(11) Application No. AU 2007257676 B2
(19) AUSTRALIAN PATENT OFFICE

(54)  Title

Preamble structure and acguisition for a wireless communication system

(51)2  International Patent Classification(s)
HO4L 27,26 (2006.01) 20060101AF12008022

HO4L 27726 8BHEP
PCTAUS2007-071028
(21) Application No: 2007257676 (22) Application Date: 2007 .06 12

(87)  WIPO No:  wop7.-146952

(30) Priority Data

(31 Number (32) Date (33) Country
60-813,483 2006 .06 .13 us
11/746,111 2007 .05 .09 us

(43) Publication Date : 2007 12 21

(1) Applicant(s)
Qualcomm Incorporated

(72) Inventor(s)
Wang, Michael Mao

(74) Agent/Attorney
Madderns Patent & Trade Mark Attorneys, Level 4 19 Gouger Street, Adelaide, SA, 5000

(56)  Related Art
WO 2005-074222
Category* Citations Relevant to Claims
X
us 2006-0028976
us 2005-0281290
WO 2007-137276




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Tnternational Burcan

(43) International Publication Date
21 Decemher 2007 (21.12.2007)

(10) International Publication Number

WO 2007/146952 A3

(51) International Patent Classification:
HO4L 27726 (2006.01)

(21) International Application Number:
PCT/US2007/071028

(22) International Filing Date: 12 June 2007 (12.06.2007)

(25) Filing Language: English

{26) Publication Language: English

(30) Priority Data:
60/813,483
11/746,111

us
us

13 Junc 2006 (13.06.2006)
9 May 2007 (09.05.2007)

(71) Applicant (for all designated Stutes except US): QUAL-
COMM INCORPORATED [US/US]; Atm: International
Tp Administration, 5775 Morehouse Drive, San Diego, Cal-
ifornia 92121 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only)i WANG, Michael,
Mao [US/US]; 8514 Rumex Lane, San Diego, California
92129 (US).

(74) Agenl: BACHAND, Richard A.; 5775 Morehouse Drive,
San Diego, California 92121 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, €O, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, HL, GB, GD, GE, GH, GM, 1, HN, HR, HU, ID, IL,
IN, IS, I, KL, KG, KM, KN, KP. KR, KZ, LA, LC, LK,
LR, LS, LI, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, IH, PL,
PT. RO, RS, RU, SC. SD. SE. 8G. SK, SL, SM, SV, SY.
1J,'TM, IN, IR, T, 12, UAC UG, US, UZ, VC, VN, ZA,
IM, ZW.
Designated States (unless otherwise indicated, for every
kind of regional profection available): ARTPO (BW, GH,
GM, KL, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Turopean (AT, BE, BG, CH, CY, CZ, DL, DK, LL, BS, T,
TR,GB, GR, HU, I, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, 8L, SK., TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NL., SN, TD, TG).
Declarations under Rule 4.17:
— as to applicant’s entitlemeni lo apply for and be granted o
patent (Rule 4.17(ii))
—  asto the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))
Published:

—  with international search report

(84)

[Continued on next page/

Subcarrier
ol used for
TOM pilot

Stbcamier
used for
TOM pilot

3N,

7/146952 A3 IO X

(54) Title: PREAMBLE STRUCTURE AND ACQUISITION FOR A WIRELESS COMMUNICATION SYSTEM

TOM
ose Pilet 1

Freq

TDM
sre Pilot 2

Freq

TDOM
o0 Pilot 3

y m Freq

Subcarnier Index

(57) Abstract: Techniques for sending sector/system information in TDM pilots using a hicrarchical pilot structure are described.

@ A basc station sends multiple scts of bits for the scctor/system information in multiple TDM pilots. The set of bits sent in a given

& TDM pilot may include bits sent in carlier TDM pilots. In onc design, the basc station generates a first TDM pilot based on a first

1 gorof bits, generates a second TDM pilot based on a second set of bits that includes the first set, gencrates a third TDM pilot based

o on all bits for the information, and sends the TDM pilots. A terminal performs detection to obtain a first detected valuc for the first
‘I'DM pilot, performs detection based on the first detected value to obtain a second detected value for the second TDM pilot, and
performs detection based on the first and sccond detected values to obtain a third detected valne for the third TDM pilor.
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PREAMBLE STRUCTURE AND ACQUISITION FOR A
WIRELESS COMMUNICATION SYSTEM

[0001]  The present application claims priority to provisional U.S. Application Serial
No.  60/813,483, entitled “IIANDOFT  SCLECTION TFOR  WIRELESS
COMMUNICATION SYSTEMS,” filed June 13, 2006, assigned to the assignee hereof

and incorporated herein by reference.

BACKGROUND
L Field

|0002]  The present disclosure relates generally to communication, and more

specifically to acquisition techniques for a wireless communication system.

II.  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 communication
for multiple uscrs by sharing the available system rcsources. Examples of such
multiplc-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 wireless communication system may include many base stations that
support communication for many terminals. A terminal (e.g., a cellular phone) may be
within the coverage of zero, onc, or multiple base stations at any given moment. The
terminal may have just been powered on or may have lost coverage and thus may not
know which basc stations can be received. The terminal may perform acquisition to
detect for basc stations and to acquire timing and other information for the detected base
stations. The terminal may use the acquired information to access the system via a

detected base station.
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Each base station may send transmissions to assist the terminals perform
acquisition. These transmissions represent overhead and should be sent as efficiently as
possible. Furthermore, the transmissions should allow the terminals to perform

acquisition as quickly and robustly as possible.

SUMMARY

According to a first aspect of the present invention, there is provided an apparatus
for transmitting pilots in a wireless communication system including:

at least one processor configured to generate a first pilot based on a first set of
bits of information to send in the pilots, to generate a second pilot based on a second set
of bits of the information, the second set of bits being different from the first set of bits, to
generate a third pilot based on all bits of the information, and to send the first, second,
and third pilots in first, second, and third time intervals, respectively.

According to a second aspect of the present invention, there is provided a method
for transmitting pilots in a wireless communication system including:

generating a first pilot based on a first set of bits of information to send in the
pilots;

generating a second pilot based on a second set of bits of the information, the
second set of bits being different from the first set of bits;

generating a third pilot based on all bits of the information; and

sending the first, second, and third pilots in first, second, and third time intervals,
respectively.

According to a third aspect of the present invention, there is provided an
apparatus for transmitting pilots in a wireless communication system including;

means for generating a first pilot based on a first set of bits of information to send
in the pilots;

means for generating a second pilot based on a second set of bits of the
information, the second set of bits being different from the first set of bits;

means for generating a third pilot based on all bits of the information; and

means for sending the first, second, and third pilots in first, second, and third time

intervals, respectively.
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According to a fourth aspect of the present invention, there is provided a
processor-readable medium including instructions stored thereon, including:

a first set of instructions for generating a first pilot based on a first set of bits of
information to send in pilots;

a second set of instructions for generating a second pilot based on a second set of
bits of the information, the second set of bits being different from the first set of bits;

a third set of instructions for generating a third pilot based on all bits of the
information; and

a fourth set of instructions for sending the first, second, and third pilots in first,
second, and third time intervals, respectively.

