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(57) Abstract: This disclosure provides a method and a first wireless apparatus for wirelessly communicating with a second wireless
apparatus. In one implementation, the first wireless apparatus (804c) comprises a memory unit configured to store communication
information associated with communicating on at least one channel of a wireless network. The apparatus further comprises a pro -
cessing system that is configured to establish communications with the second wireless apparatus (804a) via a communication link
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tion information to the second wireless apparatus. To save search time and battery power, the apparatuses may be coordinated to
scan different channels, bands and/or sub-bands. After scanning, the apparatuses share their search results. The apparatuses particip -
ating in the collaborative search are coordinated to perform different searches based at least in part on the battery power.
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INCREASED POWER SAVINGS THROUGH COLLABORATIVE SEARCH

FIELD
{6301} The present application relates generally fo communpications, and
more specifically to cell search techniques for locating cells in wireless communication

systems.

BACKGROUND

{6002) Wircless comumunication systems are widely deployed to provide
various types of commumication content such as voice and data. Typical wireless
communication systems may be multiple-access systems capable of supporting
comupumications with multiple users by sharing available system resources {c.g.,
bandwidth, transmit power). Examples of such mubiple-access systems may nclude
code division multiple access (CDMA) systems, time division multiple access (TDMA)
systems, frequency division multiple access (FDMA) systems, orthogounal frequency
division multiple access (OFDMA) systoms, and the like. Additionally, such systons
can conform to specifications such as those of third generation partnership project
{(3GPP), third generation partnership project 2 (3GPP2), 3GPP long-term evelution
(LTE), LTE Advanced (LTE-A), ctc.

{6a83] Wireless commumication systems, such as cellular communication
systems, allow a oser equipment (UE) to communicate wirelessly by establishing a
wireless (e.g., radio} link between the user equipment and one of a number of available
hase stations (BS) or cells which are geographically distributed throughout a service
area. User equipment, as used herein, is a broad term and can refer to a single device or
multiple devices. Mobility is provided by means of protocols that enable the woser
equipment to be handed off from g first basc station to a sccond base station as it moves
from a coverage arca of the first basc station to another coverage arca of the second base
station.  Various base stations may be comnected {c.g., by means of wireless and/or
wired links) to a public land mobile network (PLMN), which provides a necessary
infrastructure for servicing calls. A PLMN typically has connections to public switched
telephone networks (PSTNs) to enable calls to be routed to wire-line comnumication

devices that are not associated with a PLMN.
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{8804} Wideband code division multiple access (WCDMA) systems of
3GPP are wideband UDMA mobile commuonication systems operating over a8 S MHz
channel with a channel raster of 200 KHz. There are multiple conununication bands,
such as Juterpational Mobile Telecoramunications-2000 (IMT-2000) bands and Personal
Communications Service (PCS) bands, supporting WCDMA gystems and each spanning
a 60 MHz bandwidth on downlinks.

IR Generally, wirgless multiple-access commumication systems may
stmultancously support comumnications for multiple mobile devices.  Fach mobile
device may communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refors to the commuonication lnk
from base stations to mobile deovices, and the reverse link (or uplink) refers to the
communication Hnk from mobile devices to base stations.

EH When power is supplied to a user equipment, the oser equipment
performs a downlink synchronization of a basc station and acquires a primary
scrambling code (PSC) of the base station. Such a process is generally referred to as a
cell search. The cell search is a procedure by which a user equipment acquires fime and
frequency synchronization with a base station and detects cell identities of the base
station. In general, a cell scarch may be classified into an titial ccll search, which is
mitially performed when a user equipment (UE) is powered on, or a target cell scarch
which performs a handover or a neighbor cell measorement When the UE moves from
ceil to cell.

{6307} A user equipment consumes a relatively large amount of power
consumption performing cell searches. When a user equipment starts a cell search
procedure, it will identify at least 8 WCDMA channel, determine slot boundaries,
determine frame boundaries, ideniify at least a PSC of a base station and finally identify
a coll before starting conwnunication with the basc station. Because a user equipment
may be powered on essentially anywhere and accuracy of a user equipment’s oscillator
can also vary, an initial cell search may invelve searching for control channels of celis
throughout an euntire available radiofrequency band. For example, a base station search
can identify onme or more base stations having the best signal characteristics for
communication with the user equipment, but this also can be a power consuming task.
Accordingly, improved methods and devices for determining communication

information for wireless mobtle devices are desired.
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SUMMARY

{6808] Various implementations of systems, methods and devices within the
scope of the appended claims each have several implementations, no single one of
which 18 solely responsible for the desirable attributes described herein.  Withowt
fimiting the scope of the appended claims, some prominent features are described
herein,

{8009} Details of one or more implementations of the subject matter
described in this specification are set forth in the accompanying drawings and the
description below.  Other featurcs, iraplementations, and advantages will become
apparent from the description, the drawings, and the claims. Note that the relative
dimensions of the following figures may not be drawn to scale.

{B816] Une implementation of the subject matter described in the disclosure
provides a first mobile apparatus for wirclessly commuricating with a sccond mobile
apparatus.  The first apparatus comprises a memory unit configured to store
communication information associated with comumunicating on at least one channel of a
wireless network, The first mobile apparatus further comprises a processing systern that
18 configured to estabhish communications with the second mobile apparatus via a
communication link, to retrieve the communication information from the memory unit,
and to provide at fcast one portion of the communication information to the second
mobile apparatus.

{8811} Another implementation of the subject matter described in the
disclosure provides a method of wireless communications. The method, performed by a
first user cquipment, refricving coununumication information associated with
compunicating on at least one channel of 2 wircless network.  The method further
comprises establishing commmmications with a second user equipment via a
communication link. The method additionally comprises providing at least one portion
of the communication information to the second user equipment via the established
communication Hnk.

{86121 Yet another implementation of the subject matter described in the
disclosure provides a first mobile apparatus for wirclessly communicating with a sccond
mobile apparatus.,  The first mobile apparatus comprises means for retricving

communication mformation associated with communicating on at least once channel of a
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wireless network. The first mobile apparatus further comprises means for establishing
communications with the second mobile apparatus via a communication link. And the
first mobile apparatus further comprises means for providing at least a portion of the

information to the sccond user equipment via the conununication fink.

BRIEF DESCRIPTION OF THE DRAWINGS

{6613] Figure 1 illustrates an cxamples of a wireless communication
network,
{6014} Figure 2 is a general block diagram illustrating an cxample of a

wireless commmumnication system capable of supporting a number of user equipment.

{B815] Figure 3 shows a fumctional block diagram illustrating an example of
yser equipment,

{8816} Figure 4 shows a functional block diagram illustrating an example of
a multi-mode user equipment.

{86171 Figuve 5 depicts a functional block diagram illustrating an example of
a scarch engine front cnd.

{6018} Figure 6 depicts a flowchart illustrating an example of a scarch
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[B819] Figure 7 is a block diagram illustrating an example of a wireless
commumnication system capable of supporting a collaborative search.

{86261 Figure 8 is another block diagram illustrating an cxanple of a
wireless commumication system capable of supporting a collaborative scarch.

{80211 Figure 9 is ancther block diagram illustrating an example of a
wirgless conunumnication system capable of supporting a collaborative cell search with a
camped user equipment.

{66221 Figore 10 illustrates an example of a data strocture of shared
information used in a collaborative scaich.

{6623] Figure 11 illustrates a flowchart of an example of a method of a
collaborative cell search.

{60241 Figure 12 illostrates a block diagram of an example of a wireless
communication system capable of supporting a collaborative cell scarch via a

collaborative cell search assistance server.
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{8015) Figure 13 illustrates a flowchart of an example of a method of a
collaborative cell search via a collaborative cell scarch assistance server.

{8026} Figwre 14 illustrates a block diagram of an cxample of a wser
interface of a4 user equipmaent for a collaborative col search.

{6027] Figure 15 illustrates a flowchart of an example of a method of
wireless communications for a collaborative search

{8428] Figure 16 shows a flowchart of another example of a method of
wircless commmumnications for a collaborative scarch

{8829} In accordance with common practice the various features illustrated
in the drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may not depict all of the components of a given systern, method or device.
Finally, like reference numerals may be wsed to denote hke features throughout the

specification and figures.

DETAILED DESCRIPTION

16030] Various tmplementations of implementations within the scope of the
appended claims are described below ne single one of which is solely vesponsible for
the desirable attributes described herein. It should be apparent that the implementations
described herein may be implemented in a wide variety of forms and that any specific
structure and/or function described hercin is merely illustrative. Based on the present
disclosure a person/one having ovdinary skill in the art should appreciate that an
implementation described herein may be implemented independently of any other
implementations and that two or more of these implementations may be combined in
various ways. For example, an apparatus may be implemented and/or a method may be
practiced using any number of the fmplementations set forth herein.  In addition, such
an apparatus may be implemented and/or such a method may be practiced vsing other
structure and/or functionality in addition t0 or other than one or more of the
implementations sct forth herein.

{8031} Details of one or more implementations of the subject matter
described in this specification are set forth in the accompanying drawings and the

description below.  Other featurcs, iraplementations, and advantages will become
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apparent from the description, the drawings, and the claims. Note that the relative
dimensions of the following figures may not be drawn to scale.

