the signaling. 15. The nmethod of claim 14,
further conpri sing: processi ng the signaling based on at |east
one of an orthogonal code, a bi-orthogdnal code, a block code, a
time-varying bl ock code, a pseudo random bl ock code, a convol utiona
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mapping data for the data transmission to a second set of tones in the time slot,

wherein the first set of tones is selected based on a first part of the signaling.

15.  The method of claim 14, further comprising:

processing the signaling based on at least one of an orthogonal code, a bi-orthogonal
code, a block code, a time-varying block code, a pseudo-random block code, a convolutional
code, a discrete Fourier transform (DFT), a unitary transformation, a transmit steering vector,

and a space-time block code.



27 random bl ock code, a convol utional code, a discrete Fourier
transform (DFT), a unitary transformation, a transmt steering
vector, and a space-tine bl ock code. 22. The conputer program
product of claim 20, wherein the conputer-readabl e nedi um further
conpri ses: code for causing the conpu@r to send a second part of the
signaling on the first set of tones. 23. An appar at us

conpri si ng: at | east .one. prqcessqr to pariition signaldng.into
mul tiple parPs cg%ﬁegﬁoaﬁ%ﬁlaﬁ }'gtw 5 %ﬁﬁ‘&?pgﬁgéé%ﬂ@ ngc?tﬁfgmgﬂ of
pseudosag d@ﬂ?ﬂsé edRiGly Pses@id att dfemasydalingbaRMBstdctfusbi ty of tones
based on the first part of the signaling, and to send the second part
of the signaling on the selected set of tones; and a nenory coupl ed
to the at |dast OREPPABUESYBpLISING: 24. The apparatus of claim 23,
wher ei n t he ;i gNal hABpihs sikRXiind 1924 datd FARMERH 07 firREt MGHeS i HR8 slot,
plurality of tones are assSigned for the data transm ssion. 25.
The appl fsust of tondsdiemgdGeatedie e earlnpdrtippdithe Ems sbof; andnes are defi ned
based on the plurality of ta@n nd_wherein the at |east - .
processor sérfeg% tréjr g fia%?ort%g%%aga Pomanong ?n?rﬁ%tt"?g‘i"é"g%g?‘ g timp slot;
t ones based wiBreih®e icasd fopadléctinf tHeh@sisdepafabhad@omprises medds fof Belecting the
appar atus of clai m 25, erein ch of .the nultiple sets conprises
mul ti plfEstseifddongs bpse BH\IQQ'HS@@W&ggwﬂ%‘PIé?ﬁ'bandvvi dth and over a
predetermned tine interval. 27. The apparatus of claim 23,
wherein the 1Rir strhpagdarsdis dlt@isi1gNRkhAGePMRIbses an identifier of an
access termnal to which the data transm ssion is_sent. 28. The
appar at us ofmegpsforPTessipgdheyignaling baged pa gtleass gae pi Bsthegenal code, a bi-
pseudo- e e ol t 3 t
one of Ogﬁggﬁlgln%ﬁd? [ Ae]rﬁg%lfcoygbaeﬁlﬁg é’eﬁ‘&‘fggdg t %Héfggg%@gﬁgﬁnggoﬁcgﬁ?an

i ndex ebnelttionel ®ideta discrevhiFotridr endatna(DFBns mhissy oansfgmagon, a transmit

steering vector, and a space-time block code.

19.  The apparatus of claim 17, wherein the means for mapping the signaling to the
first set of tones comprises means for sending a second part of the signaling on the first set of

tones.

20. A computer-readable storage medium having computer-executable instructions
stored thereon that, when executed, cause a computer processor 10:

map signaling for a data transmission to a first set of tones in a time slot;

distribute the first set of tones across the time slot such that the tones are located in an
early portion of the time slot; and

map data for the data transmission to a second set of tones in the time slot;

wherein the first set of tones is selected based on a first part of the signaling.

21.  The computer program product of claim 20, wherein the computer-readable
medium further comprises:
code for causing the computer to process the signaling based on at least one of an

orthogonal code, a bi-orthogonal code, a block code, a time-varying block code, a pseudo-