According to a fifth aspect of the present invention, there is provided an
apparatus for receiving pilots in a wireless communication system, including:

at least one processor configured to receive first, second, and third pilots in first,
second, and third time intervals, respectively, the first, second, and third pilots carrying
first, second, and third sets of bits, respectively, of information sent in the pilots, each set
including some or all bits of the information, the second set of hits being different from
the first set of bits, and to perform detection for the first, second, and third pilots.

According to a sixth aspect of the present invention, there is provided a method
for receiving pilots in a wireless communication system, including;

receiving first, second, and third pilots in first, second, and third time intervals,
respectively, the first, second, and third pilots carrying first, second, and third sets of bits,
respectively, of information sent in the pilots, each set including some or all bits of the
information, the second set of bits being different from the first set of bits; and

performing detection for the first, second, and third pilots.

According to a seventh aspect of the present invention, there is provided an
apparatus for receiving pilots in a wireless communication system, including:

means for receiving first, second, and third pilots in first, second, and third time
intervals, respectively, the first, second, and third pilots carrying first, second, and third
sets of bits, respectively, of information sent in the pilots, each set including some or all
bits of the information, the second set of bits being different from the first set of bits; and

means for performing detection for the first, second, and third pilots.

According to an eighth aspect of the present invention, there is provided a

processor-readable medium including instructions stored thereon, including:
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a first set of instructions for receiving first, second, and third pilots in first,
second, and third time intervals, respectively, the first, second, and third pilots carrying
first, second, and third sets of bits, respectively, of information sent in pilots, each set
including some or all bits of the information, the second set of bits being different from
the first set of bits; and

a second set of instructions for performing detection for the first, second, and
third pilots.

Techniques for sending sector/system information in time division multiplexed
(TDM) pilots by a base station are described herein. Techniques for acquiring the
sector/system information from the TDM pilots by a terminal are also described. In one
aspect, the sector/system information is sent in the TDM pilots using a hierarchical pilot
structure. For the hierarchical pilot structure, multiple sets of bits for the sector/system
information may be sent in multiple TDM pilots, and the set of bits sent in a given TDM
pilot may include bits sent in one or more earlier TDM pilots. The hierarchical pilot
structure may reduce acquisition complexity and improve detection performance for the
terminals while allowing a relatively large number of bits to be sent for the sector/system
information.

In one design of a 3-level hierarchical pilot structure, a base station may generate
a first TDM pilot based on a first set of bits for the sector/system information. The base
station may generate a second TDM pilot based on a second set of bits for the
sector/system information, with the second set comprising the first set. The base station
may generate a third TDM pilot based on all bits of the sector/system information. The
base station may send the first, second, and third TDM pilots in first, second, and third
time intervals, respectively, in a preamble that is transmitted periodically.

A terminal may perform detection for the first TDM pilot to obtain a first
detected value for the first set of bits sent in the first TDM pilot. The terminal may
perform detection for the second TDM pilot based on the first detected value to obtain a
second detected value for the second set of bits sent in the second TDM pilot. The
terminal may perform detection for the third TDM pilot based on the first and second
detected values to obtain a third detected value for all bits of the sector/system

information sent in the third TDM pilot.
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(73]

[0009] A 2-lovel hicrarchical pilot structure and a non-hicrarchical pilot structure
are described below. Various aspects and features of the disclosure are also described in

further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. | shows a wircless communication system.
[0011]  FIG. 2 shows a design of a superframe structure and a preamble structure.
[0012]  FIG. 3 shows a design of TDM pilots 1, 2 and 3 in the frequency domain.
10013]  FIG. 4A shows a design of a 3-lcvel hicrarchical pilot structurc.
[0014]  FIG. 4B shows a design of a 2-level hierarchical pilot structure.
[0015]  FIG. 4C shows a design of a 3-level non-hierarchical pilot structure.
10016] FIG. 5 shows a block diagram of a base station and a terminal.
[0017]  FIG. 6 shows a block diagram of a transmit (TX) pilot processor and a
madulator at the base station.
[0018]  FIG. 7 shows a block diagram of an acquisition processor at the terminal.
[0019]  FIG. 8 shows a process performed by the base station to send TDM pilots.
[0020]  FIG. 9 shows an apparatus for scnding TDM pilots.
[0021]  FIG. 10 shows a proccss performed by the terminal to receive TDM pilots.
[0022]  FIG. 11 shows an apparatus for receiving TDM pilots.

DETAILED DESCRIPTION
[0023]  FIG. 1 shows a wircless communication system 100 with multiple basce
stations 110 and multiple terminals 120. A basc station is a station that communicates
with the terminals. A basc station may also be called, and may contain some or all of
the functionality of, an access point, a Node B, an evolved Node B, etc. Each base
station 110 provides communication coverage for a particular geographic area 102. The
term “cell” can refer to a base station and/or its coverage area depending on the context
in which the term is used. To improve system capacity, a base station coverage area
may be partitioned into multiple smaller areas, e.g., three smaller areas 104a, 104b, and
104¢. Each smaller area may be served by a respective base transceiver station (BTS).

The term “scctor” can refer to a BTS and/or its coverage arca depending on the context
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in which the term is used. For a scetorized cell, the BTSs for all scctors of that cell arc
typically co-located within the base station for the cell. The techniques described herein
may bc uscd for systems with scctorized cclls as well as systems with unscctorized
cells. For clarity, the techniques are described below for a system with scctorized cells.
10024] Terminals 120 arc typically dispersed throughout the system, and cach
terminal may be stationary or mobile. A terminal may also be called, and may contain
some or all of the functionality of, an access terminal, a mobile station, a user
equipment, a subscriber unit, a station, etc. A terminal may be a cellular phone, a
personal digital assistant (PDA), a wireless device, a wireless modem, a handheld
device, a laptop computer, etc. A terminal may communicate with zero, one, or
multiple base stations on the forward and/or reverse link at any given moment. The
forward link (or downlink) refers to the communication link from the basc stations to
the terminals, and the reverse link (or uplink) refers to the communication link from the
terminals to the base stations.

[0025]  For a centralized architecture, a system controller 130 couples to base
stations 110 and provides coordination and control for these base stations. System
controller 130 may be a single network entity or a collection of network entities. For a
distributed architecture, base stations 110 may communicate with one another as needed.
[0026] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA and SC-FDMA
systems. A CDMA system utilizes code division multiplexing (CDM) and sends
transmissions with different orthogonal codes. A TDMA system utilizes time division
multiplexing (TDM) and sends transmissions in different time slots. An FDMA system
utilizes frequency division multiplexing (FDM) and sends transmissions on different
subcarriers. An OFDMA utilizes orthogonal frequency division multiplexing (OFDM),
and an SC-FDMA system utilizes single-carrier frequency division multiplexing (SC-
FDM). OFDM and SC-FDM partition the system bandwidth into multiple orthogonal
subcarricrs, which arc also rcferred to as tones, bins, cte. Each subcarricr may be
modulated with data. In general, modulation symbols are sent in the frequency domain
with OFDM and in the time domain with SC-TDM. The techniques may also be used

for wireless communication systems that utilize a combination of multiplexing schemes,
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c.g., CDMA and OFDM, or OFDM and SC-FDM, ctc. For clarity, certain aspects of the
techniques are described below for a system that utilizes OFDM on the forward link.
[0027] System 100 may utilize a supcrframe structurc for transmissions scnt on the
forward link from the basc stations to the terminals. ‘The superframe structure may be
defined in various manncrs and may include various ficlds.