{6032} The word "exemplary” is used hercin to mean "serving as an
example, iustance, or Ulustration.”  Any implementation described herein as
"exemplary” 15 not necessarily to be construed as preferred or advantageous over other
implementations. The following description is presented to enable any person skilled in
the art to make and usec the invention. Details are set forth in the following deseription
for purpose of explanation.  In other instances, well known structures and processes are
not claborated in ovder not to obscure the description of the invention with wmecessary
details. Thus, the disclosure is not intended to be limited by the implementations
shown, but is to be accorded with the widest scope consistent with the principles and
features disclosed herein.

{6833] The techniques deseribed herein may be used for various wireless
communication notworks such as Code Division Multiple Access (CDMA) networks,
Time Division Multiple Access {TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA) networks, Single-Carrier
FDMA (SC-FDMA) networks, etc. The terms “networks” and “systems” are often used
interchangeably. A CDMA network may implement a radio technology such as
Universal Terrestrial Radio Access (UTRA), cdmaZ00, ete.  UTRA includes
Wideband-CDMA (W-CDMA)} and Low Chip Rate (LCR). cdmaZ000 covers 15-20060,
18-95 and IS-856 standards. A TDMA network may tmploment a radio technology such
as (lobal System for Mobile Convounications (GSM).  An OFDMA setwork may
implement a radio technology such as Evolved UTRA (E-UTRA), IEEE 80211, IEEE
802.16, IEEE 802.20, Flash-OFDM”, etc. UTRA, E-UTRA, and GSM are part of
Universal Mobile Telecommmunication System (UMTS). Loong Term Evolution (LTE) is
a release of UMTS that uses E-UTRA. UTRA, BE-UTRA, GSM, UMTS and LTE arc
described in documents from an organization named “3vd Generation Partnership
Project” (3GPP). ¢dmaZ000 is described in documents from an organization named
*“3rd Generation Partnership Project 27 (3GPP2).

{8834} Single carrier frequency division multiple access (SC-FDMA), which
atilizes single carrier modulation and frequency domain equalization is one technigue
used in & wireless comimumication system. SC-FDMA has similar performance and
essentially the saroe overall complexity as those of OFDMA system. SC-FDMA sigoal

has lower peak-to-average power ratio (PAPR) because of its inherent single carrier



WO 2014/099168 PCT/US2013/068893

-7 -

structure. SC-FDMA  has drawn great attention, especially in the uplink
communications where lower PAPR greatly benefits the mobile terminal in terms of
transmit power efficiency. It is currently a working assomption for uplink multiple
access scheme in 3GPP LTE, or Evolved UTRA.,

§B835] Furthermore, in the following description, for reasons of conciseness
and clarity, terminology associated with the LTE Evolved Universal Terrestrial Radio
Access (E-UTRA) systerms may be used. The LTE E-UTRA technology is further
described in the 3GPP TS 23.401:  GPRS Enhancements for E-UTRAN Access
{Release 8). It should be emphasized that the mplementations disclosed hercin may
also be applicable to other technologies, such as technologies and the associated
standards related to WCDMA, TDMA, OFDMA, Evolved High Rate Packet Data
{eHRPD) and so forth. Terminologies associated with different technologies can vary.
For example, depending on the technology considered, a sser equipment used in LTE
can sometimes be called a mobile station, a user terminal, a user cquipmeont, an access
terminal, eic., to name just a fow. Likewise, the Serving Gateway (SGW) used in LTE
can sometimes be called a gateway, a HRPD serving gateway, and so forth. Likewise,
the evolved Node B {(eNB) used in LTE can sometimes be called an access node, an
access poini, a base station, a Node B, HRPD base station (BTS), and so forth. It should
be noted here that different terminologics apply to different technologies when
applicable.

{6830] Furthermore, in the following description, for reasons of concisencss
and clarity, torminclogy associated with the eHRPD systems 18 alse used.
Implementations associated with networking between E-UTRAN and eHRPD are
further described in the 3GPP2 X P0O057: E-UTRAN - eHRPD Comnectivity and
Interworking: Core Network Aspects. it should be emphasized that the
implementations described herein may also be applicable to other technologies as
previously described.

{8837} Figure 1 illustrates an exemplary wireless commumication network
100. The wireless compuwmication network 100 is configured to support
communications between a number of users or user equipment.  The wireless
communication network 100 may be divided into one or more cells 102, such as, for
example, cells 102a-102g.  Communication coverage in ceils 102a-102g may be
provided by one or more nodes 104 {c.g., basc stations 104}, such as, for example,

nodes 104a-104g.  Each node 104 wmay provide communication coverage to a
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correspondmg cell 102, The nodes 104 may interact with a plurality of access terminals
{ATs) or user equitpment, such as, for example, user equipment 106a-1061L

16038} A user equipment 106 may be a wircless communication device {e.g.,
a mobile phoue, router, personal computer, scrver, etc.) used by a user to send and
receive voice or data over a conymunications network, A user equipment may also be
referred to herein as an access terminal, as a mobile station (MS), or as a terminal
device. As shown, the access terminals 106a, 106h, and 106} comprise routers. The
user equipment 106b-106g, 1061, 106k and 1061 comprise mobile phones. However,
cach of user equipment 106a-106] may comprise any suitable communication device.

{8839} Each user equuipment 106 may communicate with one or more nodes
104 on a forward link (FL) and/or a reverse link (RL} at a given moment. A forward
hink is a communication link from a base station to a user equipment. A reverse link is a
commumcation Hnk from a user equipment to a base station. The forward link may also
be referred to as the downlink. Further, the RL may also be referred to as the uplink.
The base stations 104 may be imterconuected, for example, by appropriate wired or
wireless interfaces and may be able to communicate with cach other. Accordingly, each
user equipment 106 may conmnunicate with another user equipment 106 through one or
more base stations 104,

{B040] The wirveless communication network 100 may provide service over a
large geographic region. For example, the cells 102a-102g may cover only a few blocks
within a neighborhood or scveral square miles in a rural environment. In one
implementation, cach cell may be further divided imto one or maore sectors that are not
shown mn Figure 1.

{8841] As described above, a base station 104 may provide a user equipment
06 accesses within its coverage area to ancther communications network, such as, for
example the internet or another cellular network

{6042] Figure 2 is another diagram of an exemplary wireless connmunication
network 200 that supports at least two users. The system 200 may be desigoed to
support one or more CDMA standards and/or designs (e.g., a WCDMA standard, a I5-
95 standard, a cdma2000 standard, a HDR specification). Fov clarity, the system 200 1is
shown to include three base stations 202a, 202b and 202¢ in commumication with two
user cquipment 204a and 204b. Although not shown in Figure 2, the three base stations

202 may be interconnected and may be able to communicate with cach other.
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Accordingly, cach user equipment 204 may communicate with one another via one or
more base stations 202,

18843} In ong implementation, there are no direct commwnication lnks
between user cquipment 204, When the user cquipment 204a wanis 1o coromunicate
with the user equipment 204b, a communication between these two user cquipment may
go through at least one base station. For example, the oser equipment 204a may
synchronize with the base station 202a and register to the basc station 202a at first.
After the user equipment 204a registers with the base station 202a and becomes
associated with the base station 202a, the user cquipment 204a may exchange
imformation with the base station 202a. The same procedore is applicable on the vser
equipment 204b and the base station 202b.  After the vser equipment 204b is associated
with the base station 202b, the user equipment 204a may comnumicate with the user
equipment 204b via the base stations 202a and 202b,

{8844} Depending on a wircless commumication sysiem being mplemented,
cach user equipment 204 may communicate with one {or possibly more) base stations
202 on at least one forward link at any given moment, and may communicate with one
or more base stations on at least reverse hink depending on whether or not the user
equipment is in soft handotf.  As shown in Figure 2, the user equipment 204a may
sinuihtaneously monitor forward links from both base stations 2023 and 202b.

{B45] As a user equipment moves throughout a network, the user
cquipment may be required to perform a handoff from a part of the network using one
radio access techunology (RAT) to another part of the network using another RAT. For
example, as shown in Figure 2, a user equipment 204a may be configured to transition
from a network using WCEMA radio access technology, for example, the base station
202a, to snother part of the network using COMAZ2000 radio access technology, for
example, the base station 202b. A handotf may refer to a process of transferring an
ongoing call or data session from one channel connected to a network 1o another. The
term “handover” may also be used to refer to a handoff. When performing a handoff,
the user equipment and the target network may exchange a varicty of signaling and
perform various operations i order to establish 2 new session and configure the traffic
channel for sending and receiving data on the target network,  Preferably, no
interruption in service should occur during the handoff,

{6046} Figure 3 shows an example of a fimctional block diagram of an

exemplary wircless device 302, The wireless device 302 may be single-mode and
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capable of operation using a single RAT such as WCDMA or CDMAZ000.  The
wireless device 302 is an example of a device that may be configured to implement the
various methods described hercin. The wireless device 302 may implement any of the
devices iustrated in Figures | and 2.

