
BEACON ASSISTED CELL SEARCH IN A WIRELESS COMMUNICATION SYSTEM
[0001]The present application claims priority to provisional U.S.
Application Serial No. 60/845,268, entitled "A METHOD AND APPARATUS
FOR USING SCALABLE BEACON SIGNALING BASED ON SYSTEM BANDWIDTH," filed
September 14, 2006; provisional U.S. Application Serial No.
60/828,051, entitled "A METHOD AND APPARATUS FOR P-SCH FOR E-UTRA,"
filed October 3, 2006; and U.S. Application Serial No. 11/853,704,
entitled "BEACON ASSISTED CELL SEARCH IN A WIRELESS COMMUNICATION
SYSTEM," filed September 11, 2007, each assigned to the assignee
hereof and incorporated in their entirety herein by reference.
BACKGROUND I. Field [0002]The present disclosure relates generally to
communication, and more specifically to techniques for searching for
cells in a wireless communication system. II. Background
[0003]Wireless communication systems are widely deployed to provide
various communication content such as voice, video, packet data,
messaging, broadcast, etc. These wireless systems may be
multiple-access systems capable of supporting multiple users by
sharing the available system 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 (SCFDMA) systems. [0004]A wireless
communication system may include any number of base stations that can
support communication for any number of user equipments (UEs). A UE
(e.g., a cellular phone) may be within the coverage of zero, one, or
multiple base stations at any given moment. The UE may have just been
powered on or may have lost coverage and thus may not know which base
stations can be received. The UE may perform cell  2 



search to detect for base stations and to acquire timing and other
infoiniation for the detected base stations. The UE may also be in
communication with one or more base stations and may be mobile. The
HE may perform cell search to detect for better base stations to
serve the LTE. [0005]Each base station may transmit synchronization
signals to assist the UEs perform cell search. In general, a
synchronization signal may be any signal that allows a receiver to
detect for a transmitter and to obtain information, e.g., timing and
identity, of the transmitter. The synchronization signals represent
overhead and should be transmitted as efficiently as possible.
Furthermore, the synchronization signals should allow the UEs to
perform cell search as quickly and efficiently as possible. SUMMARY
[0006]Techniques for transmitting synchronization signals to assist
UEs perform cell searches are described herein. In one design, a base
station for a cell may generate and transmit a primary
synchronization signal and a secondary synchronization signal, which
may be used by the UEs for initial cell search at power up. The base
station may also generate and transmit one or more beacon signals,
which may be used by the UEs for neighbor cell search to detect for
neighbor cells while the UEs are in idle and active states. A beacon
signal is a signal in which all or a large fraction of the total cell
transmit power is used for one or few subcarriers. The number of
beacon signals to transmit and the set of subcarriers usable for each
beacon signal may be determined based on the system bandwidth. In one
design, each beacon signal may be mapped to one subcarrier (which is
referred to as a beacon subcarrier) in the set of subcarriers in each
symbol period in which the beacon signal is transmitted. The beacon
subcarrier may be determined based on a beacon hopping pattern or a
beacon code and may be dependent on a cell identifier (ID) and/or
other information being sent in the beacon signal. The beacon
signal(s) may be sent with time division multiplexing (TDM) or
frequency division multiplexing (FDM). [0007]In one design, a UE may
perform initial cell search based on the primary and secondary
synchronization signals transmitted by the cells in the system. The
UE may determine the system bandwidth, e.g., based on system
information received from a detected cell. The UE may determine a set
of subcarriers usable for beacon signals  3 based on the system
bandwidth. While operating in the idle or active state, the HE may
periodically perform neighbor cell search to detect for beacon
signals from neighbor cells based on the set of subcarriers.
[0008]Various aspects and features of the disclosure are described in
further detail below. 



BRIEF DESCRIPTION OF THE DRAWINGS 100091FIG. 1 shows a wireless
communication system. [0010]FIG. 2 shows synchronization signal
transmission for a TDM design. [0011]FIGS. 3A-3C show TDM beacon
transmission for different system bandwidths. [0012]FIG. 4 shows
synchronization signal transmission for an FDM design. [0013]FIGS.
5A-5C show FDM beacon transmission for different system bandwidths.
[0014]FIG. 6 shows a beacon signal for one cell. [0015]FIG. 7 shows
beacon signals for three cells. [0016]FIG. 8 shows a block diagram of
a Node B and a HE. [0017]FIG. 9 shows a block diagram of a beacon
signal generator at the Node B. [0018]FIG. 10 shows a block diagram
of a beacon processor at the UE. [0019]FIG. 11 shows a process for
beacon transmission by the Node B. [0020]FIG. 12 shows an apparatus
for beacon transmission. [0021]FIG. 13 shows a process for beacon
detection by the LTE. [0022]FIG. 14 shows an apparatus for beacon
detection. 



[0023]FIG. 15 shows a process for synchronization signal transmission
by the Node B. [0024]FIG. 16 shows an apparatus for synchronization
signal transmission. [0025]FIG. 17 shows a process for performing
cell searches by the HE. [0026]FIG. 18 shows an apparatus for
performing cell searches. [0027]FIG. 19 shows a process for FDM
beacon transmission by the Node B. [0028]FIG. 20 shows an apparatus
for FDM beacon transmission. [0029]FIG. 21 shows a process for FDM
beacon reception by the HE. [0030]FIG. 22 shows an apparatus for FDM
beacon reception.  4 DETAILED DESCRIPTION [0031]The techniques
described herein may be used for various wireless communication
systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other systems.
The terms "system" and "network" are often used interchangeably. A
CDMA system may implement a radio technology such as Universal
Terrestrial Radio Access (UTRA), cdma2000, etc. UTRA includes
Wideband-CDMA (W-CDMA) and Low Chip Rate (LCR). cdma2000 covers
IS-2000, IS-95 and IS-856 standards. 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 (LIMB), IEEE 802.11
(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM(r), etc. UTRA,
E-UTRA and GSM are part of Universal Mobile Telecommunication System
(UMTS). 3GPP Long Term Evolution (LTE) is an upcoming release of UMTS
that uses E-UTRA, which employs OFDMA on the downlink and SC-FDMA on
the uplink. UTRA, E-UTRA, GSM, UMTS and LTE are described in
documents from an organization named "3rd Generation Partnership
Project" (3GPP). cdma2000 and UMB are described in documents from an
organization named "3rd Generation Partnership Project 2" (3GPP2).
These various radio technologies and standards are known in the art.
For clarity, certain aspects of the techniques are described below
for LTE, and LTE terminology is used in much of the description
below. [0032]LTE utilizes orthogonal frequency division multiplexing
(OFDM) on the downlink and single-carrier frequency division
multiplexing (SC-FDM) on the uplink. OFDM and SC-FDM partition the
system bandwidth into multiple (K) orthogonal subcarriers, which are
also commonly referred to as tones, bins, etc. The spacing between
adjacent subcarriers may be fixed, and the total number of
subcarriers (K) may be dependent on the system bandwidth. 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. To generate an OFDM symbol, symbols with non-zero values
may be mapped to subcarriers used for transmission, and symbols with
zero values may be mapped to remaining subcarriers. The K symbols may
be transformed to the time domain to obtain K time-domain samples.
The last C samples may be copied and appended to the front of the K
samples to obtain an OFDM symbol containing K + 