10028] F1G. 2 shows a design of a superframe structure 200 that may be used for
the forward link. In this design, the transmission timeline is partitioned into units of
superframes. Tach superframe spans a particular time duration, which may be fixed or
configurable. Each superframe includes a preamble followed by Q frames, where in
general Q=1 and in onc design Q=24. The preamble carrics pilots and overhcad
information that enable the terminals to acquire the transmitting base station, receive
forward link control channels, and subsequently access the system. Each frame may
carry traffic data and/or signaling and may span a predetermined time duration.

[0029]  FIG. 2 also shows a design of the preamble. In this design, the precamble
spans eight OFDM symbols that are assigned indices of 1 through 8. The first five
OFDM symbols with indices of 1 through 5 are used for one or more primary Broadcast
Channcls (pBCHs). The pBCHs may carry (i) information for deployment-specific
paramcters such as total number of subcarricrs, number of guard subcarricrs, system
time, ctc., and (ii) scctor-specific paramcters such as frequency hopping structure, pilot
structurc, control channcl structure, number of transmit antcnnas, cte. The last three
OFDM symbols with indices of 6, 7 and 8 are used for TDM pilots 1, 2 and 3,
respectively. The TDM pilots may carry sector/system information and may be used for
acquisition by terminals atlempting to access the system. In the design shown in FIG. 2,
the TDM pilots are sent periodically in the preamble of each superframe, and each TDM
pilot is sent in one OFDM symbol period.

[0030]  FIG. 2 shows a specific superframe structure and a specific preamble
structure for the forward link. In general, a superframe may span any time duration and
may include any number of frames and other fields. A preamble may also span any
time duration and include any number of ficlds. A preamble may include any number
of TDM pilots, e.g., two, three, four, or some other number of TDM pilots. Each TDM
pilot may span any number of OFDM symbol periods. For clarity, the following

description assumes that three TDM pilots are sent in the preamble.

-10-
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[0031] TDM pilots 1, 2 and 3 may be designed to facilitate acquisition by the
terminals, A terminal may use TDM pilot | to detect for the presence of a preamble and
to acquire coarse timing and frequency. The terminal may use TDM pilots 1, 2 and/or 3
to obtain scctor/system information.

10032] FIG. 3 shows a design of TDM pilots 1, 2 and 3 in the frequency domain. In
this design, TDM pilot 1 is sent on every N subcarriers, TDM pilot 2 is sent on every
Ny subcarriers, and TDM pilot 3 is sent on every Nz subcarriers, where Ny, N2 and Nz
may each be any integer one or greater. As an example, N, may be equal to two for
TDM pilot p, where pe{l, 2, 3}, and TDM pilot p may be sent on K/2 subcarriers
with either even or odd indices. Zero symbols with signal values of zero may be sent on
subcarriers not used for the TDM pilot. For a given TDM pilot, sending pilot symbols
on every N,, subcarriers in the frequency domain results in N,, copies of the same TDM

pilot waveform in the time domain. This waveform contains L,= K/Np samples and

may be obtained by performing an T,,-point fast Fourier transform (FFT) on 1., pilot
symbols sent on L, subcarriers used for the TDM pilot.

[0033] In general, each TDM pilot may be sent on all K subcarriers with N,=1or
on a subset of the K subcarriers with N, >1. The TDM pilots may be sent with the

same number of subcarriers or with different numbers of subcarriers. The TDM pilots
may also be sent on the same subcarriers or on different subcarriers.

10034]  Sector/system information may be sent in the TDM pilots. In general, the
sector/system information may comprise any type of information such as sector-specific
information, system information, etc. The sector-specific information may include a
sector identifier (ID) identifying the sector sending the TDM pilots, a preferred carrier
index indicating a carrier preferred by the sector and used to assist handoff for
terminals, etc. The system information may include a4 mode flag that indicates whether
the system is operating in a synchronous mode or an asynchronous mode, the cyclic
prefix length, system time, cte.  The scctor/system information may be uscd to reccive
forward link transmissions sent by the sector and for communication with the sector.
The sector/system information may include M bits, where in general M may be any

integer value and in one design M =12

-11-
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[0035]  In an aspect, the scctor/system information is sent in the TDM pilots using a
hierarchical pilot structure. For the hierarchical pilot structure, multiple sets of bits for
the scetor/system information may be sent in multiple TDM pilots, and the sct of bits
sent in a given 'ITDM pilot may include bits sent in onc or more catlicr I'DM pilots. 'The
hicrarchical pilot structurc may reduce acquisition complexity and improve detection
performance for the terminals while allowing a relatively large number of bits to be sent
for the sector/system information. Several hierarchical pilot designs are described
below.

[0036] FIG. 4A shows a design of a 3-level hierarchical pilot structure 400. Tn this
design, the M bits of the sector/system information are partitioned inte M; least
significant bits (LSBs), M, more significant bits, and M; most significant bits (MSBs),
where M =M, +M, +M,. In general, M, M;, M, and M; may each be any integer
value. In one design, M =12, M, =2, M, =6, and M, =4. Other values may also
be used for M, M, M; and M.

[0037] The M, LSBs of the scetor/system information may be sent in TDM pilot 1.
For cxample, the M; LSBs may be used as a seed value for a pscudo-random number
(PN) generator, and a PN sequence from the PN generator may be used to generate pilot
symbols for TDM pilot 1. The M, + M, LSBs of the sector/system information may be
sent in TDM pilot 2, e.g., by seeding the PN generator with the M, + M, LSBs and
using the resultant PN sequence to generate pilot symbols for TDM pilot 2. All M bits
of the sector/system information may be sent in TDM pilot 3, e.g., by seeding the PN
generator with all M bits and using the resultant PN sequence to generate pilot symbols
for TDM pilot 3. TDM pilots 1, 2 and 3 may thus be “scrambled” by different PN
sequences generated with different portions of the sector/system information, where
each portion may include some or all of the sector/system information.

[0038] TDM pilot 1 may be sent on every N, subcarriers, as shown in FIG. 3. In
this case, N copies of the same waveform may be sent for TDM pilot 1. A cyclic prefix
(CP) may be appended prior to the first waveform copy. TDM pilot 2 may be sent on
every N, subcarriers. In this case, N, copies of the same waveform may be sent for

TDM pilot 2. TDM pilot 3 may be sent on every Nz subcarriers. In this case, Nz copies

-12-
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of the samc waveform may be sent for TDM pilot 3. Each wavcform may be a specific
sequence of complex-valued samples.