{8047} The wireless device 302 may include a processor 304 which controls
operations of the wireless device 302, The processor 304 may also be referred to as a
central processing unit {CPUY.  Memory 306, which may inchide both read-cnly
memory (ROM) and random access maemory {RAM), 15 coupled te the processor 304
(that is m communication with the processor 304) and provides fnstructions and data to
the processor 304, A portion of the memory 306 may also include non-volatile random
access memory (NVRAM). The processor 304 may perform logical and arithmetic
operations based on program instructions stored within the memory 306, The
mstructions in the memory 306 may be executable to implement the methods and
processes described hergin,

{6848) The processor 304 may comprise o1 be a component of 2 processing
system implemented with one or more processors.  The processor 304 and the
components of wireless device 302 the processor 304 is coupled to (for example, by a
bus system 3272} may be referred 1o as a processing system. The one or more processors
may be implemented with any combination of general-purpose microprocessors,
microcontrollers, digital signal processors {DSPs), field programmable gate array
{(FPGAS), programmable logic devices (PLDs), controllers, state machines, gated logic,
discrete hardware components, dedicated hardware fintte state machines, or any other
suitable entitics that can perform calculations or other manipulations of mformation.

{8049 The processing system may also include machine-readable media for
storing software. Software shall be construed broadly to mean any type of instructions,
whether referred to as software, firmware, middleware, microcode, hardware description
language, or otherwise. Instroctions may nclade code {e.g., in sowrce code format,
binary code format, exccutable code format, or any other suitable format of code). The
nstructions, when executed by the one or more processors, cause the processing system
to perform the various functions described herein.

{8856] The wireless device 302 may also inchide a housing 308, and may
inchude 2 transmitter 310 and a receiver 312 to allow transmission and reception of data
or instructions, for example wirclesshy and/or over one of many known interfaces. The

transmitter 310 and receiver 312 may be combined into a transceiver 314, In some
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implementations, 4 single or a plurality of transmit antenmas may be attached to the
housing 308 and clectrically coupled to the transceiver 314, For example, when the
wirgless device 302 is used to implement a user equipment 106a, or a base station 1{4a
of Figure | or & base station 202 of Figure 2, the wircless device 302 may comprise one
or more antennas.  The wireless device 302 may also include (not shown) oultiple
transmitters, multiple recetvers, and/or multiple transceivers,

{8451] In some implomentations, the wircless device 302 alse inchides a
signal detector 318 that may be used in an cffort to detect and quantity the level of
signals received by the transceiver 314, The signal detector 318 may detect sach signals
as total energy, encrgy per subcarwior per symbol, power spectral density and other
signals. In some tmplementation, the signal detector 318 may monitor and/or detect a
signal quality parameter of a channel.

{452} The wireless device 302 may alse include a DSP 320 for use in
processing signals.

{8853) The various coraponents of the wireless device 307 may be coupled
together by a bus system 322, which may include a power bus, a control signal bus, and
a statos signal bus in addition to a data bus. The wireless device 302 may further
include other components or clements as will be understood by those having ordimary
skill in the art.

{6854} Although described separately, it is to be appreciated that functional
blocks described with respect to the wireless device 302 need not be separate structural
clements. For examaple, the processor 304 and the memory 306 raay be cmbodied on a
single chip. The processor 304 may additionally, or in the alternative, contain memory,
such as processor registers. Similarly, one or more of the functional blocks or portions
of the functionality of various blocks may be embodied on a single chip. Alernatively,
the functionality of a particular block may be tmplemented on two or more chips.

{B855] In this specification and the appended claims, it should be clear that
the term “circuiiry” is construed as a structural term and not as a functional term. For
exanple, circuttry can be an aggregate of circuit components, such as a multiplicity of
mntegrated circuit components, n the form of processing and/or memory cells, units,
blocks, and the like, such as shown and described in Figure 3. One or more of the
functional blocks and/or one or more combinations of the functional blocks described
with respect to any user equipment 204 devices or components or other equipruent

described or illastrated herein may also be imaplemented as a combination of computing
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devices, ¢.g., a combination of a D3P and a wmicroprocessor, a plurality of
MICYOPIOCEsSOrs, One  Of more  microprocessor in conjunction with a DSP
communication, or any other such configuration,

16056} Figure 4 shows an example of a functional block diagram of an
exemplary multi-mode wireless device 402, which is an implementation of any dual-
mode or multi-mode user equipment shown in Figures 1 and 2. The wireless device 402
may be dual-mode and capable of operation using at least two different RATSs, such as
WCDMA, CDMA2000, Wi-Fi and/or Bluctooth.  The wireless device 402 15 an
example of a device that may be configured to implement the various methods deseribed
herein. The wireless device 402 may inclade a processor 404 which controls the
operation of the wireless device 402, The processor 404 may alse be referred to as a
CPU. Similar to the memory 306 of Figore 3, memory 406 provides instructions and
data to the processor 404. Similar 1o the processor 304 of Figure 3, the processor 404
may comprise or be a component of a processing system implemented with one or more
processors. The processor 404 may perform logical and arithmetic operations based on
program instructions stored within the memory 406.

{8857] The wireless device 402 may also include a housing 408 that may
include at least two transceivers 410 and 412 1o allow transmission and reception of data
or instructions, for example wirclessly and/or over mwore than one known interfaces. In
some implementations, two or more transmit antennas 414 and 416 may be attached to
the housing 408 and clectrically coupled to the transceivers 410 and 412.

{8858] In some implementations, the wircless device 402 also includes at
feast one signal detector 418 that may be used in an effort 1o detect and quantify the
level of signals reccived by the transceivers 410 and 412, The signal detector 418 may
detect such signals as total energy, encrgy per subcarrier per symbol, power speciral
density and other sigoals. The wireless device 402 may also inclode a digital signal
processor (D8P) 420 for use in processing signals.

{6459] The various components of the wireless device 402 may be coupled
together by a bus system 422, which may include a power bus, a control signal bus, and
a status signal bus in addition to a data bus. The wireless device 402 may further
imchide other components or elements as will be understood by those having ordinary
skill in the art,

{8068 Although described separately, @ is to be appreciated that fimctional

blocks described with respect to the wireless device 402 need not be separate structural
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clements. For example, the processor 404 and the memory 406 may be embodied on a
single chip. The processor 404 may additionally, or i the alternative, contain memory,
such as processor registers. Similarly, one or more of the functional blocks or portions
of the functionality of various blocks may be embodied on a single chip.  Alternatively,
the functionality of a particular block may be plemented on two or more chips.

{B61] {B0s1] Figire § depicts an exemplary implementation of any user
cquipment of Figures 1 and 2. For clarity, only a subset of components of 8 user
cquipment 106 or 204 arc shown in Figure 5. Siguals are received at an antenna 502
and are delivered to a RF down-convert block 504 for ampiification, down conversion
and sampling. Various techniques for down-converting CDMA signals to a baseband
are known in the art. From the RF down-couvert block 504, T and @ samples are
delivered to a searcher 506. Note that in alternative mplementation, | and  samples
may be stored 3 memory prior to delivery to the searcher 506. The searcher 506 is in
communication with a processing module 508,  Allernatives to employing a DSP
nclude using another type of general purpoese processors or specialized hardware
designed to carry out various tasks related to searching that might be cmployved in the
processing module 508, Depending on capabilities of the searcher §06, the processing
module 508 may carry out various tasks described in the embodiments below, and
coordinate performance of the remaining tasks in the searcher 506, While only one
searcher S06 is shown in Figore S, any number of scarchers may be implemented in
parallel in accordance with principles of the present mplement.  Intermediate values
may be computed at any point in the processes and apparatuses described below in the
searcher 506 for delivery to the processing module 508 for subscquent processing. The
processing module S08 may return processed intermediate valoes 1o the searcher 506 for
subsequent processing as well.  Various alternative configurations of a processing
module or dedicated hardware will be clear o those of skill in the art and fall within the
scope of the present invention.

{Bi62] Figure 6 depicts a flowchart illusirating one implemeniation of an
operation of the scarch engine 508 of Figure 5, which may be an implementation of any
user equipment of Figures | and 2. WCDMA searching can be carvied out using a
three-step procedure. At block 602, the user equipment 106 scarches for a primary
synchronization code {PSC), a component of a primary synchronization chavunel. In
some implementations, the PSC may be a fixed 256-chip sequence that is transmiited

during the first 256 chips of each 2,560-chip slot. The PSC is the same for every cell in
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the systerm. The PSC is useful for detecting the presence of a base station, and once it s
acquired, slot timing 1s also acquired.

{8863] At block 604, the user equipment 106 segarches for secondary
synchronization codes {85Cs), which make up secondary synchronization channcls.
There are 16 256-chip SS5Cs. Each base station transmits one SSC, along with the PSC,
i the first 256 chips of every slot {cach of the 16 88Cs and the PSC are orthogonal).
There are 64 unique sequences of 15 S5Cs, cach sequence being associated with one of
64 scrambling code groups. Hach basc station 104 of Figure 1 transmits one S8C
sequence (15 S8Cs per frame) corvesponding to the code group containing that base
station’s scrambling code. The set of 64 S5C sequences are sclected such that no
sequence 18 equal to a cyclic shift of any of the other sequences or any non-trivial cyclic
shift of itsclf. Because of this property, once a user equipment determines the sequence
of SSCs transmitted in any 15 consecutive slots, it can determine both the frame timing
and which of the 64 55C scqucnces was iransmitted, thus identifying the scrambling
code group in which the basc station belongs. Because there are cight codes in each
scrambling code group, the number of candidates may be reduced to sight.