29. The apparatus of claim 23, wherein the at | east one processor
sends the second part of the signaling with higher transmt power
than transnit power for data. 28 30. The apparatus of claim
23, wherein the at |east one processor processes the second part of
t he signaling based on at | east one of7an orthogonal code, a

bi - ort hogonal code, a block code, a tine-varying block code, a

pseudo-r ando | ock code,. a convpl utj onal_ caode, a_di te Fourier

D anst SPRPCLRT: CoReyrorspy S Refot BREF GOV R 4R DEL barrigy

vect or i @efatDR3E fards il tdhiag ket@dend a space-tidé blotk eed@ut er - i npl enent ed
met hod conpri si ng: under the control of one or nore conputer

systens configured with executable instructions, . _partitionin

si gnal i ng i R2o mihe PR EramaHpcEtdpim 20 waerepdhe coprpte-reatablied
part; peeMir sl ARA isp$! &k F81 % afsi WmpRBES sEiLMeR b Aot
of tones gggeéﬁBnQ?h%mgfrst 53?? 5 tﬁe %#gnalfng; an seﬁ%?ng fﬁtl ¢
second opdhd fief set hitosésgnal i ng on the sel ected set of tones. 32
The nethod of claim 31, wherein the selecting the set of tones

conprises sghecti,ng the of .tqones fromanong the nultiple sets of
t ones. 3533.A$%@p%%?§§%n%?$%$ain131, further conprising:

processi ng thlkas esopdcgadito phrtitibe sighgiglihto gniidsie gatcoatprisgatfiratipartehd
an orthogonal code,?ggbi-égtho onal code, %fblock coqe,_a
ti rre-vélrsg‘?fﬁlg PRTL OIS andorp selerd 2 sel i Sorep HoRI@IR g Pluralityaf dangs bassd en

code, ahdfiRChRE & FOUEASngdnanS QMR LEdnd padt dfthd @nalihg B8R BeQEIRBEH 8 of 2
transmt steering vector, and a space-tine bl ock code. 34. An

appar atteresc@dpri si ng: nmeans for partitioning signaling into multiple

parts comriaﬁé;%ggﬁé@ﬁ%@%é%@g?& sssond part; nmeans for

pseudo-rando ones fromanong a plurality of
tones based on the first part of the signaling; and neans for sending
the second part dhe speraigraldmg3owhtrhie thedigutiog isfet a dita tremmgssion, and

35. The ,appar.at us of ai m 34, .wher.ei e.nmeans.for selecting the

set of TERELIRalErRY L Hets S Er ey beIE FREMSP o1 “ones 1 rom
anong the nmultiple sets of tones. 36. The apparatus of claim
34, further 26onpmhs kpp@ratus of claim 23, wherein multiple sets of tones are defined based on the

plurality of tones, and wherein the at least one processor selects the set of tones from among the

multiple sets of tones based on the first part of the signaling.

26.  The apparatus of claim 25, wherein each of the multiple sets comprises multiple

tones distributed across system bandwidth and over a predetermined time interval.

27.  The apparatus of claim 23, wherein the first part of the signaling comprises an

identifier of an access terminal to which the data transmission is sent.

28.  The apparatus of claim 27, wherein the at least one processor pseudo-randomly
selects the set of tones further based on at least one of an identifier of a cell sending the data

transmission and an index of a time slot in which the data transmission is sent.

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

part of the signaling with higher transmit power than transmit power for data.



29 means for processing the second part of the signaling based
on at |east one of an orthogonal code, a bi-orthogonal code, a bl ock
code, a tine-varying block code, a pseudorandom bl ock code, a

convol utional code, a discrete Fourier transform (DFT), a unitary
transformation, a transmt steering véBtor, and a space-tine bl ock
code. 37. An apparatus conpri si ng: at | east one processor

to obtain r ervgg nbols fg)|1 a¥f st set gf tones in atine s
to process ‘é g B UpG 3tdFasrle PEOCEIon RSP, ?ar n

det ect ggboly ?Q@'of e} ,SIthr%ngarsat orsRledf ordeQTaS oRBbJIMall BT ctRo@haBdk Ya
portion of the tinme slot, and to determ ne whet her to process a
second bkwk cofe, adimssvarying hlock cors, 8 pemde-sandamddeck wodarisieneaiénnabensecd on

t he det

pr oces iR TP By Rt B HRERS dor Rl Eeh, Fabinhe Bhed BRBLODAR 5
one prgpesgme bletletadenes the first set of tones fromanong nultiple
sets of tones based on an identifier of an access termnal. 39.
The appar at of ,claim 37, wherein th east one processor

det er m nes gie f Fr SERPLLE 1%?RP§ﬂ%gnFﬁpﬁfﬁﬁgﬂ8n§ plurality of tones
assi gnabl e fu@dertitecditbPofldna B8 fossdoRibubd § psterd cofighide Rithfdxedutaie an
access termnal. 40. The apparatus of claim 37, wherein the at
| east éﬁ%ﬂﬁrﬁﬁessor conputes a netric for each of nultrple codewor ds
based on th AMKE