[0039]  In one design with M =12, TDM pilot 1 may be scrambled with M, =2
bits of information and may takc on four possiblc valucs, TDM pilot 2 may be
scrambled with M, +M, =8 bits of information and may take on 256 possible valucs,
and TDM pilot 3 may be scrambled with M =12 bits of information and may take on
4096 possible values. A terminal may process TDM pilot 1 and detect for one of four
possible values for TDM pilot 1. The terminal may then process TDM pilot 2 and
detect for onc of 64 possible valucs associated with the detected value ¥ for TDM pilot
1. The terminal may then process TDM pilot 3 and detect for onc of 16 possible valucs
associated with the detected values ¥y and ¥, for TDM pilots 1 and 2, respectively. By
performing acquisition in three stages, the terminal can detect for onc of 4096 possible
valucs for the 12-bit scctor/system information by checking only 84 hypothescs, which
include 4 hypotheses for TDM pilot 1, 64 hypotheses for TDM pilot 2, and 16
hypotheses for TDM pilot 3. Acquisition complexity may be greatly reduced with the
hierarchical pilot structure.

10040]  FIG. 4B shows a design of a 2-level hierarchical pilot structure 410. In this
design, the M bits of the sector/system information are partitioned into My MSBs and
M, LSBs, where M =M, + M, . In general, M, M, and M,, may each be any integer
value. TDM pilot 1 may be sent without any scctor/system information and may be
common for all sectors in the system. The M, MSBs of the sector/system information
may be sent in TDM pilot 2, e.g., by seeding the PN generator with the M, MSBs and
using the resultant PN sequence to generate pilot symbols for TDM pilot 2. All M bits
of the sector/system information may be sent in TDM pilot 3, e.g., by seeding the PN
generator with all M bits and using the resultant PN sequence to generate pilot symbols
for TDM pilot 3.

[0041] A tcrminal may proccss TDM pilot 1 for preamble detection and coarse
timing and frequency acquisition. The terminal may then process TDM pilot 2 and
detect for one of 2™ possible values for TDM pilot 2. The terminal may then process
TDM pilot 3 and detect for one of 2™ possible values associated with the detected

value V;, for TDM pilot 2. By performing acquisition in two stages, the terminal can
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delect for one of 2™

possible values for the seclor/system information by checking
only 2™ + 2" hypotheses.

[0042] In the hicrarchical pilot designs shown in FIGS. 4A and 4B, cach TDM pilot
that is cmbedded with scctor/system information carrics (i) all information bits sent in
prior TDM pilots, if any, and (i) additional information bits not sent in prior TDM
pilots. In another design, M, bits arc sent in 'I'DM pilot 1, M; bits arc sent in DM pilot
2, and all M bits arc sent in TDM pilot 3. In yet another design, M, bits arc scnt in
TDM pilot 1, M; and M, bits are sent in TDM pilot 2, and M3 and Ms bits are sent in
TDM pilot 3. Various other hierarchical pilot designs are also possible. Tn general, for
a hierarchical pilot, at least one bit of the sector/system information is sent in multiple
TDM pilots, and at least one TDM pilot carries at least one bit sent in a prior TDM
pilot.

[0043] A hierarchical pilot may improve detection performance by reducing the
likelihood of false alarm. For example, in the design shown in FIG. 4A, an interfering
sector may have the same M; bits as a desired sector, but may have different M; bits. In
this casc, the interfering scetor may be climinated because the My and M, bits arc sent
in TDM pilot 2, and only the desired sector matches both M; and M, bits whereas the
interfering sector matches the M, bits but does not match the M, bits.

10044] The sector/system information may also be sent in a non-hierarchical pilot
structure. For a non-hierarchical pilot structure, each bit of the sector/system
information is sent in only one TDM pilot. The TDM pilots thus carry non-overlapping
sets of bits for the sector/system information.

[0045] FIG. 4C shows a design of a 3-level non-hierarchical pilot structure 420. In
this design, the My LSBs of the scetor/systern information may be sent in TDM pilot 1.
The M, more significant bity of the scetor/system information may be sent in TDM pilot
2. The M3 MSBs of the sector/system information may be sent in TDM pilot 3.

[0046]  FIGS. 4A, 4B and 4C show some cxample designs of hicrarchical and non-
hierarchical pilot structures. Various other pilot structures may also be defined. In
general, a pilot structure may include any number of levels, and any set of bits for the
scetor/system information may be sent in cach TDM pilot.

[0047] In the designs described above, some or all of the bits of the scctor/system

information may be used to generate a PN sequence, which may then be used to
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generate pilot symbols for a TDM pilot. The scctor/system information may also be
sent in the TDM pilots in other manners. In general, it may be desirable to send the
scetor/system information in a manncr such that the TDM pilots for cach scctor appear
random to other scctors. 'This may randomize inter-scetor interference, which may
improve detection performance.

10048] F1G. 5 shows a block diagram of a design of a base station 110 and a
terminal 120, which may be one of the base stations and terminals in FIG. 1. [For
simplicity, only processing units for transmissions an the forward link are shown in
FIG. 5. Also for simplicity, base station 110 and terminal 120 are each equipped with a
single antenna.

[0049] At base station 110, a TX pilot processor 510 generates pilot symbols for
TDM pilots bascd on the scctor/system information. As used herein, a pilot symbol is a
symbol for pilot, a data symbol is a symbol for data, a zcro symbol is a symbol with a
signal value of zero, and a symbol is typically a complex value. The data and pilot
symbols may be modulation symbols from modulation schemes such as PSK, QAM,
etc. Pilot is typically data that is known a priori by both a transmitter and a receiver.
However, the pilot symbols may be embedded with sector/system information that is
not known & priori by a receiver. A TX data processor 520 receives traffic data and
signaling data, processes the received data, and provides data symbols. A modulator
(MOD) 522 performs modulation on the data and pilot symbols (e.g., for OFDM) and
provides output samples. A transmitter (TMTR) 524 processes (e.g., converts to analog,
amplifics, filters, and upconverts) the output samples and gencrates a forward link
signal, which is transmitted via an antenna 526,

[0050] At terminal 120, an antenna 552 receives the forward link signal from base
station 110 and provides a received signal to a receiver (RCVR) 554. Receiver 554
processes {(e.g., filters, amplifies, downconverts, and digitizes) the received signal and
provides received samples. An acquisition processor 560 performs acquisition based on
the TDM pilots and provides timing, frequency, and scctor/system information. A
demodulator (DEMOD) 570 performs demodulation on the received samples (e.g., for
OIDM) to obtain data symbol estimates. A receive (RX) data processor 572 processes
the data symbol estimates in a manner complementary to the processing by TX data

processor 520 and provides decoded data.
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[0051] Controllers 530 and 580 dircct the opcration at base station 110 and tcrminal
120, respectively. Memories 532 and 582 store program codes and data for base station
110 and terminal 120, respectively.

10052] FIG. 6 shows a block diagram of a design of 'I'X pilot processor 510 and
modulator 522 at basc station 110 in FIG. 5. Within processor 510, a unit 612 receives
the sector/system information for a sector and a TDM pilot index that indicates whether
TDM pilot 1, 2 or 3 is being sent. In one design, unit 612 provides the sector/system
information directly. In this design, the TDM pilots are static and do not change from
superframe to superframe. Tn another design, unit 612 varies the sector/system
information based on system time, e.g., a superframe index. Tn this design, the TDM
pilots change from superframe to superframe, which may randomize the interference
duc to the TDM pilots. For this design, a terminal in a given scctor y may obscrve
randomized interferenee due to the TDM pilots from other scetors. This may allow the
terminal to perform correlation for the TDM pilots from sector y across more than one
superframe in order to detect for a weak preamble from sector y.