{8864} At block 606, the scrambling code candidates (for example, eight)
identified in step two 604 may be searched to deternine which one is a correct code by
the user equipment 106, This can be camied out by performing a correlation,
accumulating energies over some portion of the code candidates (a mumber of bits) until
a decision can be made.

{8865) Figure 7 is a diagram of an twoplementation of a wircless
communication system 700 that supports a collaborative cell search. The system 700 is
designed to support one or more CDMA standards and/or designs (e.g., a WCDMA
standard, a IS-95 standard, 3 COMA2000 standard or a2 HDR specification) and at least
onc alternative couvvaumication technology, for cxample, Bluctooth or Wi-Fi.  For
clarity, the system 700 13 shown to mclude two base stations 702a and 702b in
communication with three user equipment 7{4a, 704b and 704c. In addition, the system
700 inchudes an access point 706 in comnwmication with the two user equipment 704b
and 704c. The user equipment 704b compumicates with the base station 702b in
addition to the access point 706. In one implementation, the user equipment 7(4a
communicates directly with the user equipment 704¢ without via an access point o1 a
bases station. For example, when the two user equipment 704a and 704¢ both support a

peer-to-peer communication technology, sach as Wi-Fi Direct (WFD) or Bluctooth, the
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user equuipment 704a may exchange information divectly with the user equipment 704c¢
via a peer-to-pecr conpection.

{6666] In one implementation, the user equipment 704a determines what
type of radio carrvier or radio access technology (RAT) 1o search for before attenypting to
select a specific wireless network, Information transmitted from the base station 702a
to the user equipment 7044 cnables the vser cquipment 704a to select 8 wireless network
and this information may be stored in a suitable memory or memories in the user
cquipment 704a. The information may cither be transmitied by the base station 7022 on
a suitable broadcast channel or selectively transmitted to the user equipment 704a, for
example, during a registration of the user equipment 704a with a wireless network. The
transmitted joformation that coables the user equipment 704a to select the wireless
network includes, but is not necessartly limited 1o, a wireless network identification, for
example, a public land mobile network (PLMN)} identification (ID), which may be
typically broadcast by cach basc station. Some user equipment may compare such
transmitted PEMN 1Ds to PLMN IDs stored on the user equipment’ memory (e.2., the
memory 406 of Figure 4).

{8067} The wser equipment 7(4a may include one or more programmable
processors or suitable legic, for example the processing module 508 of Figure 5, that
processes mformation stored in one or more memories. The stored information may
mclade, among other things, information related to a RAT and/or froquency placement
of previously found cells, which the processing module 508 uses in searching for cells
and sclecting PLMNs. B will be appreciated that the processing module 508 may
mechide timers and other components that facilitate its operations. A transceiver
circuitry {e.g., the transceiver 314 of Figare 3 or the transceiver 4144 or 414b of Figure
4} provides for reception and itransmission of control and traffic signals on links
between the user equipment 704a and the base station 702a. At least one suitable
transceiver cireuitry is provided in the base station 702b. The transceiver may mchade
frequency-selection components that operate under a control of a8 processor {¢.g., the
processor 304 of Figure 3 or the processor 404 of Figure 4) and determine a RAT used
by the user equipment 7044 to conupunicate with the base station 702a. The transceiver
may produce down-converted and decoded information, e.g., frequency correction
bursts and data symbols, which the processor can use to determine the current RAT and

to bandle mformation for different RATs,
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{6868) In one tmplementation, a conventional PLMN selection or network
selection procedure carried out by a user equipment {¢.2., the aser equipment 136 of
Figure 1 or the processor 304 of Figure 3) invoives scanning for availabic PLMNs,
selocting the one highest prioritized available PLMN, and scarching for cells and
selecting a cell in the selected PLMN,

{B869] A cell search may mmchude all frequency bands and RATs sapported
by a user equipment. For gxample, a PCS 1900 band and 2 WCDMA Band I arg
allocated the same uplink (1850-1910 MHz) and downlink (1930-1990 MHz)
frequencies, and in some geographic areas, parts of these frequency bands are used for
GSM systems and other parts for WCDMA systems.  This s illostrated by a RSSI-
frequency plot 708, which depicts an RSSI scan (in arbitrary uniis) in a freguency
spectrum with a GSM or WCDMA system operating in. Because there are 300 possible
frequency chammels or absolute radio frequency channel number (ARFCNg) in a 60-
MHz-wide, shared frequency band such as that ilhistrated by the RSSE-frequency plot
708, a user equipment (e.g., the user equipment 106 of Figure 1) may spend siguificant
time and energy on searching for non-existent cells, with clearly negative fmpact on
both battery life time and user perceived experience.

16076 fo another implementation, for identifving a WCDMA channel, a
user equipment (e.g., any user equipment 106 of Figure 1) may perform a frequency
scan over available WCDMA chamnels and caleolate if any RS51 value is greater than a
pre-defined threshold. In some tmplementations, this frequency scan step may take the
user equipment about 500 ms in a scenario of an initial cell search when a fresh cold
start is mitiated on the user equipment. As described before, after the user equipment
identifies a WCDMA channel with a satisfying RSSI value, it may start carvying out an
additional three step search: {1} identifying slot timing, which may take the vser
equipment around 30 ms 1o some implemerdations, (2) identifying frame timing, which
may take the user equipment additional 30 ms in some implementations, and (3)
identifying a PSC of a cell operating on the identified WCBMA channel, which may
approximately take the user equipment additional 5 ms in some tupicmentations, before
the user equipment finally identifics the celi and starts commumication with it.

{88711 Information of a list of most frequently visited cells may be stored in
a databasc of the user cquipment. As such, next time upon power up, the user
equipment may perform a three-step search as illustrated in Figure 6 on at least some of

the most frequently visited cells without a frequency scan at first. However, in some
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scenarios, a list of most frequently visited cells stored in a user equipment database may
become outdated and unrelisble.  In some implementations, even though a3 wser
equipment performs a frequency scan on WCDMA channels of some ARFCNs and
obtains good RSSI values, it may stil fail to find an existing celll  As such, a full
frequency scan, followed by a three step cell search, on available WCDMA channels
may be necessary for the user equipment, and soch cell search operations consume a lot
of power,

{6472} To save user cquipment search time snd cnergy, in oune
implementation, a plurality of user equipment (e.g., any user equipment 106 of Figure
1} are coordinated to scan different channels and/or bands. After scanning different
chanvels and/or bands, the participating user equipment share their search results
between them for saving search time and energy (for example, battery power of the
UEs) through an alternative communication technology. In another tmplementation, the
plurality of user equipment participating in a collaborative search are coordinated to
cach scan different bands and/or sub-bands, cach of then inchuding at least one channel.
In some implementations, the user equipment participating in the collaborative search
are coordinated to perform different searches based at least in part on the battery life {or
power) of the user equipment. For example, with two user cquipment participating in a
collaborative search, the user equipment having the least amount of battery life left may
be tasked to perform less scarching than a oser equipment with a greater amount of
battery life romaining. In another cxample, if three or more user cquipment are
participating in 2 cellaborative search, the amound of searching to be performed by each
of the user equipment may be determined based on the relative battery power left in
cach user equipment so that the user equipment having the most battery power available
performs an amount of scarching that requires the most power.  in some
implementations, the battery power level of cach user equipment participating in a
collaborative search is a factor in determining which user equipment performs which
scarch, but there are also other factors. In some implementations, one or more of the
user equipment communicate with one or more other participating user equipment and
share information that includes their battery power level. In some implementations, a
single user equipment may coordinate {(or decide) which of the participating user
equipment participating in the collaborative search will perform certain portions of the
collaborative scarch (for example, which bands and/or frequencies) based at least in part

on the information nchiding the user equipment battery life. In some implementations,
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the battery power {for example, some measure of the remaining battery power left, e.g.,
a percentage or other indicative information) of the user equipment is shared between
the wser equipment participating in the scarch and the user cquipment cach sclect a
portion of the collaborative search to perform based on the battery life of one or more of
the user equupment. For example, the decision as to what type of search a specific user
equipment performs may be determined by a battery level of one or more user
cquipment and a common collaborative search scheme that may be used by all or 3
portion of the participating user equipment. The user equipment may make further
commumnications to coordinate such collaborative searches. The user equipment that
participate in the collaborative search may share their scarch results with the other
parficipating user equipruent. In some implementations, when a certain user equiprend
has completed a successful cell search, this user equipment may share search results
with other user equipment to reduce their search time and energy in future cell searches.