5 C samples. The copied samples are referred to as a cyclic prefix,
and C is the cyclic prefix length. 100331FIG. 1 shows a wireless
communication system 100 with multiple Node Bs 110. A Node B may be a
fixed station used for communicating with the UEs and may also be
referred to as an evolved Node B (eNB), a base station, an access
point, etc. Each Node B 110 provides communication coverage for a
particular geographic area. The overall coverage area of each Node B
110 may be partitioned into multiple (e.g., three) smaller areas. In
3GPP, the term "cell" can refer to the smallest coverage area of a
Node B and/or a Node B subsystem sewing this coverage area. In other
systems, the term "sector" can refer to the smallest coverage area
and/or the subsystem serving this coverage area. For clarity, 3GPP
concept of cell is used in the description below. [0034]UEs 120 may
be dispersed throughout the system. A UE may be stationary or mobile
and may also be referred to as a mobile station, a terminal, an
access terminal, a subscriber unit, a station, etc. A TIE may be a
cellular phone, a personal digital assistant (PDA), a wireless modem,
a wireless communication device, a handheld device, a laptop
computer, a cordless phone, etc. A UE may communicate with one or
more Node Bs via transmissions on the downlink and uplink. The
downlink (or forward link) refers to the communication link from the
Node Bs to the UEs, and the uplink (or reverse link) refers to the
communication link from the UEs to the Node Bs. In FIG. 1, a solid
line with double arrows indicates communication between a Node B and
a UE. A broken line with a single arrow indicates a DE receiving a
downlink signal from a Node B. A TIE may perform cell search based on
the downlink signals transmitted by the Node Bs. 100351In system 100,
Node Bs 110 may periodically transmit synchronization signals to
allow UEs 120 to detect for the Node Bs and to obtain information
such as timing, frequency offset, cell ID, etc. Table 1 lists three
types of synchronization signals that may be transmitted by a Node B
and provides a short description for each type of synchronization
signal.  WO 2008/033985PCT/US2007/078369 6 Table 1 Symbol
Synchronization signal 



Description PSC Primary synchronization signal A synchronization
signal used for cell detection during initial cell search. SSC
Secondary synchronization signal A synchronization signal used for
cell identification during initial cell search. BSC Beacon signal A
synchronization signal used for neighbor cell search to detect for
neighbor cells.  [0036]A primary synchronization signal may be
generated based on a primary synchronization code (PSC) sequence,
sent on a primary synchronization channel (PSCH), and referred to as
a PSC signal. The PSC sequence may be a CAZAC (constant amplitude
zero auto correlation) sequence, a pseudo-random number (PN)
sequence, etc. Some example CAZAC sequences include a Chu sequence, a
Zadoff-Chu sequence, a Frank sequence, a generalized chirp-like (GCL)
sequence, etc. A secondary synchronization signal may be generated
based on a secondary synchronization code (SSC) sequence, sent on a
secondary synchronization channel (S-SCH), and referred to as an SSC
signal. The SSC sequence may be a maximum-length sequence
(M-sequence), a PN sequence, a binary sequence, etc. A beacon signal
may be generated based on a beacon code or a beacon hopping pattern
and sent on a beacon synchronization channel (B-SCH). The primary
synchronization signal, secondary synchronization signal, and beacon
signal may also be referred to as simply PSC, SSC and BSC,
respectively. The beacon signal may also be referred to as a beacon
synchronization signal, a beacon, a BSC signal, etc. 



[0037]The PSC and SSC for E-UTRA may be generated as described in
3GPP TS 36.211, entitled "Physical Channels and Modulation," June
2007. The PSC and SSC for UTRA may be generated as described in 3GPP
TS 25.213, entitled "Spreading and modulation," May 2007. 3GPP
documents are publicly available. The PSC and SSC may also be
generated in other manners, e.g., as described in the aforementioned
provisional U.S. Application Serial No. 60/828,051. The BSC may be
generated and transmitted as described below.  7 [0038]The BSC may be
transmitted with TDM or FDM. For a TDM design, the BSC may occupy the
entire system bandwidth in each symbol period in which the BSC is
transmitted. For an FDM design, the BSC may occupy a portion of the
system bandwidth in each symbol period in which the BSC is
transmitted. [0039]FIG. 2 shows example transmission of the three
synchronization signals in Table I in accordance with a TDM design.
The transmission timeline for the downlink may be partitioned into
units of radio frames. Each radio frame may be further partitioned
into multiple (S) subframes, and each subframe may include multiple
(T) symbol periods. In one design, each radio frame has a duration of
10 milliseconds (ms) and is partitioned into S =10 subframes, each
subframe has a duration of 1 ins and is partitioned into two slots,
and each slot covers 6 or 7 symbol periods depending on the cyclic
prefix length. The radio frames may also be partitioned in other
manners. [0040]In one design, the PSC is transmitted in the last
symbol of the first slot in each of subframes 0 and 5, which are at
the start and middle of a radio frame. The SSC is transmitted just
before the PSC in subframe 0, and the BSC is transmitted just before
the PSC in subframe 5. In general, the PSC, SSC and BSC may each be
transmitted at any rate (e.g., any number of times in each radio
frame) and may be transmitted at the same or different rates. The SSC
may be sent near the PSC so that a channel estimate may be derived
based on the PSC and used for coherent detection of the SSC. The BSC
may be sent at any known location in a radio frame. [0041]In one
design, all cells in the system may transmit the same PSC sequence to
allow the UEs to detect for the presence of these cells. Different
cells may transmit different SSC sequences to allow the UEs to
identify these cells. Different cells may also transmit the BSC using
different beacon hopping patterns to allow the UEs to identify these
cells. [0042]A UE may operate in one of several states such as LTE
Detached, LTE Idle and LTE Active states. In the LTE Detached state,
the DIE has not accessed the system and is not known by the system.
The UE may power up in the LTE Detached state and may thereafter
transition to the LTE Idle state or LTE Active state upon accessing
the system and performing registration. In the LTE Idle state, the UE
may have registered with the system but may be idle and not have any
data to exchange on the downlink or uplink. In the LTE Idle state,
the IJE and the system may have pertinent context  



8 information to allow the UE to quickly transition to the LTE Active
state. The LTE may transition to the LTE Active state when there is
data to send or receive. In the LTE Active state, the UE may actively
communicate with the system on the downlink and/or uplink. [00431The
UE may perform initial cell search, e.g., in the LTE Detached state
at power up, using a three-stage process. In one design, the
three-stage process may include: 1. PSC detection stage - a. Detect
for cells based on the PSC transmitted by the cells, b. Obtain symbol
timing for each detected cell, and c. Estimate frequency offset and
channel response for each detected cell; 2. SSC detection stage - a.
Obtain frame timing for each detected cell, and b. Identify each
detected cell based on the SSC transmitted by the cell; and 3.
Broadcast channel (BCH) demodulation stage - a. Obtain system
bandwidth, cyclic prefix length, and other system information from
the BCH of a detected cell. [0044]For the PSC detection stage, the
symbol and frame timing may be unknown, so the LIE may correlate a
received signal with a locally generated PSC sequence at different
timing hypotheses (or time offsets) in order to detect for PSC
sequences transmitted by the cells. For the SSC detection stage, the
symbol timing may be known from the PSC detection stage, but there
may be many SSC hypotheses (e.g., cell IDs) to test. The TIE may
correlate the received signal with different possible SSC sequences
in order to detect for the SSC sequence transmitted by each cell
detected by the PSC detection stage. 