[0053]  In any case, unit 612 provides M, bits of the sector/system information for
TDM pilot p, where pe{l, 2, 3} and 0<M, <M. In the design shown in FIG. 4A,
unit 612 provides M; LSBs of the sector/system information for TDM pilot 1, M, + M,
LSBs of the sector/system information for TDM pilot 2, and all M bits of the
sector/system information for TDM pilot 3. For the design shown in FIG. 4B, unit 612
provides zero bits for TDM pilot 1, M, MSBs of the sector/system information for TDM
pilot 2, and all M bits of the sector/system information for TDM pilot 3. Unit 612 may
provide other sets of information bits for the TDM pilots in other designs.

[0054] A PN generator 614 generates a PN sequence for TDM pilot p based on the
M, information bits rcccived from unit 612. A scrambler 616 gencrates pilot symbols
for TDM pilot p bascd on the PN scquence received from PN gencrator 614, Scrambler
616 may form groups of B bits bascd on the bits in the PN scquence, map cach group of
B bits to a modulation symbol in a modulation scheme, and provide the modulation
symbols for the groups of B bits as the pilot symbols for TDM pilot p. B may be equal
to 1 for BPSK, 2 for QPSK, etc. Scrambler 616 may also scramble known modulation

symbols with the PN sequence to generate the pilot symbols. A symbol-to-subcarrier
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mapper 618 maps the pilot symbols for TDM pilot p to the subcarriers used for TDM
pilot p, maps zero symbols to the remaining subcarriers, and provides K output symbols

for the K total subcarriers to modulator 522.

Within modulator 522, a multiplexer (Mux) 622 receives the output symbols
from TX pilot processor 510 and TX data processor 520, provides the output symbols
from processor 510 during TDM pilot intervals, and provides the output symbols from
processor 520 during other intervals. In each OFDM symbol period, an IFFT unit 624
performs a K-point IFFT on K output symbols for the K total subcarriers to obtain K
time-domain samples. The K samples may include multiple copies of a waveform if the
pilot symbols are mapped to uniformly spaced subcarriers, e.g., as shown in FIGS. 3, 4A,
4B and 4C. A unit 626 appends a cyclic prefix to the K samples by copying the last C
samples and appending these C copied samples to the front of the K samples, where C is

the cyclic prefix length,

Terminal 120 may perform acquisition based on the TDM pilots in various

manners. The received samples from receiver 554 may be expressed as:
=X tn ) Eq (1)

where x; is a sample sent by base station 110 in sample period i,
riis a sample received by terminal 120 in sample period 7, and

n; is the noise in sample period i.

Multiple copies of the same waveform may be sent for TDM pilot 1, e.g., as
shown in FIGS. 4A and 4B. In this case, terminal |10 may perform delayed correlation
to detect for TDM pilot 1, as follows:

, ‘ Eq(2)

where C; is a delayed correlation result for sample period ,
Ly is the length of the waveform for TDM pilot 1, and

*** " denotes a complex conjugate.
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[0058] The delayed correlation in cquation (2) removes the cffect of the wircless
channel without requiring a channel estimate and further coherently combines the
reccived cnergy across the length of the waveform for TDM pilot 1. A sliding delayed
corrclation may be performed to obtain a delayed correlation result C; for cach sample
period i. C; may be comparced against a threshold Cy, to deteet for DM pilot 1. For
example, TDM pilot 1 may be declared if C; exceeds Cy, and remains above Cy, for a
predetermined percentage of Li. The sample period that results in the largest value of C;
may be provided as the coarse timing, which is an indication of TDM pilot 1 position.

[0059] A coarse frequency error estimate Af'may be derived as follows:

. 1 1,1 .
A =———arctan Ty T | Eq (3
V= r LT {Z } 10)

: sample

where Tample 1 onc sample period. The quantity 7, -r:j. gives the phase shift from

sample to samplc s ,, which is L, samplc periods later. The summation in

iL j?
equation (3) gives the average phase shill across L sample periods. The division by
27 L1 Tsampie provides a per-sample frequency error estimate, in units of radians.

[0060]  The frequency crror cstimatc Af may be used to adjust the frequency of a
lacal oscillator (LO) signal used for frequency downconversion by receiver 554. The
received samples from receiver 554 may also be rotated by Af'to remove the [requency
error. The frequency error may also be removed in other manners.

[0061]  After acquiring coarse timing, the first TDM pilot carrying sector/system
information may be captured to obtain at least one copy of the waveform for that TDM
pilot. This first TDM pilot is TDM pilot 1 for the design shown in FIG. 4A and is TDM
pilot 2 for the design shown in FIG. 4B. The TDM pilot being detected is referred to as
TDM pilot p in the description below, where p {1, 2, 3}. TDM pilot p contains N,
copies of the same waveform, and the waveform contains L, samples. Up to N, copies
of the waveform may be captured and processed to detect for the information bits sent
in TDM pilot p. For example, if TDM pilot p contains two copies of the waveform,
then TDM pilot p may be sampled approximately 1/4 OFDM symbol period from the
detected OFDM symbol boundary and for 1/2 OFDM symbol period to obtain K/2
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capturcd samples for onc complete copy of the waveform. For simplicity, the following
description assumes that one copy of the waveform for TDM pilot p is captured and
processed.

[0062] A noise estimate ¢’ may be derived based on the L, captured samples for

TDM pilot p, as follows:

L
o= Xl Fa @)
wherc #; 1s the j-th capturcd samplc for TDM pilot p.
[0063] M, bits of scctor/system information may be sent in TDM pilot p.  To
determine the value of the M, bits sent in TDM pilot p, a decision metric may be
computed for each of the possible values that might have been sent in TDM pilot p. The
value with the best decision metric may be declared as the value sent in TDM pilot p.
The detection of the transmitted value may be performed in various manners.
[0064]  Tn one design, the L, captured samples may be transformed to the frequency
domain with an FFT to obtain L, received symbols. For each hypothesis corresponding
to a different value m hypothesized to have been sent in TDM pilot p, where
0<m<2" for the first TDM pilot being detected, a PN sequence may be generated
for hypothesized value m. The L, received symbols may be descrambled with the PN
sequence, and the L, descrambled symbols may be transformed back to the time domain
with an TFFT to obtain L, descrambled samples. A detection metric £, may be

computced for hypothesized valuc m, as follows:

Lt"
E, =Y [leul’ -0, or Eq (5)

I'l-
2
E, = z le,, s

th e omatt

where ¢, 18 the j-th descrambled sample for hypothesized value m, and

7718 a predetermined factor.
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[0065] A detection metric may be computed for each of the 2™ possible values that
might have been sent in TDM pilot p. The 2™ detection metrics may be denoted as

E,, for m=0, 1, ..., 2™ 1. The hypothesized value with the largest detection metric
may be declared as a detected value ¥, which is the value deemed to have been sent for
the M,, bits carried in TDM pilot p.