{8873} Figure 8 is a block diagram illustrating an cxample of a wircless
commumication system 800 that supports a collaborative cell search. The system 800
may be designed to support one or more CDMA standards and/or designs and an
alternative communication technology, such as Bluetooth or Wi-Fi. For clarity, the
systern 800 1s shown to only include a base station 802 and three user equipment 804a,
804b and 804c¢, which are near or In a coverage arca of the base station 802 and start cell
searches, respectively. In addition, the user equipment 804a commmmicates with the
user equipment 804b via a peer-to-pecr connection 8(6a and commumnicate with the user
cquiprment 804c via @ peer-to-peer connection 806¢. The user cquipment 804b may
further commmunicate with the user equipment 304c through a peer-to-peer link 806c¢.
The three peer-to-peer links 8062, 806b and 806¢ may be implemented using a peer-to-
peer technology such as Bhuetooth or WFD.

16074} In one traplementation, when the user equipment 804c moves into a
coverage area of the base station 802 and starts an initial cell search, the user equipment
8{}4c cstablishes a connection to at least one of the user equipment 8G4a or 804b via the
peer-to-peer connoction 806b and/or 806¢c.  As noted before, thore are 300 possible
ARFCNs or universal ARFCNs (UARFCNs) in a 60-MHz-wide frequency bandwidth.
A complete frequency scan on all possible channels may be very time and power
consuming for the user equipment 804. Therefore, after at least one of the connection
806b or 806c is established, the user cquipmend 804¢ may vegotiate with a connected

equipment 804a and/or 804b to determine a mutual agreement for a frequency scan that
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cach of the user cquipment 804 will perform on different chammels.  In another
implementation, at least one of the user equipment &04a or 804b shares known
information with the usor equipment 804c. Such shared information may include
known RSSI values of previous scanned chanuels, PN positions, known cell 1Ds, known
PLMN [Ds and/or even the positions of known celis. A PN position or a PN offset
identifies a position of a PN sequence with respect to time or chips.

{887 5] In snother implementation, as a result of the above mentioned
negotiation, the user equipment 804¢ performs a frequency scan on a band, e.g., an
IMT2000 band, while the user equipment 804b performs a frequency scan on a different
band, e.g., a PCS band. In other words, each of the user equipment 804 can perform a
scan on a different band, and then the resulis may be shared.

{6476} In yet another implementation, when user equipment 304 support a
same frequency band, these user equipment 804 may divide the whole band into
multipic sub-bands and cach scparately perform a frequency scan in cach sub-band
thereafier. After the user equipment 804 complete ther frequency scans on the sub-
bands, they shave results of their frequency scans. Such share information may mchade,
but not hmited to, known RSSI values of previous scanned channels, PN position,
known cell 1Ds, known PLMN 1Ds, location arca and/or even the positions of known
cells,

{6877] In some implomentations, shared search results nclude information
of a list of channels that any user equipment 804 has found to have good RSSI values.
A RE8&81-and-channel relationship is tlustrated in the RSSi-frequency plot 708 of Figure
7

{8878} Figure 9 i3 a diagram illustrating an oxample of a wircless
communication system 900 that supports a collaborative scarch supporting a camped
user equipment. The system 900 may be designed to support one or more CDMA
standards and/or designs and an alternative commumication technology, such as
Bluctooth or Wi-Fi. For clarity, the system 900 is shown to include a base station 902
and two user equipment 904a and 904b, which arc in communication with, or in a
coverage are of, the base station 902, In addition, the uvser cquipment 804a
communicates with the user equipment 804b throogh a peer-to-peer connection 906. In
some implemeniations, the peer-to-peer connection 906 may be implemented using a

P2P technology such as Bluetooth or WED.
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{8879) In one implementation, when the user equipment 904a successfully
completed a cell search and is able to camp on a coverage of the base station 902, the
user equipment 904a shares frequency, PSC, PN position {(or PN offset) and/or position
information of the base station 902 with the other user equipment 904b.  As such, the
user equipment 904b may only need to perform a reduced cell search around the base
station 902. In another implementation, the user equipment 904b tunes to the frequency
shared by the user equipment 9043, uscs the code shared by the user equipment 9043
and starts dispreading/descrarmabling at the PN position shared by the user cquipment
G04a.

16630) Figure 10 illustrates an example of a  data structure 1030 of
information that may be shared i a collaborative search, This data structure 1030 is an
excmplary implementation of the shared information 808 of Figure 8 and the shared
mformation 908 of Figure 9. In some implementation, the data strocture 1030 is
provided in response to & peor-to-peer assistance request from a user equipment (e.g.,
the user equipment 804 of Figure 8 or the user equipment 904 of Figure 9). The data
structure 1030 may further nclude additional configuration information not shown in
Figire 10, such as a preamble, and/or 8 data stractare header. For example, a header
can include a timestamp of the transmission, a source address, a destination address
and/or a sequence number.  The data structure 1030 may further include other
components or elements as will be understood by a person of ordinary skill in the art.

{6481} In the example illustrated in Figure 10, the data structure 1030
ncludes a collaboration field 1002, the collaboration field specifying an action or
application of information included in the data structure 1030, such as indicating that
message s a request message or a response message.  For example, when the
collaboration field 1002 is set to be “1,” it means that the information included in an
implementation of the data structure 1030 is to be shared between participating user
equipment {e.g., the user equipment §06a, 306b and R06¢ of Figure R). In this case, an
information source address ficld may be inclided to indicate which user equipment this
shared information originated from. In another mmplementation, when the coliaboration
field 1002 1s set 1o be “27, it indicates that the implementation of the data structure 1030
is a collaborative search request received from a user equipment {e.g., the user
equipment 904b of Figure 9).

{6882} A subscet of the data structure 1030 includes a channel fickd 1004, a

band field 1006 and a sub-band field 1008, which may be used to specify which
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frequency band and/or channel the data structure 1030 corresponding to. For example,
the band ficld 1006 may mdicate that the aser equipment 904a operates n a freqoency
band of 2100 megahertz {(MHz), which can ndicate, for cxample, that a transmit
frequency range of the user equipment 904a is between 1920 and 1980 MHz, and a user
equipment receive frequency range is between 2110 and 2170 MHz. The channel field
1004 may be used to specify an operating frequency being used by the user equipment
S04a and it may include information on a channel number corresponding to the
operating frequency. The channel number may be a universal mobile telephony system
terrestrial radio access absolute radio frequency channel number (UARFCN), for
example, between channel 8612 and 98&8.

{8083 A RAT field 1010 may be used to specity a RAT identifier that
describes which radio access technology is used by a user equipment {e.g.. the user
equipment 904a of Figure 8} and/or a base station (e.g., the base station 902 of Figure
9). A PSC field 1012, a SSC ficld 1014 and/or a cell 1D ficld 1016 may be used by a
user equipraent to specify a base station in communication with, For example, the PSC
field 1012 specifies a primary scrambling code used by the base station 902, the 38C
field 1014 specifies a secondary scrambling code used by the base 902, and the Cell ID
field 1016 includes a cell identifier of the base station 902.

{BO84] A PEMN field 1018 can be used to specify a mobile country code
{MCC) and/or a mobile network code (MNC), which, in combination, may uniguely
identify a neiwork operator. In some implementations, the data structure 1030 may
allow data of the PLMN ficld 1018 1o inchude only MCC information or only MNC
nformation, such that a MCC and a MNC can be transmitted separately. Thus, a user
equipment may provide collaborative search assistance to other user equipment without
revealing what a network operator is used by the user equipment.

{BORE] The data struciure 1030 can further include a location area field 1020,
which may be used to specify a location area code (LAC), and/or a position ficld 1022,
which may be used to specify a geographic location, c.g., coordinates, of the basg
station 902. As such, a user equipment meay provide its own position for & collaborative
search request or indicate shared mformation of the data structure 1030 is valid for a
certain location.

{6686] Furthermore, the data structure 1030 may include a synchronization
timing field 1024 and/or a PN position field 1026. The synchronization tiuning ficld

1024 may be used by a user equipment {e.g., the user equipment 904a of Figure 9} to
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synchronize with a particolar base station {e.g., the base station 902 of Figure 9). For
example, the synchronization timing field 1024 may include slot timing and/or frame
timing of the base station 902 operating on a channel identified by the chamnel ficld
1016, The PN position field 1026 may include a start position of a pseudo noise
sequence (PSC) of a base station in time with reference to some global time reference.
In one implementation, a base station transmits a pilot sequence periodically encoded by
a pseudo noise sequence. Bach user equipment may try to acquire a start position of this
pseudo noise sequence o time.  OQuee the user equipment knows the PSC and the start
position, the user equipment may do a dispreading and/or descrambling with this pseado
noise sequence. This implementation may alse be applied to other commumnication
systems or standards, such as LTE. Not all information needs to be provided for all data
ficlds during a peer-to-peer assistance of a collaborative search. For example, the user
equipment 804¢ that receives partial information from multiple user equipment 844 and
804b may assemble the partial information together for a collaborative search. in
another implementation, there is @ search assistance server that collects partial
mformation from multiple user equipment and assembles the collected partial
mformation together. As such, when another user equipment requests information for a
collaborative search, this user equipment may be able to obtain a relatively complete
mformation.