[00451After the initial cell search, one cell may be selected to
serve the UE. The UE may communicate with this serving cell in the
LTE Active state or may camp on this cell in the LTE Idle state.
[0046]The UE may perform neighbor cell search, e.g., while in the LTE
Idle state or LTE Active state, to look for better cells than the
current serving cell. For the neighbor cell search, the HE may
already have certain information such as the system  9 bandwidth,
symbol and frame timing, and cyclic prefix length. In one design, the
UE may search for neighbor cells by correlating the received signal
with different possible SSC sequences in the same manner as for the
initial cell search. However, continual neighbor cell search based on
correlation may consume excessive battery power at the UE. The
initial cell search may be performed only once at power up, and high
battery power consumption for a short period of time may be
acceptable. The UE may continually perform neighbor cell search while
it is powered on. Hence, low search complexity may be highly
desirable for neighbor cell search in order to reduce battery power
consumption. [0047]In an aspect, neighbor cell search may be
performed based on beacon signals transmitted by the cells. A beacon
signal includes high power narrowband signal components (e.g., on one
or few subcarriers) that may be much higher in power compared to
other signals such as user data signals. The beacon signal may be
composed of a sequence of beacon symbols. In one design, a beacon
symbol for one beacon signal is an OFDM symbol in which all or a
large fraction of the total cell transmit power is used for one
subcarrier. In other designs, a beacon symbol may have all or a large
fraction of the total cell transmit power on a small number of
subcarriers. For clarity, the following description is for the design
in which a beacon signal uses one subcarrier in each symbol period in
which the beacon signal is transmitted. Since a large amount of
energy is transmitted on just one subcarrier, a beacon signal can be
reliably detected even at low signal-to-noise ratio (SNR). [0048]In
one design, the neighbor cell search may include: 1. Beacon detection
- a. Detect for candidate subcarriers with high received signal
quality, and b. Identify neighbor cells based on the candidate
subcarriers. [0049]After detecting a neighbor cell, the UE may
measure the downlink channel 



quality for the neighbor cell based on a pilot channel transmitted by
the cell. The UE may report downlink channel qualities for all
detected neighbor cells to the system, which may make handover
decisions for the UE based on the report. [0050]The system may have a
configurable system bandwidth, which may be selected from a set of
possible system bandwidths. In one design, the possible system
bandwidths include 1.25, 2.5, 5, 7.5, 10, 15 and 20 MHz. Other
possible system  10 bandwidths may also be supported. The UEs may
also have different capabilities, which may be characterized by the
bandwidths supported by these UEs. In one design, the UEs are assumed
to support a minimum bandwidth of 10 MHz. [0051]In one design, the
number of beacon signals to transmit by a cell may be configurable
and determined based on the system bandwidth and the UE bandwidth
capability. In general, the cell may transmit a sufficient number of
beacon signals within the system bandwidth such that a UE with the
minimum bandwidth capability can receive at least one beacon signal
from the cell. [0052]FIG. 3A shows a design of TDM beacon
transmission for a system bandwidth of 20 MHz. In this design, the
system bandwidth may be partitioned into a 10 MHz left half and a 10
MHz right half. One beacon signal may be transmitted in the left
half, another beacon signal may be transmitted in the right half, and
each beacon signal may cover 10 MHz. The PSC and SSC may be
transmitted in the center 1.25 MHz of the system bandwidth. A 10 MHz
capable UE may operate in either the left or right half of the system
bandwidth and would then be able to receive one of the two beacon
signals. [0053]FIG. 3B shows a design of TDM beacon transmission for
a system bandwidth of 15 MHz. In this design, the system bandwidth
may be partitioned into a 7.5 MHz left half and a 7.5 MHz right half
One beacon signal may be transmitted in each half, and each beacon
signal may cover 7.5 MHz. The PSC and SSC may be transmitted in the
center of the system bandwidth. A 10 MHz capable UE may operate over
the left or right half of the system bandwidth. [0054]When multiple
beacon signals are transmitted, e.g., as shown in FIGS. 3A and 3B,
the same or different beacon signals may be transmitted on different
parts of the system bandwidth. However, transmitting the same beacon
signal may simplify operation. 



[0055]FIG. 3C shows a design of TDM beacon transmission for a system
bandwidth of 10 MHz. In this design, one beacon signal may be
transmitted across the entire system bandwidth and may cover 10 MHz.
The PSC and SSC may be transmitted in the center of the system
bandwidth. A 10 MHz capable UE may operate over the entire system
bandwidth.  11 [0056]TDM beacon transmission for system bandwidths of
7.5, 5, 2.5 and 1.25 MHz may be similar to TDM beacon transmission
for system bandwidth of 10 MHz. For each system bandwidth that is
equal to or smaller than the TIE bandwidth capability, one beacon
signal may be transmitted across the entire system bandwidth.
[0057]FIG. 4 shows example transmission of the three synchronization
signals in Table 1 in accordance with an FDM design. In one design, a
radio frame includes 10 subframes, the PSC is transmitted in each of
subframes 0 and 5, and the SSC is transmitted just before the PSC.
The BSC may be transmitted with the PSC and also with the SSC, as
shown in FIG. 4. Alternatively, the BSC may be transmitted only with
the PSC or only with the SSC. In general, the PSC, SSC and BSC may
each be transmitted at any rate. [0058]FIG. 5A shows a design of FDM
beacon transmission for a system bandwidth of 20 MHz. In this design,
the system bandwidth may be partitioned into a 10 MHz left half and a
10 MHz right half The PSC and SSC may be transmitted in the center
1.25 MHz of the system bandwidth. One beacon signal may be
transmitted in the portion of the left half that is not occupied by
the PSC and SSC. Another beacon signal may be transmitted in the
portion of the right half that is not occupied by the PSC and SSG.
[0059]FIG. 5B shows a design of FDM beacon transmission for a system
bandwidth of 15 MHz. In this design, the system bandwidth may be
partitioned into a 7.5 MHz left half and a 7.5 MHz right half The PSC
and SSC may be transmitted in the center 1.25 MHz of the system
bandwidth. One beacon signal may be transmitted in each half in the
portion that is not occupied by the PSC and SSC. [0060]FIG. 5C shows
a design of FDM beacon transmission for a system bandwidth of 10 MHz.
The PSC and SSC may be transmitted in the center 1.25 MHz of the
system bandwidth. One beacon signal may be transmitted in the
remaining portion of the system bandwidth that is not occupied by the
PSC and SSC. FDM beacon transmission for system bandwidths of 7.5, 5
and 2.5 MHz may be similar to FDM beacon transmission for system
bandwidth of 10 MHz. [0061]As shown in FIGS. 4 through 5C, the BSC
may be frequency division 



multiplexed with the PSC and SSC in the same OFDM symbol when the
system bandwidth is larger than 1.25 MHz. The BSC overhead may be
avoided by using FDM.  12 [0062]In one FDM beacon design, the total
cell transmit power may be divided uniformly across the K total
subcarriers. The amount of transmit power to use for each beacon
subcarrier may then be determined based on the number of usable
subcarriers. For 20 MHz system bandwidth, 1/8-th of the total cell
transmit power may be used for the PSC or SSC, 7/16-th of the total
cell transmit power may be used for the beacon subcarrier to the left
of the PSC/SSC, and the remaining 7/16-th of the total cell transmit
power may be used for the beacon subcarrier to the right of the
PSC/SSC. For 10 MHz system bandwidth, 1/4-th of the total cell
transmit power may be used for the PSC or SSC, and the remaining
3/4-th of the total cell transmit power may be used for the beacon
subcarrier to the right or left of the PSC/SSC. The total cell
transmit power may also be allocated to the beacon signal(s) and the
PSC/SSC in other manners. [0063]In the designs shown in FIGS. 3A to
3C and FIGS. 5A to 5C, the PSC and SSC are sent in 1.25 MHz and are
located at the center of the system bandwidth. This allows a LIE to
perform initial cell search based on the PSC and SSC regardless of
the system bandwidth. The PSC and SSC may also be transmitted in
other manners, e.g., sent over a different bandwidth and/or placed at
other locations within the system bandwidth. [0064]After completing
the initial cell search and performing other procedures, a UE may be
directed to operate over all or a portion of the system bandwidth.
The cells may transmit beacon signals such that the UE can detect for
these cells without having to switch frequency. For example, for
system bandwidth of 15 or 20 MHz, a 10 MHz capable UE operating on
either side of the system bandwidth should be able to receive the
beacon signals from neighbor cells without switching frequency.
[0065]In one design, the spacing between adjacent subcarriers is
fixed at 15 KHz, and the total number of subcarriers is dependent on
the system bandwidth. Table 2 lists a set of possible system
bandwidths and the total number of subcarriers (K) for each system
bandwidth in accordance with one design.  WO
2008/033985PCT/US2007/078369 13 Table 2 