[0066]  The detection described above may be repeated for each subsequent TDM
pilot carrying some or all of the scctor/system information. For cach TDM pilot, the
detected values from all previously detected TDM pilots may be used to form all
possible values for the bits sent in that TDM pilot.

[0067] For the design shown in FIG. 4A, the detected value ¥, for the M,
information bits sent in 'I'DM pilot 1 may be used to form 2 possible (M+M,)-bit
values that might have been sent in 'I'DM pilot 2. Each possible value for TDM pilot 2
is composed of the detected value 77 for TDM pilot 1 and a hypothesized value m for
the M, new bits sent in TDM pilot 2, where 0 <m < 2", Similarly, the detected value
¥y for the My information bits sent in TDM pilot | and the detected value ¥ for the M,
information bits sent in TDM pilot 2 may be used to form 2™ possible M-bit values
that might have been sent in TDM pilot 3. [Cach passible value for TDM pilot 3 is
composed of the detected value V) for TDM pilot 1, the detected value ¥ for TDM pilot
2, and a hypothesized value m for the Mi new bits sent in TDM pilot 3, where
0<m<2",

[0068] For the design shown in FIG. 4B, thc detected value ¥, for the M,
information bits sent in TDM pilot 2 may be used to form 2™ possible M-bit valucs
that might have been sent in TDM pilot 3. Each possible valuc for TDM pilot 3 is
composcd of the detected value ¥, for TDM pilot 2 and a hypothesized value m for the
M,, new bits sent in TDM pilot 3, where 0 <m < oM

10069] For each TDM pilot p, detection metrics may be computed for all possible
valucs for TDM pilot p, ¢.g., as shown in cquations (4) and (5). The hypothesized value
with the largest detection metric may be declared as the detected value for TDM pilot p.
[0070]  F1G. 7 shows a block diagram of a design of acquisition processor 560 at
terminal 120 in FIG. 5. Within processor 560, a delayed correlator 712 obtains the

received samples from receiver 554 and performs sliding delayed correlation, e.g., as
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shown in equation (2). A TDM pilot detector 714 receives the correlation results C;
from delayed correlator 712 and detects for TDM pilot 1. After detecting TDM pilot 1,
detector 714 determines coarse timing and frequency error estimate Af based on the
received samples that result in the detection of TDM pilot 1.

A rotator 722 rotates the received samples based on the frequency error
estimate Af and provides rotated samples having the frequency error removed. For each
TDM pilot carrying sector/system information, a unit 724 may capture samples for one
or more copies of the waveform for that TDM pilot, based on the coarse timing from
detector 714. A unit 726 derives a noise estimate for the captured samples. e.g., as
shown in equation (4). An FFT unit 728 performs an FFT on the captured samples and
provides received symbols. A PN generator 730 generates a PN scquence for each
possible value that might have been sent in the TDM pilot being detected. The PN
sequences for the TDM pilot currently being detected may be dependent on the detected
values for previously detected TDM pilots, if any. For each hypothesized value m, a
descrambler 732 descrambles the received symbols with the corresponding PN sequence
and provides descrambled symbols. Descrambler 732 essentially removes the
modulation on the received symbols with the PN sequence. The descrambled symbols
contain mostly noise if the locally generated PN sequence is not the PN sequence sent in
the TDM pilot being detected. An IFFT unit 734 performs an IFFT on the descrambled
symbols and provides descrambled samples ¢ .

A unit 736 computes the detection metric £,, for each hypothesized value m
based on the descrambled samples and the noise estimate, e.g., as shown in equation (5).
A detector 738 receives the detection metrics £, for all possible values that might have
been sent in the TDM pilot being detected. Detector 738 identifies the hypothesized
value with the largest detection metric and provides this value as the detected value Y,
for the TDM pilot being detected. PN generator 730 may receive the detected value Vs
from detector 738 and use this value to generate PN sequences for the next TDM pilot
to be detected. After all TDM pilots are detected, detector 738 provides the final
detected value as the recovered sector/system information.

FIG. 7 shows one design for performing detection for the TDM pilots. In
another design, the captured samples for a given TDM pilot are correlated with each

possible waveform that might have been sent for that TDM pilot. Different possible
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wavcforms may be gencrated bascd on different hypothesized valucs for the TDM pilot.
The hypothesized value with the largest correlation result may be provided as the
detected value for the TDM pilot.  The detection for the TDM pilots may also be
performed in other manncrs.

10074]  After detecting all 'TDM pilots, onc or morc 1'DM pilots may be used to
derive fine timing and/or a fine frequency error estimate. OFDM symbols may be
received and processed based on the fine timing and/or fine frequency error estimate.
[0075]  FIG. 8 shows a design of a process 800 performed by a base station to send
TDM pilots. A plurality of pilots may be generated based on different sets of bits for
information being sent in the plurality of pilots, with each set including some or all bits
of the information being sent (block 812). The information being sent may comprise
scctor-specific information, system information, ctc. The plurality of pilots may be sent
in scquential order in a plurality of time intervals (block 814).

[0076]  For a hierarchical pilot structure, the plurality of pilots may carry
overlapping sets of bits, e.g., as shown in FIGS. 4A and 4B. The set of bits sent in each
pilot may comprise bits sent in pilots transmitted earlier, if any, and additional bits not
yet sent. For a 2-level hierarchical pilot structure, a first pilot may be generated based
on some of the bits for the information, and a second pilot may be generated based on
all of the bits for the information. For a 3-level hierarchical pilot structure, a first pilot
may be generated based on a first set of bits, a second pilot may be generated based on a
second set of bits, which may comprise the first set, and a third pilot may be generated
bascd on all of the bits for the information. For a non-hicrarchical pilot structure, the
plurality of pilots may carry non-overlapping sets of bits for the information, e.g., as
shown in FIG. 4C.

10077] For each pilot, a PN sequence may be generated based on the set of bits
being sent in the pilot. Pilot symbols may be generated based on the PN sequence and
mapped to subcarriers used for the pilot. The mapped pilot symbols may be
transformed to obtain a scquence of samples for the pilot. A given pilot may comprisc
one or multiple copies of a waveform.

[0078]  TIG. 9 shows a design of an apparatus 900 for sending TDM pilots.
Apparatus 900 includes means for generating a plurality of pilots based on different sets

of bits for information being sent in the plurality of pilots, with each set including some
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or all bits of the information being sent (module 212), and mcans for sending the
plurality of pilots in sequential order in a plurality of time intervals (module 914).

[0079] FIG. 10 shows a dcsign of a proccss 1000 performed by a tcrminal to
receive DM pilots. A plurality of pilots may be reccived in a plurality of time
intervals (block 1012). 'The plurality of pilots may carry different scts of bits for
information sent in the pilots, with each set including some or all bits of the
information. Detection may be performed to recover a set of bits sent in each of the
plurality of pilots (block 1014).