{BO87] Figure 11 shows a flowchart of an exemplary method 1100 of a
wirecless commumication for a collaborative search by a user equipment {c.g., the user
cquipment 804a of Figure 8 or the user equipmaent 904b of Figure 9). To begin the
collaborative cell search, the vser equipment determines a set of bands, sub-bands
and/or channels to be scarch on (block 1102). In one implementation, information of
the set of bands, sub-bands and/or channels is stored in a memory {c.g., the memory 406
of Figure 4) or previously downloaded to the user equipment by & mavufacture, a user
or an operator.  After block 1102, the user equipment starts communicating with other
user equipment that may be available for the collaborative cell search (block 1104). in
one imoplementation, the user cquipment broadcasts its collaborative search request
through a peer-to-peer network (e.g., via a Bluetooth link) or 4 local area network
{LAN) (e.g., an [EEE 802.11 LAN). In block 1106, participating user cquipment share
known information with cach other related to the set of bands, sub-bands and/or
chanuels to be scarched on. 1o one implemendation, the user equipment collects related

mformation from cach of the parficipating user equipment and assembles the
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information together for its use. Following block 1106, the user equipment determines
if the user equipment has information enough for it to synchronize to a base station in
decision block 1108, If the user cquipmont finds that it has coliccied information
enough for it 1o skip a ccll scarch (“Yes™ path out of decision block 1108), at bleck
1114 the user cquipment may start synchronizing to a base station which the user
equipment thinks to be top of its base station search candidate lst based on the
information known to the user equipment,

{6088} If the user cquipment finds that # may lack some vecessary
information (“No” path out of decision block 1108), the user equipment may proceed to
block 1110 and start negotiating a collaborative search strategy with participating oser
equipment. in block 1110, cach participating user equipment may jointly decide which
subset of the bands, sub-bands and/or channels 1o be searched on by each participating
user cquipment based on a known negotiation policy. Each participating user
cquipment may also decide which cell search step(s) has been done on cach channel of
the set and which cell search step(s) need be done. Following the negotiation in block
1116, each participating user equipment may start a simplified cell search based on the
mformation obtained in block 1106, During and/or after the simplified cell search
performed by cach participating user equipment, each of the user equipment may also
share cell search information they newly find with each other as in biock 1106.

{B3489] Figure 12 illustrates a block disgram of an example of a wireless
commumication system 1200 capable of supporting collaborative cell scarches via
collaborative cell scarch assistance servers 12102 and 1210b. The system 1200 roay be
implemented to support one or more CDMA, UMTS or LTE standards and/or designs
and/or an alternative commumication technology, such as Bhuetooth or Wi-Fi. For
clarity, the system 1200 is shown to include three basc stations 12023, 1202b and
1202¢, five user equipment 1204a, 1204h, 1204¢, 1204d and 1204e, one access point
1206 and two search assistance server 1210a and 1210b. The two secarch assistance
server 1210a and 1210b, the access point 1206, the base station 1202b and the user
equipment 1204¢ are comnected to cach other via a communication interconnection
1212, which may be at least one of an internet interconnection, a WAN interconmection,
a WLAN, interconnection, a3 LAN inlerconnection, a VPN interconnection, a P2ZP
interconnection, or ¢ic.  As such, various colizborative scarch capable user equipment

may do collaborative searches for base stations with sharing information together via
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various communication interconnections with at least one search assistance server {e.g.,
the search assistance servers $210a and 1210b).

{809¢} In Figore 12, the user equipment 1202a is shown to have alrcady
been in connection to the base station 1202a via a wireless connection 1214, In one
mplementation, the user equipment 1202a has registered to the base station 1202a and
camps in a coverage arca of the base station 1202a. In some implementations, the user
cquipment 1202a may be in at least one of a connection mode, an active mode, a sleep
mode, an inactive mode, or a dormant mode in communicating with the base station
1202a.  Also shown in Figure 12, the user equipment 1204b is searching for a base
station, for example, the base station 1202a. At least to reduce 8 burden of a cell search,
the user equipment 1204b starts a collaborative search with the user equipment 1204a
via a peer-to-peer connection 1216a.  An exemplary collaborative search assistance
request may mnclude an implementation of at least one subset of the data structure 1030
of Figure 10. As such, the user cquipment 1204a may share information regarding
neighbor basc stations, including the base station 120%2a, with the user equipment 1204b
via the peer-to-peer connection 12163, In one tmplementation, the base station 1202a
has a connection to the search assistance server 1210a. This connection may be at least
one of & direct communication link or a part of an Internet interconnection. 1o another
mplementation, the base station 1202a and the search assistance server 1210a are
coupled to each other. For example, the search assistance sever 1210a may be a part of
or a function of the base station 120Za. As such, the user equipment 1202a may forward
& collaborative scarch assistance request from the user equipmerd 1204b o the search
assistance server 1210a via the base station 12024, The search assistance server 1210a
may reply to the collaborative search assistance request by sending information back to
the user ecquipment 1204b.  In another implementation, the secarch assistance server
1210a coordinates a collaborative scarch between the user equipment 1204b and other
participating user equipment, which are not shown in Figure 12

{8301} Still referring to Figure 12, in some implementations the user
cquipment 1204c is in a weighborhood of the base station 1202b and starts a
collaborative cell search. Because the user equipment 1204¢ has an additional RAT
transceiver module (e.g., the transceiver 410 or 412 of Figure 4), the vser equipment
1204¢ may start a RAT connection to the access point 1206 via connection 1216b. The
1216b connection may be a WLAN Wi-Fi connection or a peer-fo-peer connection. On

the other side, the access point 1206 has one connection to at least one of the search



WO 2014/099168 PCT/US2013/068893

)

(o]

assistance servers 12102 and 1210b via the intercomnection 1212, Therefore, the user
equipment 1204¢ may send a collaborative search assistance request to one of the search
assistance servers 1210a and 1210b via the access poimt 1206, An excmplary
collaborative search assistance reguest roay include an implementation of at least one
subset of the data structure 1030 of Figire 10, A commumication address of a requested
search assistance server may be previoosly downloaded or mput to the user equipment
1204¢ by a nciwork operator or a user. Accordingly, one of the search assistance
servers 1210a and 1210b may reply to the search assistance request with information of
neighbor base stations arcund the user equipment 1204¢.

{8092} It s also shown in Figire 12 that the user equipment 1202d is in a
neighborhood of the base station 1207¢ and may start a collaborative cell search.
Additionally, the user equipment 1202d may commumnicate with the user equipment
1204c via a compection 1216¢ (e.g., a Bluetooth comnection or a Wi-Fi direct
commection}, and the user equipment 120Z¢ may has one connection o at feast one of the
search assistance servers 1210a and 1210b. In one implementation, the user cquipment
1204e has some information of neighbor base stations avound user equipment 12024,
This information may come from results of previcus collaborative cell searches or non-
collaborative cell searches performed by the user cquipment 1204e. I the user
equipment 1204¢ thinks this information may be useful to the user equipment 12044, it
may forward this information o the user equipment directly via the comection 1216¢.
In ancther implementation, the vser equipment 1204¢ may forward a collaborative
search assistance request from the user equipment 1204d 1o one of the scarch assistance
servers 1210a and 1210b via the intercomnection 1212, An exemplary collaborative
search assistance request may mclhade an implementation of at least one subsct of the
data structure 1030 of Figure 10. Accordingly, the at least one of the search assistance
servers 1210a and 1210b may reply the collaborative search assistance request with
mformation related to the neighbor base stations to the user equipment [204d. In
another implementation, the at least one of the search assistance servers 1210a and
1210b coordinate a collaborative secarch between the user equipment 1204d and other
participating user equipment, which are not shown in Figure 12,

188931 Figure 13 illustrates a flowchart of another example of a method
1300 of wireless communications for a collaborative search by a user equipment {e.g.,
the user equipment 804b, a of Figure ¥, the user equipment 904b of Figure 9, or any of

the user equipment 1204b, 1204¢ and 1204d of Figure 12) using a scarch assistance
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server {e.g., the search assistance server 1210a or 1210b of Figare 12). To begin the
ceHaborative cell search, the user equipment need decide a set of bands, sub-bands
and/or channels to be search on (block 1302}, In onc implementation, information of
the set of bands, sub-bands and/or channels to be searched on is stored in a memory
{e.g., the memory 406 of Figure 4) or previously downloaded to the user cquipment by a
manyfacture, a user or an operator.  After block 1302, the user equipment starts
communicating with a scarch assistance server for mformation of its neighbor celis
(block 13043 To one implementation, the user equipment connects fo the search
assistance server via an alternative commumication technology, such as a LAN, Wi-Fi
LAN ¢r a wide-area network (WAN)}, In block 1306, the user equipment may retrieve
information related to the set of bands, sub-bands and/or channels from the search
assistance server. Meanwhile, the user equipment has some mformation related to 4 cell
search and it may also share it with the search assistance server. In one implementation,
the search assistance server collects information related to cell scarches from all
participating user equipment and assembles the information into a database. Following
block 1306, the user equipment decides if the user equapment has information enough
for it to synchronize to a base station in decision block 1308. I the vser equipment
finds that it bas collected jnformation enough for it to skip & cell search (“Yes™ path out
of decision block 1308), the user equipment may start synchronizing to a base station
which the user equipment thinks to be top of its base station scarch candidate list based
on the information known to the user equipment.