System Bandwidth (MHz) FFT size N Total Number of Subcarriers K
Number of Usable Subcarriers M Beacon Signal 



Bandwidth (MHz) 1.25 128 75 24 1.08 2.5 256 150 48 2.16 5 512 300 



92 4.32 7.5 768 450 144 6.48 10 1024 600 184 8.64 15 1536 900 



144 6.48 20 2048 1200 184 8.64  10066]A usable subcarrier is a
subcarrier that may be used to send a beacon signal. A set of M
usable subcarriers may be defined based on the K total subcarriers,
where in general M K. In one design, all K total subcarriers may be
used to send one or more beacon signals. In other designs, a subset
of the K subcarriers may be used to send one or more beacon signals.
100671In one design, the number of usable subcan-iers for a beacon
signal is scalable and varies as a function of system bandwidth. For
the TDM beacon design shown in Table 2, every third subcarrier may be
used to send a beacon signal, and the usable subcarriers are spaced
apart by 45 KHz. For a system bandwidth of 10 MHz or less, one beacon
signal may be sent, and the number of usable subcarriers may be
approximately one third of the total number of subcarriers, or M K/3.
For a system bandwidth of more than 10 MHz, two beacon signals may be
sent, and the number of usable subcarriers for each beacon signal may
be approximately one sixth of the total number of subcarriers, or M
~K16. The larger number of usable subcarriers for larger system
bandwidths may be used to support more cell IDs, reduce beacon
hopping pattern length, reduce neighbor cell search time, etc.
[00681In another design, every other subcarrier may be used to send a
beacon signal, and the usable subcarriers are spaced apart by 30 KHz.
An integer multiple of 32 subcarriers may be usable for the beacon
signal depending on the system bandwidth.  



14 [0069]In yet another design, the number of usable subcarriers for
a beacon signal may be fixed, and the spacing between usable
subcarriers may vary as a function of the system bandwidth. For
example, the usable subcarrier spacing may be 45 KHz for 1.25 MHz
system bandwidth, 90 KHz for 2.5 MHz system bandwidth, etc. [0070]In
general, any number of usable subcarriers may be defined, and the
usable subcarriers may be spaced apart by any amount. The number of
usable subcarriers and the usable subcarrier spacing may be selected
based on the total number of subcarriers, the desired minimum number
of usable subcarriers, the desired minimum spacing between usable
subcarriers, etc. The same number of usable subcarriers and the same
spacing may be used for all beacon symbols. Alternatively, the number
of usable subcarriers and/or the spacing may vary for different
beacon symbols. [0071]FIG. 6 shows a beacon signal for one cell in
accordance with an FDM design. In this design, the beacon signal is
composed of one beacon symbol in each radio frame. In one design, a
beacon symbol may be sent in a symbol period reserved for beacon
transmission, e.g., as shown in FIG. 2. In another design, a beacon
symbol may replace (or puncture) another OFDM symbol. In any case,
the beacon symbols may be transmitted in locations that are known a
priori by the UEs. [0072]A beacon subcarrier is a subcarrier that has
all or much of the transmit power used for a beacon signal. A beacon
subcarrier may be selected from the set of usable subcarriers. As
shown in FIG. 6, different beacon subcaniers may be used for
different beacon symbols, and the beacon subcarrier may vary from one
beacon symbol to the next. In the example shown in FIG. 6, subcarrier
X1_1 is used for the beacon symbol transmitted in radio frame t -1,
subcarrier X, is used for the beacon symbol transmitted in radio
frame t, subcarrier X,+1 is used for the beacon symbol transmitted in
radio frame t +1, etc. [0073]Since all or a large portion of the
total cell transmit power may be used for one subcarrier in a beacon
symbol, a very high SNR may be achieved for the beacon subcarrier.
For example, the SNR of the beacon subcarrier may be increased by 10
log10(75) =18.75 dB if one out of 75 subcarriers is used for the
beacon subcarrier with a system bandwidth of 1.25 MHz, increased by
10 login (300) = 24.77 dB if one 



out of 300 subcan-iers is used for the beacon subcarrier with a
system bandwidth of 5  15 MHz, etc. Furthermore, the overhead for the
beacon signal may be relatively small. For example, if a beacon
symbol is transmitted in one symbol period in each radio frame of 140
symbol periods (e.g., with 10 subframes/radio frame and 14 symbol
periods/subframe), then the beacon overhead is only 0.7%. [0074]FIG.
7 shows example beacon transmissions for three cells A, B and C in
accordance with an FDM design. In this design, each cell may transmit
one beacon symbol in one symbol period in each radio frame, and all
three cells may transmit their beacon symbols in the same symbol
period. However, the three cells may transmit their beacon symbols on
different beacon subcarriers, which may be determined based on the
beacon hopping patterns or beacon codes for these cells. In another
design, different cells may transmit their beacon symbols in
different symbol periods in order to avoid collision of their beacon
subcarriers. [0075]In general, any type of information and any amount
of information may be sent in a beacon signal. The number of
information bits (L) that can be sent in the beacon signal may be
determined by the number of usable subcarriers (M) for the beacon
signal and the number of beacon symbols (Q) in which the information
is sent. As an example, if the beacon signal is sent in 24 usable
subcarriers, then one out of 242 = 576 possible values (or a 9-bit
value) may be sent in two beacon symbols. As another example, if the
beacon signal is sent in 32 usable subcarriers, then one out of 322=
1024 possible values (or a 10-bit value) may be sent in two beacon
symbols. Alternatively, a 9-bit value may be sent with 32 usable
subcarriers (e.g., spaced apart by 30 KHz) for one beacon symbol and
with 16 usable subcarriers (e g., spaced apart by 60 KHz) for another
beacon symbol. In general, up to Llog,(MQ)i information bits may be
sent in the beacon signal on M usable subcarriers in Q beacon
symbols. The information may be sent in more than the minimum number
of (Q) beacon symbols in order to improve reliability, increase
frequency diversity, and improve false alarm rate for a given
probability of detection. [0076]In one design, a beacon signal
carries a cell ID of a cell. For the design shown in Table 2 with M =
24 for a system bandwidth of 1.25 MHz, a 9-bit cell ID may be sent in
the beacon signal in two beacon symbols. The beacon signal may also
carry other information.  16 [0077]In one design, each cell is
assigned a cell-specific beacon hopping pattern that indicates which
subcarrier to use for the beacon subcarrier in each beacon symbol.
For example, 512 different beacon hopping patterns may be defined and
associated with 512 possible cell IDs, one beacon hopping pattern for
each cell ID. Different sets of 512 beacon hopping patterns may also
be defined for different system bandwidths, one set for each system
bandwidth. Each cell may transmit its beacon signal using the beacon
hopping pattern for its cell ID. The beacon hopping patterns may be
defined such that for any two consecutive beacon symbols, different
cell IDs are associated with unique pairs of beacon subcarriers. For
example, the 512 cell IDs may be associated with 512 unique pairs of
beacon subcarriers in two consecutive beacon symbols. This would then
allow a UE to detect all neighbor cells with any two beacon symbols. 