[0080]  For a hierarchical pilot structure, detection for each pilot may be performed
based on detected values for pilots previously detected, if any, to obtain a detected value
for the set of bits sent in the pilot being detected. For a 2-level hierarchical pilot
structure, detection for a first pilot may be performed to obtain a first detected valuce for
a first sct of bits sent in the first pilot. Detection for a sccond pilot may be performed
based on the first detected value to obtain a second detected value for all bits of the
information. For a 3-level hierarchical pilot structure, detection for a first pilot may be
performed to obtain a first detected value for a first set of bits sent in the first pilot.
Detection for a second pilot may be performed based on the first detected value to
obtain a second detected value for a second set of bits sent in the second pilot, where the
second set may comprise the first set. Detection for a third pilot may be performed
based on the first and second detected values to obtain a third detected value for all bits
of information. For a non-hierarchical pilot structure, detection may be performed
independently for cach pilot to obtain a detected value for the sct of bits sent in that
pilot.

[0081] For each pilot, a detection metric may be determined for each of a plurality
of hypothesized values for that pilot. The hypothesized value associated with a largest
detection metric may be provided as a detected value for the set of bits sent in the pilot.
Each hypothesized value for the pilot being detected may comprise (i) a first part for the
deteeted valucs for pilots previously deteeted, if any, and (ii) a sccond part for an
unknown value for additional bits sent in the pilot being detected.

[0082]  In one design, a noise estimate may be derived based on captured samples
for the pilot being detected. A plurality of PN sequences may be generated for a

plurality of hypothesized values for the pilot. The captured samples may be
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descrambled based on the plurality of PN scquences (c.g., in the time domain or the
frequency domain) to obtain a plurality of sequences of descrambled samples. For
frequency-domain descrambling, the capturcd samples may be transformed to the
frequency domain to obtain received symbols. Modulation in the received symbols may
be removed bascd on the PN scquence for cach hypothesized valuc to obtain
descrambled symbols for that hypothesized value. The descrambled symbols for each
hypothesized value may be transformed back to the time domain to obtain a sequence of
descrambled samples for that hypothesized value. A plurality of detection metrics may
be derived for the plurality of hypothesized values based on the plurality of sequences
of descrambled samples and the noise estimate. For example, the energy of each
descrambled sample may be computed. The detection metric for each hypothesized
valuc may then be computed based on the cnergics for the sequence of descrambled
samples and the noisc cstimate, ¢.g., as shown in cquation (5).

[0083]  FIG. 11 shows a design of an apparatus 1100 for receiving TDM pilots.
Apparatus 1100 includes means for receiving a plurality of pilots in a plurality of time
intervals, with the plurality of pilots carrying different sets of bits for information sent
in the pilots, and with each set including some or all bits of the information (module
1112), and means for performing detection to recover a set of bits sent in each of the
plurality of pilots (module 1114).

[0084] Modules 912 and 914 in FIG. 9 and modules 1112 and 1114 in FIG. 11 may
comprise processors, electronics devices, hardware devices, electronics components,
logical circuits, memorics, ctc., or any combination thercof.

[0085] The techniques described herein may be implemented by various means. For
example, the techniques may be implemented in hardware, firmware, software, or a
combination thereof. For a hardware implementation, the processing units at a given
entity (e.g., a base station or a terminal) a may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing deviees (DSPDs), programmable logic devices (PLDs), ficld
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units designed to perform the

functions described herein, a computer, or a combination thereof.
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For a firmware and/or software implementation, the techniques may be
implemented with modules (e.g., procedures, functions, etc.) that perform the functions
described herein. The firmware and/or software instructions may be stored in a memory
(e.g., memory 532 or 582 in FIG. 5) and executed by a processor (e.g., processor 530 or
580). The memory may be implemented within the processor or external to the processor.
The firmware and/or software instructions may also be stored in other processor-readable
medium such as random access memory (RAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), programmable read-only memory (PROM),
electrically erasable PROM (EEPROM), FLASH memory, compact disc (CD), magnetic
or optical data storage device, etc.

The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure, Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of the
disclosure. Thus, the disclosure is not intended to be limited to the examples and designs
described herein but is to be accorded the widest scope consistent with the principles and
novel features disclosed herein.

Throughout this specification and the claims that follow unless the context
requires otherwise, the words "comprise’ and 'include’ and variations such as ‘comprising’
and 'including’ will be understood to imply the inclusion of a stated integer or group of
integers but not the exclusion of any other integer or group of integers.

The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgment or any form of suggestion that such prior art forms part of the

common general knowledge of the technical field.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An apparatus for transmitting pilots in a wireless communication system including:

at least one processor configured to generate a first pilot based on a first set of bits of
information to send in the pilots, to generate a second pilot based on a second set of bits of the
information, the second set of bits being different from the first set of bits, to generate a third
pilot based on all bits of the information, and to send the first, second, and third pilots in first,

second, and third time intervals, respectively.

2. The apparatus of claim 1, wherein the first and second pilots carry overlapping sets of

bits of the information.

3. The apparatus of claim | or 2, wherein the first and second pilots carry non-overlapping

sets of bits of the information.

4. The apparatus according to any one of claims 1 to 3, wherein the first set includes M1
bits of the information, and wherein the second set includes the M1 bits in the first set and M2

additional bits of the information, where M1 and M2 are integer values.

S. The apparatus according to any one of claims 1 to 4, wherein the second set includes all

bits of the information.

6. The apparatus according to any one of claims 1 to 5, wherein the first set of bits and the

second set of bits include a sector identifier (ID).

7. The apparatus according to any one of claims 1 to 6, wherein the at least one processor
is configured to generate a pseudo-random number (PN) sequence for each pilot based on the

set of bits to send in the pilot, and to generate each pilot based on the PN sequence for the pilot.

8. The apparatus according to any one of claims | to 7, wherein for each pilot, the at least
one processor is configured to generate a pseudo-random number (PN) sequence based on the
set of bits to send in the pilot, to generate pilot symbols based on the PN sequence, to map the
pilot symbols to subcarriers used for the pilot, and to transform the mapped pilot symbols to

obtain a sequence of samples for the pilot.
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9. The apparatus according to any one of claims 1 to 8, wherein the third pilot is sent on

subcarriers evenly spaced across system bandwidth.

10. The apparatus according to any one of claims | to 9, wherein the first, second, and third
pilots are time division multiplexed (TDM) and are sent in different symbol periods of a frame

of a predetermined time duration.

1. The apparatus according to any one of claims 1 to 10, wherein the information to send

in the pilots includes sector-specific information, or system information, or both.

12. A method for transmitting pilots in a wireless communication system including:
generating a first pilot based on a first set of bits of information to send in the pilots;
generating a second pilot based on a second set of bits of the information, the second set

of bits being different from the first set of bits;
generating a third pilot based on all bits of the information; and
sending the first, second, and third pilots in first, second, and third time intervals,

respectively.

13. The method of claim 12, wherein the first and second pilots carry overlapping sets of

bits of the information,

14. The method of claim 12 or 13, wherein the second set includes all bits of the

information.

15. The method according to any one of claims 12 to 14, further including:
generating a pseudo-random number (PN) sequence for each pilot based on the set of
bits to send in the pilot; and

generating each pilot based on the PN sequence for the pilot.

16. An apparatus for transmitting pilots in a wireless communication system including;
means for generating a first pilot based on a first set of bits of information to send
in the pilots;
means for generating a second pilot based on a second set of bits of the information, the
second set of bits being different from the first set of bits;
means for generating a third pilot based on all bits of the information; and
means for sending the first, second, and third pilots in first, second, and third time

intervals, respectively.
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17. The apparatus of claim 16, wherein the first and second pilots carry overlapping sets of

bits of the information.