{6304} If the user cquipment finds that # may lack some vecessary
information (“No” path out of decision block 1308), the user equipment may proceed to
block 1310 and start negotiating a collaborative search strategy with participating oser
cquipment. o onc implementation, this collaborative search siralegy negotiation is
done by the scarch assistance server with cach participating user equipment. In bleck
1310, cach participating user equipment knows which subset of the bands, sub-bands
and/or channels to be searched on from results of the negotiation.  Each participating
user equipment may also decide which cell scarch step(s) has been done on each
channel of the set and which cell search step(s) need be done. Following the negotiation
in block 1310, cach participating user eqoipment may start a simplified cell search
based on the information obtained in block 1312, During and/or after the simplified ccll

scarch performed by cach participating user cquipment, each participation user
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equipment may also share cell scarch mformation they newly find with each other as in
block 1306.

{8095} Figwre 14 illustrates a block diagram of an cxample of a wuser
interface 1400 of a user cquipment (c.g., any user cquipment 106 of Figure 1)
supporting a collaborative cell search. Figure 14 illustrates two examples, user interface
implementations 1420A and 1420B, of the user interface 1400. The oser mterface
implementation 1420A has a large surface 140728, one main view arca 1404a and three
possible buttons 1412a, 1414a and 1416a.  In the main view arca 14044, there are three
main components: 2 status bar 1406a, an information window 1408a and a confirmation
button 1410a. The status bar 1406a displays a current status of the user equipment,
such as a power status, a status of a connected network, a status of the user cquipment’s
commumcation interface(s).  The mformation window 1408a displays a list user
equipment(s) and/or search assistance server(s) available for the user equipment {o start
a coilaborative scarch. In some implementation, cach participating user equipment or
cach scarch assistance server on the Hst can be highlighted for indicated a choice by a
user. The confirmation button 1410a is used to confirm the choeice by the user. After
the user confirms the seloction, the user equipment may send a collaborative search
request 1o a user equipment or a scarch assistance server highlighted on the information
window 408a.

{3896] Similar to the user imterface implementation 1420A, the user
interface implementation 14208 has a large surface 1402b, one main view arca 1404b
and three possible buttons 1412b, 1414b and 1416b.  In the main view arca 1404b,
there are three main components: a status bar 1406b, an information window 1408b and
a confirmation button 1410b.  The status bar 1406b displays a current status of the vser
equipment, such as a power status, a status of a connected network, a status of the user
equipment’s communication inferface(s). The information window 1408b digplays a list
user equipment(s) and/or search assistance server(s) sending a collaborative search to
the user equipment. o one tmplementation, each participating user equipment or cach
search assistance server on the list can be highlighted for indicated a choice by a user.
The confirmation button 1410b is used 1o confivm the choice by the user. After the user
confirms the selection, the vser equipment may accept a collaborative search request
sent from the vser equipment or search assistance server highlighied on the information

window 1408b,
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{8897) Figuve 15 illustrates a flowchart of snother example of a method
1500 of wireless communication for a collaborative cell search. The method may be
performed, for example, by user equipment 904a of Figure 9. At block 1502, the user
equipment identifies & desired channcl.  The means for identifying a channel may
melade at least one of a processing module 308, The identified chanmel may nclude at
least one of a frequency, a frequency band, a frequency sub-band and a channel nomber.
At block 1502, the user equipment identifies synchronization mformation of a basc
station {¢.g., the basc station 902). The means for identifying the synchrovization
information of the base station may include at least one of the processing module {e.g.,
the processing module 508 of Figare 5) and a scarcher {(e.g., the searcher 506 of Figure
53, The synchronization information of the base station may include at least one of
symbol timing information, slot timing mformation, frame timing information, P3C or
SSC. A user equipment may reduce synchronization time to a base station with using
synchronization information of the base station. At block 1404, the user cquipment
shares data of collaborative search information with another user equipment (¢.g., the
user equipment 904b of Figure 9). The means for sharing collaborative search
mformation may inclade a transceiver {e.g., the transceiver 412 of Figure 4). The vser
equipment may share the information with the another equipment through a peer-to-peer
connechon.

{B98] Figure 16 is a flowchart of another exemplary method 1600 of
wircless communication for a collaborative search. The method may be performed, for
cxample, by a user equipment 904b of Figure 9. At block 1602, the user cquipment
obtains information of at least one chanmel from a second user equipment {e.g., the user
equipment 904a of Figure 9). The means for obtaining information of at least one
channel from a second user equipment may mchide a roceiver {e.g., the receiver 312 of
Figire 3% and a processor { e.g., the processor 304 of Figure 33, The information of a
channel may include at least one of a frequency, a band, a sub-band, a channel number,
PSC or S8C information of the channel. At block 1504, the user equipment detects at
feast one channel based on the obtained information form a Hst of movnitored channels,
The means for detecting at least one channel based on the obtained information may
imchude at least one of a processing module {e.g., the processing modole SO8 of Figure
5% and a scarcher (e.g., the scarcher 506 of Figure 5). The user cquipment may use the
obtained information to form the list of monitored channels. The user equipment may

further form synchronization information of each monitored channel. At block 1506,
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the user equipment shares mformation of at least a subset of said Hst of monitored
channels with at least one of the second user equipment and a third user equipment {e.g.,
the user equipment 804 of Figure 8). The means for sharing information may include a
transceiver {e.g., the transceiver 412 of Figure 4). The user equipment may share the
mformation with another user equipment through a peer-to-peer connection.

[8886] It should be understood that any reference to an element herein using
a designation such as "first,” "second,” and so forth does not gencrally limit the quantity
or order of those clements. Rather, these desigoations may be used herein as a
convenient method of distinguishing between two or more clements or instances of an
clement. Thus, 2 reference to first and second elements does not mean that only two
clements may be employed there or that the fist clement must precede the second
clement n some manner. Also, unless stated otherwise a set of elements may inchude
one or more elements.

{B899] A person/one having ordinary skill in the art would understand that
information and signals may be represented using any of a variety of different
techunologies and techmiques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, clectromagnetic waves, magnetic
fields or particles, optical fields or particles, or any combination thereof.

{3180 A persow/one having ordinary skill in the art would firther appreciate
that any of the various illustrative logical blocks, modules, processors, means, circuits,
and algorithm steps deseribed in connection with the tmuplementations disclosed herein
may be implemented as electronic hardware (e.g., a digital implementation, an analog
implementation, or a combination of the two, which may be designed using source
coding or some other technique), various forms of program or design code incorporating
nstructions (which may be referred to herein, for convenience, as "software” or a
"software modale), or combinations of both, To clearly llustrate this interchangeability
of hardware and software, various illustrative components, blocks, modales, circuits,
and steps have been described above generally in torms of their functionality. Whether
such functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionslity in varying ways for gach particular application,
but such implementation decisions should not be interpreted as causing a departure from

the scope of the present disclosure.
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{8181} The various illustrative logical blocks, modules, and circuits
described in connection with the implementations disclosed herein and in connection
with Figores 1-12 may be implemented within or performed by an mtegrated circuit
(IC}, an access torminal, or an access point. The IC may include a general purpose
processor, 8 digital signal processor (DSP), an application specific integrated circuit
{ASIC), a field programmable gate array (FPOA) or other programmable logic device,
discrete gate or trapsistor logic, discrete hardware components, clectrical componenis,
optical componerds, mechanical components, or auy combination thereof designed to
perform the functions described herein, and may exccute codes or instructions that
reside within the IC, outside of the IC, or both, The logical blocks, modules, and
circuits may mclude antonnas and/or transceivers to commumicate with various
components within the network or within the device. A general purpose processor may
be a microprocessor, but in the alternative, the processor may be any conventional
processor, confroller, microcontroller, or state machine. A processor may alse be
implemented as a combination of computing devices, ¢.g., 2 combination of & DSP and
a microprocessor, a plurality of microprocessors, one or mOre MICTOPTOCESSOrS N
conjunction with a DSP core, or any other such configiration. The functionality of the
modules may be implergsented in some other manner as taught herein. The functionality
described hercin {e.g., with regard to one or more of the accompanying figures) may
correspond in some implomentations to similarly designated “means for” functionality
in the appended claims.

[$192) It s understood that any specific order or hierarchy of steps in any
disclosed process is an example of a sarple approach. Based upon design preferences,
it is understood that the specific order or hicrarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure.  The
accoropanying mcthod claims present clements of the various steps in a sample order,
and are not meant to be himited to the specific order or hierarchy presented.

{8143] Varicus modifications to the implomentations described in this
disclosure may be readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other implementations without departing from the
spirit or scope of this disclosure. Thus, the disclosure is not intended to be Hmited to
the implementations shown herein, but is to be accorded the widest scope consistent
with the claims, the principles and the novel features disclosed herein. The word

“exemplary” is used exclusively herein to mean “serving as an example, mstance, or
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illustration.” Any implementation described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other implementations.

{6104] Certain featores that are described in this specification in the context
of scparatc implementations also can be inplemented in cormsbhination in a single
mplementation.  Conversely, various features that are described in the context of a
single implementation also can be implemented n multiple implementations separately
or in any suitable sub-combination. Moreover, although features may be described
above as acting in certain combinations and even initially claimed as such, one or more
features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed to a sub-combination or
variation of & sub-combination.