[0078]The cells in the system may be assigned beacon hopping patterns
such that their beacon subcarriers do not collide. For example, if
there are M = 24 usable subcarriers, then up to 24 different cells
may transmit their beacon signals on 24 different subcarriers in a
given symbol period. The length of the beacon hopping patterns may be
dependent on the number of usable subcarriers and the number of
possible cell IDs. A larger system bandwidth may provide more usable
subcarriers and allow for use of shorter beacon hopping patterns,
which may reduce neighbor cell search time. [0079]For beacon
detection, a UE may perform OFDM demodulation for each symbol period
in which a beacon symbol is sent and obtain K received symbols for
the K total subcarriers. The HE may determine the received signal
quality of each subcarrier based on the received symbol for that
subcarrier, compare the received signal quality of each subcarrier
against a threshold, and retain candidate subcarriers with received
signal quality exceeding the threshold. The UE may also use received
power and/or some other metric to identify candidate subcarriers. The
UE may maintain a list of candidate subcarriers for different beacon
symbols. The UE may then identify neighbor cells based on the list of
candidate subcarriers and the known cell-specific beacon hopping
patterns for all possible cell IDs. [0080]In another design, each
cell is assigned a cell-specific beacon code that indicates which
subcarrier to use for the beacon subcarrier in each beacon symbol.
The beacon code may be a maximum distance separable (MDS) code, which
can generate  17 codewords having the largest possible minimum
distance between codewords and thus provides the most error
correcting capability for a given amount of redundancy. Reed-Solomon
code is one example of an MDS code. Some polynomial codes may also
have certain characteristics of an MDS code. [0081]In one example
Reed-Solomon code design, M subcaniers are used to transmit a beacon
signal and are assigned indices of 0 through M -1, where M may be
dependent on the system bandwidth. Beacon symbols are transmitted at
different times given by index t, where 0 t <Do . For a beacon symbol
with index t, the beacon signal may be transmitted on a subcarricr
with index X,, which may be expressed as: xl pri+Z t 0 p;22 p2Z I ,Eq
(1) where pt is a primitive element of field Zm and p, = Pi2  al and
a2 are exponent factors determined based on the cell ID, Z is an
upper end of the range for ak and 



denotes modulo addition. [0082]Field Zm contains M elements 0 through
M -1. A primitive element of field Zm is an element of Zm that may be
used to generate all M -1 non-zero elements of Zm. As an example, for
field Z7 containing seven elements 0 through 6, 5 is a primitive
element of Z7 and may be used to generate all six non-zero elements
of Z7 as follows: 5  mod 7 = 1 , 5 mod 7 = 5 , 5 2 mod 7 = 4 , 5 3
mod 7 = 6 , 5 4 mod 7 = 2 , and 5 5 mod 7 = 3. [0083]In equation (1),
arithmetic operations are over field Zm. For example, addition of A
and B may be given as (A + B) mod M, multiplication of A with B may
be given as (A B) mod M , A raised to the power of B may be given as
AB mod M, etc. The additions within the exponents are modulo-M
integer additions. [0084]Different beacon codes may be defined with
different values of Z and M. The beacon code shown in equation (1) is
periodic with a period of P = M /Z symbols. Hence, X, = X. for any
given t.  18 [0085]The exponent factors al and az may be defined as:
0 a, < Z , and 0 a2 < (M -1) . [0086]A cell ID (or a message) may be
mapped to al and az as follows: cell ID = (M -1)- + a" or cell ID = a
+ (Z - 1)- a2 . Eq (2) 



Eq (3)  [0087]A UE can recover a cell ID sent in a beacon signal with
two consecutive beacon symbols in the presence of one cell even
without time information. For example, the UE may receive two beacon
symbols x1 and x2 at times t and t +1 . The received beacon symbols
may be expressed as: xtai+Zraz Zr = PIPt P2 I andEq (4)   =
marrZ(t+1) e pr2gt-FI) pfpiarrZt ep2zep,zt [0088]Equation set (4) may
be expressed in matrix form as follows: rx1  11 ( pritzi ? 



= A (?    i72 \PI 2P2 /  \ Plat P2Z t /    where pZ and p2z are equal
to two specific elements of field Zm. [0089]The UE may solve for
terms pifillz` and pr2p2zz in equation (5), as follows: ( \a +Zt 



[0090]The UE may obtain the exponent of pr' as follows:  19 [0091]The
logarithm in equation (7) is over field Zm. A given value of y maps
to a specific value of z. The mapping from y to z may be performed
with a took-up table or in some other manner. The exponent factor at
and time index t may be obtained from equation (7), as follows: =z1
mod Z, andEq (8a) t=z1 div Z .Eq (8b) Factor az may be determined by
substituting t obtained from equation (8b) into y2 = prp,z` to obtain
pr2 , and then solving for az based on pr'. [0092]The TIE can also
recover the cell ID from the beacon signal with any two
non-consecutive beacon symbols in the presence of one cell. The
elements of matrix A are dependent on the beacon symbols received by
the TIE. The UE can also recover cell IDs from the beacon signals
transmitted by two cells with three consecutive beacon symbols.
[0093]The beacon code shown in equation (1) may be used to generate
beacon 



hopping patterns for all possible cell IDs. Other beacon codes may
also be used for the beacon signal. [0094]FIG. 8 shows a block
diagram of a design of Node B 110 and UE 120, which are one of the
Node Bs and one of the LIEs in FIG. 1. In this design, Node B 110 is
equipped with T antennas 824a through 824t, and UE 120 is equipped
with R antennas 852a through 852r, where in general T 1 and R 1.
[0095]At Node B 110, a transmit (TX) data processor 814 may receive
traffic data for one or more UEs from a data source 812. TX data
processor 814 may process (e.g., format, encode, and interleave) the
traffic data for each UE based on one or more coding schemes selected
for that UE to obtain coded data. TX data processor 814 may then
modulate (or symbol map) the coded data for each UE based on one or
more modulation schemes (e.g., BPSK, QSPK, PSK or QAM) selected for
that UE to obtain modulation symbols. [0096]A TX MIMO processor 820
may multiplex the modulation symbols for all TJEs with pilot symbols
using any multiplexing scheme. Pilot is typically known data that is
processed in a known manner and may be used by a receiver for channel
20 estimation and other purposes. TX MIMO processor 820 may process
(e.g., precode) the multiplexed modulation symbols and pilot symbols
and provide T output symbol streams to T transmitters (TMTR) 822a
through 822t. In certain designs, TX MIMO processor 820 may apply
beamforming weights to the modulation symbols to spatially steer
these symbols. Each transmitter 822 may process a respective output
symbol stream (e.g., for OFDM) to obtain an output chip stream. Each
transmitter 822 may further process (e.g., convert to analog,
amplify, filter, and upconveit) the output chip stream to obtain a
downlink signal. T downlink signals from transmitters 822a through
822t may be transmitted via T antennas 824a through 824t,
respectively. [0097]At UE 120, antennas 852a through 852r may receive
the downlink signals from Node B 110 and provide received signals to
receivers (RCVR) 854a through 854r, respectively. Each receiver 854
may condition (e.g., filter, amplify, downconvert, and digitize) a
respective received signal to obtain samples and may further process
the samples (e.g., for OFDM) to obtain received symbols. A MIMO
detector 860 may receive and process the received symbols from all R
receivers 854a through 854r based on a MIMO receiver processing
technique to obtain detected symbols, which are estimates of the
modulation symbols transmitted by Node B 110. A receive (RX) data
processor 862 may then process (e.g., demodulate, deinterleave, and
decode) the detected symbols and provide decoded data for UE 120 to a
data sink 864. In general, the processing by MIMO detector 860 and RX
data processor 862 is complementary to the processing by TX MIMO
processor 820 and TX data processor 814 at Node B 110.  [0098] On the
uplink, at DE 120, traffic data from a data source 876 and signaling
may be processed by a TX data processor 878, further processed by a
modulator 880, conditioned by transmitters 854a through 854r, and
transmitted to Node B 110. At Node B 110, the uplink signals from UE
120 may be received by antennas 824, conditioned by receivers 822,
demodulated by a demodulator 840, and processed by an RX data
processor 842 to obtain the traffic data and signaling transmitted by
UE 120.  [0099] Controllers/processors 830 and 870 may direct the
operation at Node B 110 and HE 120, respectively. Memories 832 and
872 may store data and program codes for Node B 110 and UE 120,
respectively. A synchronization (Sync) processor 874 may perform
initial cell search and neighbor cell search based on the samples