18. The apparatus of claim 16 or 17, wherein the second set includes all bits of the
information.
19, The apparatus according to any one of claims 16 to 18, further including:

means for generating a pseudo-random number (PN} sequence for each pilot based on
the set of bits to send in the pilot; and

means for generating each pilot based on the PN sequence for the pilot.

20. A processor-readable medium including instructions stored thereon, including:

a first set of instructions for generating a first pilot based on a first set of bits of
information to send in pilots;

a second set of instructions for generating a second pilot based on a second set of bits of
the information, the second set of bits being different from the first set of bits;

a third set of instructions for generating a third pilot based on all bits of the information;
and

a fourth set of instructions for sending the first, second, and third pilots in first, second,

and third time intervals, respectively.

21. The processor-readable medium of claim 20, wherein the first and second pilots carry

overlapping sets of bits of the information,

22, The processor-readable medium of claim 20 or 21, wherein the second set includes all

bits of the information.

23. An apparatus for receiving pilots in a wireless communication system, including:

at least one processor configured to receive first, second, and third pilots in first,
second, and third time intervals, respectively, the first, second, and third pilots carrying first,
second, and third sets of bits, respectively, of information sent in the pilots, each set including
some or all bits of the information, the second set of bits being different from the first set of bits,

and to perform detection for the first, second, and third pilots.

24, The apparatus of claim 23, wherein the at least one processor is configured to perform

detection for the first pilot to obtain a first detected value for the first set of bits sent in the first
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pilot, and to perform detection for the second pilot based on the first detected value to obtain a

second detected value for the second set of bits sent in the second pilot.

25. The apparatus of claim 23, wherein the at least one processor is configured to perform
detection for the first pilot to obtain a first detected value for the first set of bits sent in the first
pilot, to perform detection for the second pilot based on the first detected value to obtain a
second detected value for the second set of bits sent in the second pilot, the sccond set of bits
including the first set of bits, and to perform detection for the third pilot based on the first and

second detected values.

26. The apparatus of claim 23, wherein the at least one pracessor is configured to perform

detection for each pilot based on detected values for pilots previously detected, if any.

27, The apparatus according to any one of claims 23 to 26, wherein for the first pilot, the at
least one processor is configured to determine a detection metric for each of a plurality of
hypothesized values for the first pilot, and to provide a hypothesized value associated with a

largest detection metric as a first detected value for the first set of bits sent in the first pilot.

28. The apparatus of claim 27, wherein for the second pilot, the at least one processor is
configured to determine a detection metric for each of a plurality of hypothesized values for the
second pilot, wherein each hypothesized value for the second pilot includes a first part for the
first detected value for the first pilot and a second part for an unknown value for at least one
additional bit sent in the second pilot, and to provide a hypothesized value associated with a
largest detection metric for the second pilot as a second detected value for the second set of bits

sent in the second pilot.

29. The apparatus according to any one of claims 23 to 28, wherein for each pilot, the at
least one processor is configured to derive a noise estimate based on captured samples for the
pilot, to generate a plurality of pseudo-random number (PN) sequences for a plurality of
hypothesized values for the pilot, to descramble the captured samples based on the plurality of
PN sequences to obtain a plurality of sequences of descrambled samples for the plurality of
hypothesized values, to derive a plurality of detection metrics for the plurality of hypothesized
values based on the plurality of sequences of descrambled samples and the noise estimate, and
to provide a hypothesized value associated with a largest detection metric as a detected value for

the set of bits sent in the pilot.
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30. The apparatus according to any one of claims 23 to 29, wherein the at least one

processor is configured to obtain timing information from the first pilot.

31 The apparatus according to any one of claims 23 to 30, wherein the at least one

processor is configured to obtain a sector identifier (ID) from the first and second pilots.

32. A method for receiving pilots in a wireless communication system, including:

receiving first, second, and third pilots in first, second, and third time intervals,
respectively, the first, second, and third pilots carrying first, second, and third sets of bits,
respectively, of information sent in the pilots, each set including some or all bits of the
information, the second set of bits being different from the first set of bits; and

performing detection for the first, second, and third pilots.

33. The method of claim 32, wherein the performing detection includes:

performing detection for the first pilot to obtain a first detected value for the first set of
bits sent in the first pilot; and

performing detection for the second pilot based on the first detected value to obtain a

second detected value for the second set of bits sent in the second pilot.

34 The method of claim 32, wherein the performing detection includes:

performing detection for the first pilot to obtain a first detected value for the first set of
bits sent in the first pilot;

performing detection for the second pilot based on the first detected value to obtain a
second detected value for the second set of bits sent in the second pilot, the second set of bits
including the first set of bits; and

performing detection for the third pilot based on the first and second detected values.

3s. The method according to any one of claims 32 to 34, wherein the performing detection

includes:

determining a detection metric for each of a plurality of hypothesized values for the first
pilot; and

providing a hypothesized value associated with a largest detection metric as a detected

value for the first set of bits sent in the first pilot.

36. An apparatus for receiving pilots in a wireless communication system, including;
means for receiving first, second, and third pilots in first, second, and third time

intervals, respectively, the first, second, and third pilots carrying first, second, and third sets of
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bits, respectively, of information sent in the pilots, each set including some or all bits of the
information, the second set of bits being different from the first set of bits; and

means for performing detection for the first, second, and third pilots.

37. The apparatus of claim 36, wherein the means for performing detection includes:

means for performing detection for the first pilot to obtain a first detected value for the
first set of bits sent in the first pilot; and

means for performing detection for the second pilot based on the first detected value to

obtain a second detected value for the second set of bits sent in the second pilot.

38. The apparatus of claim 36, wherein the means for performing detection includes:

means for performing detection for the first pilot to obtain a first detected value for the
first set of bits sent in the first pilot;

means for performing detection for the second pilot based on the first detected value to
obtain a second detected value for the second set of bits sent in the second pilot, the second set
of bits including the first set of bits; and

means for performing detection for the third pilot based on the first and second detected

values.

39. The apparatus according to any one of claims 36 to 38, wherein the means for
performing detection includes:

means for determining a detection metric for each of a plurality of hypothesized values
for the first pilot; and

means for providing a hypothesized value associated with a largest detection metric as a

detected value for the first set of bits sent in the first pilot.

40. A processor-readable medium including instructions stored thereon, including;

a first set of instructions for receiving first, second, and third pilots in first, second, and
third time intervals, respectively, the first, second, and third pilots carrying first, second, and
third sets of bits, respectively, of information sent in pilots, each set including some or all bits of
the information, the second set of bits being different from the first set of bits; and

a second set of instructions for performing detection for the first, second, and third

pilots.

41, An apparatus substantially as herein described with reference to any one of the

embodiments of the invention illustrated in the accompanying drawings.
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42, A method substantially as herein described with reference to any one of the

embodiments of the invention illustrated in the accompanying drawings.

43 A processor-readable medium substantially as herein described with reference to any

one of the embodiments of the invention illustrated in the accompanying drawings.
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