mul tiple co gﬁgggbgmggaggﬁﬁkgggggkéaﬁ%ﬂga%o JP%E“%@%??%%?ﬁ?déﬁﬁh
codewor d, amdeudbtratdwmly brdectiog e stted tasieg fratmi am@ﬂgaas:é@rabty of tangelbysed dn the
detern?ngd to Hﬁ gen sgnt the detected signaling indicating no
data t rARSH'SL ﬁ“?? @%ﬁ? if none of the multiple codewords is

determ ned tsendxgpviie B&OAd pANLL the signalingbn tHhel@pdataifusnesf cl ai m 37,
wherei n the at Ieast one processor determ nes whether the data

transm ssi o e e det.ect ed, si.gn I|n and process
recei ved sy ol s BPletq’r? g@@%ép’sﬁmﬁ? eogﬁlégt“?gftﬁ? Fteé Gigngs ?CE%‘?‘VSS chgﬁg
i's det grdiich6elohs o @mbeSheSRIMiple sets of toflés.  The apparatus of clai m 41,
wherein if the data transm ssion is determ ned to have been sent, the

at | east one proc ssor ete nlnes tge second set of tones based on
the detect ed3si griaf Pigwe °§ s S farthey SMATiSeSof ¢l ai m 41, wherein if

the data trapsaiss tﬂasécén&iﬁér%ﬂha gnztragtsaéea R RaSAL of SN iRIzohR38de, a
one processor determnes a data rate for the data transm ssion based

on t he bitertbegand! eidgreatlpekrodardipe-vewinsddodkiveds apstudedardmmpblogk ¢asie, 3 he
comput SR TRERRE  BE Pl L PESa dRRy kb domaton o ety 4
one ors&ﬁh&gcﬁmmuﬁmiagm&tﬁmpbhmhbo@mred W th executable instructions,
obtai ning received synbols for a first set of tones in a tinme slot,
grgttrrst s%h'ofﬁ&g%%%ﬂggkggpﬁggated in an early portion of the time
means for partitioning signaling into multiple parts comprising a first part and a second
part;
means for pseudo-randomly selecting a set of tones from among a plurality of tones based
on the first part of the signaling; and

means for sending the second part of the signaling on the selected set of tones.

35.  The apparatus of claim 34, wherein the means for selecting the set of tones

comprises means for selecting the set of tones from among the multiple sets of tones.

36.  The apparatus of claim 34, further comprising:



processing the received synbols for the first set of tones to obtain
detected signaling; and determ ning whether to process a second set
of tones in the time slot for a data transm ssion based on the
detected signaling. 45. The nmethod of claim 44, further conprising:
determining the first set of tones fréf among multiple sets of tones
or fromanong a plurality of tones assignable for the data
transm ssi on based on an identifjer of an access termnal. 46.
The. met hod GIEHES B RORS i Bran e bE e BT R et o BLERy 26 Shfbol <
for theythbgdial &, Obi-dr@BESnal Bod2Di BloBk EhIR, gﬁﬁl@%@ﬁh%ﬁl@(ﬂ@ddd&gi ey ses
conmputing a nmetric for each of nultiple codewords based on the

recei vésndepnietiscodger onpplations! oprst mdiscratpFogrier tymsiorra (RETY apniary
codewor, 188 DR TRLL Qkgceach codeword,
and thﬁso t%ﬁnp%gggﬁ@%ggggggggﬁglgnaﬁ%ﬁgﬁﬁéggﬁ on a codeword
determ ned to have been sent, the detected signaling indicating no
dat a transni3gdsi oAniappaeims cothprmrg of the nmultiple codewords is

determ ned tpo, have been sent,. . .47, The et ho f.clai.m 44
further comdr F%S?H‘é‘? ProGessrig 8?’%%8%‘?“6631 S§m§8§af°rr%’?%g Bof PR i figte stot, to

t r ans mMpssdegathd asefedsynitvds e thediradeisifgogk tdobthih dbfeeted sigBalingaths firs Sét@f
is determned to have been sent, and. processing the received synbols
{ or "t haOiEs PoE S 5 21 GREPORIANA] T iiPhEoUSbLIRHeH SRRt heg o ProCess a