may schedule UEs for downlink and/or uplink transmission and may
provide assignments of resources for the scheduled UEs. [00100] FIG.
9 shows a block diagram of a design of a beacon signal generator 900,
which includes a beacon symbol generator 910 and an OFDM modulator
930. Generator 910 may be part of TX data processor 814 at Node B
110, and OFDM modulator 930 may be part of each transmitter 822.
[00101] Within beacon symbol generator 910, a unit 912 may receive
the system bandwidth and determine a set of usable subcarriers for a
beacon signal based on the system bandwidth. A unit 914 may receive a
cell ID and/or other information and determine a beacon hopping
pattern or a beacon code based on the received information. For each
beacon symbol, a selector 916 may select a beacon subcarrier from the
set of usable subcarriers based on the beacon hopping pattern or
beacon code. One or multiple beacon signals may be transmitted,
depending on the system bandwidth. For each beacon symbol, a mapper
918 may map a high power symbol to the beacon subcarrier for each
beacon signal and may map symbols with zero values to remaining
subcarriers. A multiplexer (Mux) 920 may multiplex the symbols from
generator 910 with other symbols for TDM or FDM. [00102] Within OFDM
modulator 930, an inverse discrete Fourier transform (IDFT) unit 932
may perform an IDFT on K symbols from multiplexer 920 for each beacon
symbol period and provide K time-domain samples. A cyclic prefix
insertion unit 934 may append a cyclic prefix to the K time-domain
samples by copying the last C samples and appending these C samples
to the front of the K samples. Unit 934 may provide an OFDM symbol
containing a high power symbol on each beacon subcarrier and zero
values on remaining subcarriers used for the beacon signal(s).
[00103] FIG. 10 shows a block diagram of a design of a beacon
processor 1000, which includes an OFDM demodulator 1010 and a beacon
detector 1020. OFDM demodulator 1010 may be part of each receiver 854
at UE 120, and beacon detector 1020 may be part of sync processor
874. [00104] Within OFDM demodulator 1010, for each received OFDM
symbol, a cyclic prefix removal unit 1012 may remove the cyclic
prefix and provide K received samples. A discrete Fourier transform
(DFT) unit 1014 may perform a DFT on the K received samples and
provide K received symbols.  22 [00105]Within beacon detector 1020, a
unit 1022 may detect for candidate subcarriers in each beacon symbol.
Within unit 1022, a unit 1024 may compute the signal quality of each
received symbol and provide the received signal quality of the
corresponding subcarrier. A comparator 1026 may compare the received
signal quality of each subcarrier against a threshold and provide
subcarriers with received signal quality exceeding the threshold as
candidate subcarriers. A unit 1028 may receive the system bandwidth
and determine a set of usable subcarriers based on the system
bandwidth. A beacon pattern detector 1030 may detect for cell IDs
based on the candidate subcarriers, the set of usable subcarriers,
and the beacon hopping patterns for all possible cell IDs.
Alternatively, detector 1030 may detect for cell IDs based on the
beacon code. [00106] FIG. 11 shows a design of a process 1100 for
beacon transmission. Process 1100 may be performed by a transmitter
such as a Node B, a repeater, a broadcast station, etc. The system
bandwidth may be determined from a set of possible system bandwidths
(block 1112). A set of subcarriers usable for a beacon signal may be
determined based on the system bandwidth (block 1114). The usable
subcarriers may have a predetermined spacing, and the number of



[00108] The beacon signal may be sent using TDM, and only the beacon
signal may be mapped to the system bandwidth in each beacon symbol
period. The beacon signal may also be sent using FDM, and the beacon
signal and at least one other signal may be mapped to different parts
of the system bandwidth in each beacon symbol period. [00109] The
number of beacon signals to transmit may be determined based on the
system bandwidth. For example, one beacon signal may be transmitted
if the system bandwidth is equal to or less than a predetermined
value, and multiple beacon signals may be transmitted if the system
bandwidth is greater than the predetermined value. [00110] FIG. 12
shows a design of an apparatus 1200 for beacon transmission.
Apparatus 1200 includes means for determining the system bandwidth
from a set of possible system bandwidths (module 1212), means for
determining a set of subcarriers usable for a beacon signal based on
the system bandwidth (module 1214), means for generating the beacon
signal based on the set of subcarriers (module 1216), and means for
transmitting the beacon signal to assist UEs perform neighbor cell
search to detect for neighbor cells (module 1218). [00111] FIG. 13
shows a design of a process 1300 for beacon detection. Process 1300
may be performed by a receiver such as a UE, etc. The system
bandwidth may be determined from a set of possible system bandwidths,
e.g., based on system information received from a cell detected
during initial cell search (block 1312). A set of subcarriers usable
for beacon signals may be determined based on the system bandwidth
(block 1314). The beacon signals may be detected based on the set of
subcarriers (block 1316). The receiver may periodically perform
neighbor cell search to detect for beacon signals from neighbor cells
while operating in an idle state or an active state. [00112] In one
design of block 1316, demodulation may be performed for each symbol
period in which the beacon signals are transmitted to obtain received
symbols. Candidate subcaniers with received signal quality exceeding
a threshold may be determined based on the received symbols. Cells
transmitting the beacon signals may be identified based on the
candidate subcarriers and beacon hopping patterns for different
possible IDs or a beacon code indicating which subcarrier to use for
a beacon signal in each symbol period for each possible ID. The
beacon detection in block 1316  24 may be based on beacon signals
received from (i) the entire system bandwidth if it is equal to or
less than a predermined value or (ii) a portion of the system
bandwidth if it is greater than the predetermined value. [00113] FIG.
14 shows a design of an apparatus 1400 for beacon detection.
Apparatus 1400 includes means for determining the system bandwidth
from a set of possible system bandwidths (module 1412), means for
determining a set of subcarriers usable for beacon signals based on
the system bandwidth (module 1414), and means for detecting for the
beacon signals based on the set of subcan-iers (module 1416). [00114]
FIG. 15 shows a design of a process 1500 for synchronization signal
transmission by a Node B. A wideband primary synchronization signal
used by UEs for cell detection during initial cell search may be
generated, e.g., based on a PSC sequence (block 1512). A wideband
secondary synchronization signal used by the UEs for cell
identification during initial cell search may also be generated,
e.g., based on an SSC sequence or a pseudo-random sequence for a cell
ID (block 1514). A narrowband beacon signal used by the UEs for
neighbor cell search may be generated, e.g., based on a beacon



a fixed portion of the system bandwidth (block 1712). Narrowband
beacon signals may be received from different subcarriers in
different symbol periods in which the beacon signals are transmitted
(block 1714). Initial cell search may be performed based on the
wideband primary and secondary synchronization signals transmitted by
the cells. Cells may be detected based on the wideband primary
synchronization signals transmitted by these cells (block 1716).
Detected cells may be identified based on the wideband secondary
synchronization signals transmitted by these cells (block 1718).
Neighbor cell search may be performed based on the narrowband beacon
signals transmitted by the cells (block 1720). The wideband secondary
synchronization signals may be detected based on pseudo-random
sequences for a set of possible cell IDs. The narrowband beacon
signals may be detected based on a set of beacon hopping patterns for
the set of possible cell IDs. [00117] FIG. 18 shows a design of an
apparatus 1800 for performing cell searches. Apparatus 1800 includes
means for receiving wideband primary and/or secondary synchronization
signals from a fixed portion of the system bandwidth (module 1812),
means for receiving narrowband beacon signals from different
subcarriers in different symbol periods in which the beacon signals
are transmitted (module 1814), means for detecting for cells based on
the wideband primary synchronization signals transmitted by these
cells (module 1816), means for identifying detected cells based on
the wideband secondary synchronization signals transmitted by these
cells (module 1818), and means for performing neighbor cell search
based on the narrowband beacon signals transmitted by the cells
(module 1820). [00118] FIG. 19 shows a design of a process 1900 for
FDM beacon transmission by a Node B. A beacon signal may be
generated, e.g., based on a beacon hopping pattern or a beacon code
(block 1912). At least one other signal may also be generated (block
1914). The beacon signal and the at least one other signal may be
frequency division multiplexed on different parts of the system
bandwidth (block 1916). The beacon signal may be mapped to different
subcarriers in a first part of the system bandwidth in different
symbol periods in which the beacon signal is transmitted. The at
least one other signal may be mapped to a second part of the system
bandwidth in the symbol periods in which the beacon signal is
transmitted. The at least one other signal may comprise (i) a primary
synchronization signal used for cell detection during initial cell
26 search and/or (ii) a secondary synchronization signal used for
cell identification during initial cell search. The bandwidth of the
beacon signal may be scalable and determined based on the system
bandwidth. The transmit power of the beacon signal and the transmit
power of the at least one other signal may be determined based on the
fractions of the system bandwidth used for these signals. [00119]
FIG. 20 shows a design of an apparatus 2000 for FDM beacon
transmission. Apparatus 2000 includes means for generating a beacon
signal, e.g., based on a beacon hopping pattern or a beacon code
(module 2012), means for generating at least one other signal (module
2014), and means for frequency division multiplexing the beacon
signal and the at least one other signal on different parts of the
system bandwidth (module 2016). [00120] FIG. 21 shows a design of a
process 2100 for FDM beacon reception by a UE. Beacon signals may be
received from a first part of the system bandwidth (block 2112).
Other signals may be received from a second part of the system



[00126] The steps of a method or algorithm described in connection
with the disclosure herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known
in the art. An exemplary storage medium is coupled to the processor
such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage
medium may be integral to the processor. The processor and the
storage medium may reside in an ASIC. The ASIC may reside in a user
28 terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal. [00127] In one
or more exemplary designs, the functions described may be implemented
in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or
transmitted over as one or more instructions or code on a
computer-readable medium. Computer-readable media includes both
computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to
another. A storage media may be any available media that can be
accessed by a general purpose or special purpose computer. By way of
example, and not limitation, such computer-readable media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program code means
in the form of instructions or data structures and that can be
accessed by a general-purpose or special-purpose computer, or a
general-purpose or special-purpose processor. Also, any connection is
properly termed a computer-readable medium. For example, if the
software is transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted pair,
digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as infrared,
radio, and microwave are included in the definition of medium. Disk
and disc, as used herein, includes compact disc (CD), laser disc,
optical disc, digital versatile disc (DVD), floppy disk and blu-ray
disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above
should also be included within the scope of computer-readable media.
[00128] 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.  29 WHAT IS CLAIMED 1S CLAIMS       1. An
apparatus for wireless communication, comprising:      at least one
processor configured to determine system bandwidth from a set of
possible system bandwidths, to determine a set of subcarriers usable
for a beacon signal based on the system bandwidth, and to generate
the beacon signal based on the set of subcarriers; and a memory



4. The apparatus of claim 2, wherein the at least one processor is
configured to select the one subcarrier from the set of subcarriers
based on a beacon code indicating which subcarrier to use for the
beacon signal in each symbol period in which the beacon signal is
transmitted.       5. The apparatus of claim 1, wherein the
subcarriers usable for the beacon signal have a predetermined
spacing, and wherein the number of subcarriers usable for the beacon
signal is variable and determined based on the system bandwidth.
6. The apparatus of claim 1, wherein the number of subcarriers usable
for the beacon signal is fixed, and wherein the subcarriers usable
for the beacon signal have variable spacing determined based on the
system bandwidth.  30        7. The apparatus of claim 1, wherein the
at least one processor is configured to determine the number of
beacon signals to transmit based on the system bandwidth.        8.
The apparatus of claim 1, wherein the at least one processor is
configured to generate one beacon signal if the system bandwidth is
equal to or less than a predetermined value, and to generate multiple
beacon signals if the system bandwidth is greater than the
predetermined value.        9. A method for wireless communication,
comprising:    determining system bandwidth from a set of possible
system bandwidths; determining a set of subcarriers usable for a
beacon signal based on the system bandwidth; and generating the
beacon signal based on the set of subcarriers.        10. The method
of claim 9, wherein the generating the beacon signal comprises
mapping the beacon signal to one subcarrier in the set of subcarriers
in each symbol period in which the beacon signal is transmitted.
11. The method of claim 10, wherein the generating the beacon signal
further comprises    determining a beacon hopping pattern based on a
cell identifier (ID), and selecting the one subcarrier from the set
of subcarriers based on the beacon hopping pattern.        12. The
method of claim 9, further comprising:       determining the number
of beacon signals to transmit based on the system bandwidth. 



13. An apparatus for wireless communication, comprising:       means
for determining system bandwidth from a set of possible system
bandwidths;  31       means for determining a set of subcarriers
usable for a beacon signal based on the system bandwidth; and means
for generating the beacon signal based on the set of subcarriers.
14. The apparatus of claim 13, wherein the means for generating the
beacon signal comprises means for mapping the beacon signal to one
subcarrier in the set of subcarriers in each symbol period in which
the beacon signal is transmitted.        15. The apparatus of claim
14, wherein the means for generating the beacon signal further
comprises means for determining a beacon hopping pattern based on a
cell identifier (ID), and       means for selecting the one
subcarrier from the set of subcarriers based on the beacon hopping
pattern.        16. A machine-readable medium comprising instructions
which, when executed by a machine, cause the machine to perform
operations including: determining system bandwidth from a set of
possible system bandwidths;       determining a set of subcarriers
usable for a beacon signal based on the system bandwidth; and
generating the beacon signal based on the set of subcarriers. 



17. The machine-readable medium of claim 16 which, when executed by
the machine, cause the machine to perform operations further
including:       mapping the beacon signal to one subcarrier in the
set of subcarriers in each symbol period in which the beacon signal
is transmitted.        18. The machine-readable medium of claim 17
which, when executed by the machine, cause the machine to perform
operations further including:    determining a beacon hopping pattern
based on a cell identifier (ID), and selecting the one subcarrier
from the set of subcarriers based on the beacon hopping pattern.  32
19. An apparatus for wireless communication, comprising:       at
least one processor configured to determine system bandwidth from a
set of possible system bandwidths, to determine a set of subcaniers
usable for beacon signals based on the system bandwidth, and to
detect for the beacon signals based on the set of subcarriers; and a
memory coupled to the at least one processor.        20. The
apparatus of claim 19, wherein the at least one processor is
configured to perform demodulation for each symbol period in which
the beacon signals are transmitted to obtain received symbols, to
deteimine candidate subcarriers with received signal quality
exceeding a threshold based on the received symbols, and to identify
cells transmitting the beacon signals based on the candidate
subcarriers.        21. The apparatus of claim 20, wherein the at
least one processor is configured to identify the cells transmitting
the beacon signals further based on beacon hopping patterns for
different possible cell identifiers (IDs).        22. The apparatus
of claim 20, wherein the at least one processor is configured to
identify the cells transmitting the beacon signals further based on a
beacon code indicating which subcarrier to use for a beacon signal in
each symbol period for each possible cell identifier (ID).        23.
The apparatus of claim 19, wherein the at least one processor is
configured to detect for beacon signals received from an entire
system bandwidth if the system bandwidth is equal to or less than a
predetermined value, and to detect for beacon signals received from a
portion of the system bandwidth if the system bandwidth is greater
than the predetermined value.        24. The apparatus of claim 19,
wherein the at least one processor is configured to perform initial
cell search based on synchronization signals transmitted by  