48. AN 3RRasaHSore® MPIE 8hdGiot for a dalBdHEmision BRded iR Ot RERl SY@QIin%; and
synbols for a first set of tones in atime slot, the first set o

t ones bei ng almeasearE doupieddn theatlgaspmetprensssof- the tine ‘sl ot ; means
for processing the received synbols for the first set of tones to

obtain det e%%ed %9 Eﬁ]a%% of%ﬂﬁim 37, whilERNte Jithéas rﬁ%ﬁirggeggg? get‘é\ftﬁ‘ﬁhgetﬁe Rt

process a sécond set of tones in the tinme slot
t r ans misstsifdened fivedhnpmetindtipletsets pEnss bpsed dman idd@tifieT hEarappens dtrosnabf
claim48, further conpri sing: means for determning the first

set of tonesgyfro muld i pl 6-S f f ng..
plurality o?gtongéggggggﬁggﬁggpgg’%h%el5?%8?%%%@%?%@%%%9g§§edggﬁh%ﬁmt
i dent i fsetesf t@fes divnpan@s plemiiyndltones assignable forfthe dap pasatisssondfasad @i an
48, wherei, tq%Hneans for Frocessing t he received synbols for the

first Jegutifier eignaccesytegBingln the detected signaling conprises

40.  The apparatus of claim 37, wherein the at least one processor computes a metric
for each of multiple codewords based on the received symbols, determines whether any one of
the multiple codewords was sent based on the computed metric for each codeword, and obtains
the detected signaling based on a codeword determined to have been sent, the detected signaling
indicating no data transmission is sent if none of the multiple codewords is determined to have

been sent.

41.  The apparatus of claim 37, wherein the at least one processor determines whether
the data transmission is sent based on the detected signaling, and processes received symbols for

the second set of tones if the data transmission is determined to have been sent.

42.  The apparatus of claim 41, wherein if the data transmission is determined to have
been sent, the at least one processor determines the second set of tones based on the detected

signaling.



means for conputing a nmetric for each of nultiple codewords based on
t he received synbol s, means for determ ning whet her any one of
the nultiple codewords was sent based on the conputed metric for each
codeword, and means for obtalnlng t he detected signaling based
on a codemord determined to have been38ent, the detected si gnal i ng

i ndicating no data transm ssion is sent if none of the mul tiple

codewords i det n1ned to ve The .appara

CPaT e’ 1 it pethi R yre TS 477 %R @R M e dpte sapSiiseich R SEBRAREL s

for t he;e@laéem et Stk Sl Qo as e detamihdia dﬁ&t@&tfsﬂthe g8 alahddisdidn bAed @&atha
transm ssion is determ ned to have been sent, and neans for

pr oc es Skgted Fgnaliwendaoesstns dresrepdvedisrabels dorithe ssondset phiqass brsedken A

the detgfihiedadataerate.

44. A computer-implemented method comprising:

under the control of one or more computer systems configured with executable
instructions,

obtaining received symbols for a first set of tones in a time slot, the first set of tones
being located in an early portion of the time slot;

processing the received symbols for the first set of tones to obtain detected signaling; and

determining whether to process a second set of tones in the time slot for a data

transmission based on the detected signaling.

45, The method of claim 44, further comprising;:
determining the first set of tones from among multiple sets of tones or from among a
plurality of tones assignable for the data transmission based on an identifier of an access

terminal.

46.  The method of claim 44, wherein the processing the received symbols for the first
set of tones to obtain the detected signaling comprises

computing a metric for each of multiple codewords based on the received symbols,

determining whether any one of the multiple codewords was sent based on the computed
metric for each codeword, and

obtaining the detected signaling based on a codeword determined to have been sent, the
detected signaling indicating no data transmission is sent if none of the multiple codewords is

determined to have been sent.

47. The method of claim 44, further comprising:

determining a data rate for the data transmission based on the detected signaling if the
data transmission is determined to have been sent, and

processing the received symbols for the second set of tones based on the determined data

rate.
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48.  An apparatus comprising:

means for obtaining received symbols for a first set of tones in a time slot, the first set of
tones being located in an early portion of the time slot;

means for processing the received symbols for the first set of tones to obtain detected
signaling; and

means for determining whether to process a second set of tones in the time slot for a data

transmission based on the detected signaling.

49.  The apparatus of claim 48, further comprising:
means for determining the first set of tones from among multiple sets of tones or from
among a plurality of tones assignable for the data transmission based on an identifier of an access

terminal.

50.  The apparatus of claim 48, wherein the means for processing the received
symbols for the first set of tones to obtain the detected signaling comprises

means for computing a metric for each of multiple codewords based on the received
symbols,

means for determining whether any one of the multiple codewords was sent based on the
computed metric for each codeword, and

means for obtaining the detected signaling based on a codeword determined to have been
sent, the detected signaling indicating no data transmission is sent if none of the multiple

codewords is determined to have been sent.

51.  The apparatus of claim 48, further comprising;

means for determining a data rate for the data transmission based on the detected
signaling if the data transmission is determined to have been sent, and

means for processing the received symbols for the second set of tones based on the

determined data rate.