33 cells, and to determine the system bandwidth based on system
information received from a cell detected by the initial cell search.
25. The apparatus of claim 19, wherein the at least one processor is
configured to periodically perform neighbor cell search while
operating in an idle state or an active state to detect for beacon
signals from neighbor cells.        26. A method for wireless
communication, comprising:     determining system bandwidth from a
set of possible system bandwidths; determining a set of subcarriers
usable for beacon signals based on the system bandwidth; and
detecting for the beacon signals based on the set of subcarriers.
27. The method of claim 26, wherein the detecting for the beacon
signals comprises       performing demodulation for each symbol
period in which the beacon signals are transmitted to obtain received
symbols,        determining candidate subcarriers with received
signal quality exceeding a threshold based on the received symbols,
and       identifying cells transmitting the beacon signals based on
the candidate subcarriers.        28. The method of claim 27, wherein
the detecting for the beacon signals further comprises identifying
the cells transmitting the beacon signals further based on beacon
hopping patterns for different possible cell identifiers (IDs).
29. The method of claim 26, wherein the detecting for the beacon
signals comprises       detecting for beacon signals received from an
entire system bandwidth if the system bandwidth is equal to or less
than a predetermined value, and        detecting for beacon signals
received from a portion of the system bandwidth if the system
bandwidth is greater than the predetermined value.  



34        30. An apparatus for wireless communication, comprising:
means for determining system bandwidth from a set of possible system
bandwidths;       means for determining a set of subcarriers usable
for beacon signals based on the system bandwidth; and means for
detecting for the beacon signals based on the set of subcarriers.
31. The apparatus of claim 30, wherein the means for detecting for
the beacon signals comprises       means for performing demodulatioji
for each symbol period in which the beacon signals are transmitted to
obtain received symbols,       means for determining candidate
subcarriers with received signal quality exceeding a threshold based
on the received symbols, and       means for identifying cells
transmitting the beacon signals based on the candidate subcarriers.
32. The apparatus of claim 31, wherein the means for detecting for
the beacon signals further comprises means for identifying the cells
transmitting the beacon signals further based on beacon hopping
patterns for different possible cell identifiers (IDs).        33. A
machine-readable medium comprising instructions which, when executed
by a machine, cause the machine to perform operations including:
determining system bandwidth from a set of possible system
bandwidths; determining a set of subcaniers usable for beacon signals
based on the system bandwidth; and detecting for the beacon signals
based on the set of subcarriers. 



34. The machine-readable medium of claim 33 which, when executed by
the machine, cause the machine to perform operations further
including:  35       performing demodulation for each symbol period
in which the beacon signals are transmitted to obtain received
symbols;       determining candidate subcarriers with received signal
quality exceeding a threshold based on the received symbols; and
identifying cells transmitting the beacon signals based on the
candidate subcarriers.  35. The machine-readable medium of claim 34
which, when executed by the machine, cause the machine to perform
operations further including:       identifying the cells
transmitting the beacon signals further based on beacon hopping
patterns for different possible cell identifiers (IDs).  36. An
apparatus for wireless communication, comprising:       at least one
processor configured to determine system bandwidth from a set of
possible system bandwidths, to generate a wideband synchronization
signal associated with the system bandwidth used by user equipments
(UEs) for initial cell search, to generate a narrowband beacon signal
used by the UEs for neighbor cell search, and to send the wideband
synchronization signal and the narrowband beacon signal; and a memory
coupled to the at least one processor.  37. The apparatus of claim
36, wherein the at least one processor is configured to map the
wideband synchronization signal to a fixed portion of the system
bandwidth, and to map the narrowband beacon signal to different
subcarriers in different symbol periods in which the narrowband
beacon signal is transmitted.  38. The apparatus of claim 36, wherein
the wideband synchronization signal comprises a secondary
synchronization signal, and wherein the at least one processor is
configured to generate the secondary synchronization signal based on
a pseudo-random sequence for a cell identifier (ID), and to generate
the narrowband beacon signal based on a beacon hopping pattern for
the cell ID.  36 



39. The apparatus of claim 36, wherein the wideband synchronization
signal comprises a primary synchronization signal used by the UEs for
cell detection during initial cell search.  40. An apparatus for
wireless communication, comprising:       at least one processor
configured to determine system bandwidth from a set of possible
system bandwidths, to perform initial cell search based on wideband
synchronization signals associated with the system bandwidth
transmitted by cells in a wireless communication system, and to
perform neighbor cell search based on narrowband beacon signals
transmitted by the cells; and a memory coupled to the at least one
processor.  41. The apparatus of claim 40, wherein the at least one
processor is configured to receive the wideband synchronization
signals from a fixed portion of the system bandwidth, and to receive
the narrowband beacon signals from different subcarriers in different
symbol periods in which the narrowband beacon signals are
transmitted.  42. The apparatus of claim 40, wherein the wideband
synchronization signals comprise secondary synchronization signals,
and wherein the at least one processor is configured to detect for
the secondary synchronization signals based on pseudo-random
sequences for a set of possible cell identifiers (IDs), and to detect
for the narrowband beacon signals based on a set of beacon hopping
patterns for the set of possible cell IDs.  43. The apparatus of
claim 40, wherein the wideband synchronization signals comprise
primary synchronization signals, and wherein the at least one
processor is configured to detect for cells during initial cell
search based on the primary synchronization signals transmitted by
the cells.  44. An apparatus for wireless communication, comprising:
at least one processor configured to determine system bandwidth from
a set of possible system bandwidths, to generate a beacon signal, to
generate at least one other  37 signal, and to frequency division
multiplex the beacon signal and the at least one other signal on
different parts of the system bandwidth; and a memory coupled to the
at least one processor.  45. The apparatus of claim 44, wherein the
at least one other signal comprises a secondary synchronization
signal used for initial cell search.  46. The apparatus of claim 44,
wherein the at least one other signal comprises a primary
synchronization signal used for cell detection during initial cell
search. 



47. The apparatus of claim 44, wherein the at least one processor is
configured to map the beacon signal to different subcarriers in a
first part of the system bandwidth in different symbol periods in
which the beacon signal is transmitted, and to map the at least one
other signal to a second part of the system bandwidth in the symbol
periods in which the beacon signal is transmitted.  48. The apparatus
of claim 47, wherein the at least one processor is configured to
determine a first fraction of total transmit power to use for the
beacon signal based on the first part of the system bandwidth, and to
determine a second fraction of the total transmit power to use for
the at least one other signal based on the second part of the system
bandwidth.  49. The apparatus of claim 44, wherein the at least one
processor is configured to determine bandwidth of the beacon signal
based on the system bandwidth.  50. An apparatus for wireless
communication, comprising:       at least one processor configured to
determine system bandwidth from a set of possible system bandwidths,
to receive beacon signals from a first pail of the system bandwidth,
and to receive other signals from a second part of the system
bandwidth, the beacon signals and the other signals being frequency
division multiplexed; and a memory coupled to the at least one
processor.  38  51. The apparatus of claim 50, wherein the other
signals comprise secondary synchronization signals, and wherein the
at least one processor is configured to perform initial cell search
based on the secondary synchronization signals and to perform
neighbor cell search based on the beacon signals.  52. The apparatus
of claim 50, wherein the other signals comprise primary
synchronization signals, and wherein the at least one processor is
configured to detect for cells during initial cell search based on
the primary synchronization signals, and to perform neighbor cell
search based on the beacon signals.  53. The apparatus of claim 50,
wherein the at least one processor is configured to receive the
beacon signals from different subcarriers in a first part of the
system bandwidth in different symbol periods in which the beacon
signals are transmitted, and to receive the other signals from a
second part of the system bandwidth in the symbol periods in which
the beacon signals are transmitted.  54. The apparatus of claim 50,
wherein the at least one processor is configured to 



determine bandwidth of the beacon signals based on the system
bandwidth. 