{6195] Similarly, while operations are depicted in the drawings W a
particular order, this should vot be understoed as requiring that such operations be
performed in the particular order shown or in sequential order, or that alf illustrated
operations be performed, to achicve desirable results.  To cerfain circumstances,
multitasking and parallel processing may be advantageous. Moreover, the separation of
various sysiem components in the implementations described above should not be
vonderstood as rvequiring such separation in all joplementations, and it should be
understood that the described program compouvents and systems can generally be
mtegrated together in a single software prodoct or packaged mto muldtiple software
products.  Additionally, other implementations arc within the scope of the following
claims. In some cases, the actions recited in the claims can be performed in & differcnt

order and still achieve desivable results.
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WHAT IS CLAIMED IS:

t. A first mobile apparatus for wirclessly communicating with a second mobile
apparatus, comprising:
a memory unit configured to store conununication information associated
with commmunicating on at least one channel of a wireless network; and
a processing system operationally coupled to the memory umit and
configured to
cstablish conmmumnications with the second mobile apparatus via a
conmnunication hink,
retrieve the communication information from the memory unit,
and
provide at least one portion of the commuunication information to

the second mobile apparatus.

2. The first mobile apparatus of claim 1, wherein the communication link is a
peer-to-peer commumication Hnk, and wherein the first mobile apparatus provide the at
feast one portion of the commumication information to the second mobile apparatus via

the peer-to-peer comimunication link.

3. The first mobile apparatus of claim 1, wherein the communication hnk is
established via at least one access point, and wherein the first mobile apparatus provides
the at least onc portion of the communpication information to the second mobile

apparatus via the at least one access point.

4. The first mobile apparatus of clamm 1, wherein the commumication
mformation comprises synchronization imformation of at least one base station operating
on the at least onc channel, and wherein the processing system is further configured 1o
provide at least one portion of the synchronization tnformation to the second nwobile

apparatus.

5. The first mobile apparatus of claim 1, wherein the communication
information of the at lcast one channel comprises at least one of symbol timing
information, slot timing information, battery level of at least one user device, frane

timing information, a primary scrambling code or a secondary scrambling code of at
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feast one base station operating on the at least one channel, and wherein the processing
systemn is further configured to provide at least one portion of the at least one of the
symbol timing information, the slot timing formation, the battery level of at lcast one
user device, the frame timing mformation, the primary scrambling code or the

secondary scrambling code to the second mobile apparatus.

6. The first mobile apparatas of claim 1, wherein the commumication
information comprises a list of one or more channels having RSSI values larger than a

threshold.

oy

7. The first mobile apparatus of claim 1, wherein the communication
information comprises location information of at least one base station, and wherein the
processing system s further configured to provide at least one portion of the location

information of the at least one base station to the second mobile apparatus.

8. The first mobile apparatus of claim 1, wherein the communication
nformation comprises PN position information of at least one base station, and wherein
the processing system s further configured to provide at least a portion of the PN

position information of the at lcast one base station to the second mobile apparatus.

9. The first mobile apparatus of claim 1 further comprising a channel search
module operationally coupled to the processing system, wherein the processing system
is further configured to

receive at least one collaborative search request from the second mobile
apparatus via the comvounication link, the collaborative scarch request
identifying another portion of the information of the at least one channel;

scarch for the anocther portion of the information via a channel search
module; and

provide the another portion of the mformation to the second mobile

apparatus via the commumication link.

10. The first mobile apparatus of claim 9, wherein the another portion of the
mformation comprises synchronization information of at least one base station operating
on the at least one channel, and wherein the processing system is further configured to

scarch for the synchronization information via the channel scarch module.
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11, The first mobile apparatus of claim 9, wherein the another portion of the
mformation of the at least one channel comprises at least one of symbol timing
mformation, slot timing formation, frame timing information, a primary scrambling
code or a sccondary scrambling code of at least one base station operating on the at least
one chamnel, and wherein the processing systern is further contigured to scarch for the at
feast one of the symbol timing nformation, the slot timing formation, the frame fiming
information, the primary scrambling code or the secondary scrambling code via the

chavnnel search module.

12. The first mobile apparatus of claim 9, wherein the another portion of the
information includes a list of one or more channels having R5S81 values larger than a
threshold, and wherein the processing system is further configured to search for the list

of the one or more channels having good RSS1 values via the channel search module.

13. The first mebile apparatus of claim 9, wherein the another portion of the
information comprises location information of at least one base station, and wherein the
processing system is further configured to search for the location tnformation of the at

least one base station via the channel search module.

14. The first mebile apparatus of claim 9, wherein the another portion of the
nformation comprises PN position information of at least one base station, and wherein
the processing system is further configured to search for the PN position information of

the at least one base station via the channel search module.

15. The first mobile apparatus of claim 1, whercin the processing system is
further configured to:
receive at least one coliaborative search request from one or more mobile
apparatus via snother communication link, the at least one collaborative search
request identifying another portion of the mformation of the wireless network;
and
determine commumnication information for the first mobile apparatus to

search for;
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determine communication mformation for the one or more other mobile
apparatos to search for and commmuumicate the such information to the one or
more other mobile apparatus;

determine conununication information of the wireless network;

provide at least a portion of the determined convmunication information
to the one or more mobile apparatus; and

receive communication information of the wircless network from the ong

of more mobile apparatus.

16. The first mobile apparatus of claim 15, wherein determining information for
the first mobile apparatus and the one or more mobile apparatus to search for is based at
fcast partially on battery power level information of at least one of the first mobile

apparatus or the one or more mobile apparatus.

17. The first mobile apparatus of claim 1, wherein the processing system is
further configured to send a collaborative search request to a third apparatus, the
collaborative search request comprising another portion of the information of the at least

ane chanoel.

18, The first mobile apparatus of claim 17, wherein the collaborative search

L]

request inclades battery power level information of the one or more mobile apparatus.

19. The first mobile apparatus of claim 1, wherein the commumication
information comprises battery power level mformation of at least one of the first mobile

apparatus or the second mobile apparatus.

20. A method of wireless communications, the method performed by a first user
equipment, comprising:
retrieving  commuonication  information  associated  with
communicating on at least one channel of a wireless network;
establishing communications with a second user equipment via a
communication link; and
providing at least one portion of the communication information

to the second user equipment via the established communication link.
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21. The method of claim 20, wherein the establishing the
communications further comprises cstablishing the commaunications with the

second user equipment via a peer-to-peer communication link

22. The method of claim 28, wherein the establishing the
comvmunications further comprises establishing the comvounications with the

second user equipment via at least one access point.

23. The method of claim 20, wherein the retrieving communication information
further comprises retrieving synchronization information of at least one base station

operating on the at least one chamoel

24, The method of claim 20, wherein the retrieving communication information
further comprises retrieving at least one of symbeol timing mformation, siot timing
formation, frame timing imformation, a primary scrambling code or a secondary

scrambling code of at least one base station operating on the at least one channel.

25. The method of claim 20, wherein the retrieving communication information
further comprises retrieving RSST information of at least one base station operating on

the at least one channel.

26. The method of claim 20, wherein the retricving conunumnication information
further comprises retfrieving location information of at least one base station operating

on the at least one channel.

27. The method of claim 20, wherein the retrieving comumumication information
further comprises retrieving PN position information of at least onc base station

operating oun the at feast one channel.

28. The method of claim 20, further comprising:

receiving at least one collaborative search request from the second user
equipment via the commumication hnk, the at least one collaborative search
request identifying another portion of the at least one chaunnel;

searching for the another portion of the information via & channel scarch

module; and
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providing the another portion of the information to the second user
equiipment.

29. The method of c¢laim 28, wherein the searching for the another portion of the
hase station operating on the at least one channel.

information further comprises identifying synchronization information of at least one
30

. The methed of claim 28, wherein the searching for the another portion of the
mformation further comprises 1dentifying at least one of symbol timing information, slot
timing formation, frame timing information, a primary scrambling code or a secondary

scrambling code of at least one base station operating on the at least one channel.

31. The method of claim 28, wherem the searching for the another portion of the
mformation further comprises identifying RSSI tnformation of at least one base station
operating on the at least one chamnel

32. The method of claim 28, wherein the searching for the another portion of the

mformation further comprises identifying location mformation of at least one base
station operating on the at least one channel.

33. The method of claim 20, further comprising:

receiving at lecast one collaborative search request from a third wvser

and

equipment via another communication link, the at least one collaborative search
request identifying another portion of mformation of the at least one channel;

providing the another portion of the information to the sccound user
equipaent.

Y Y

34, The method of claim 33, w

herein the rveceiving at least one collaborative
scarch request comprises receiving the at least one collaborative search request based at

feast partially on batiery power level information of at least onc of the first user
equipment, the second user equipment or the third user equipment.

35. The method of claim 20, further comprising sending a collaborative search

request to a third oser eqoipment, the collaborative search request comprising another
portion of the information of the at least one channel,
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36. The method of claim 35, wherein the sending the collaborative search
request comprises sending the collaborative search request based at least partially on
battery power level information of at least one of the first user equipment, the second

user equipment or the third user equipment.

37. The method of claim 20, wherein the retrieving communication information
further comprises retricving battery power level information of the first user equipment
or the sccond user equipment, and wherein the method further comprises determyining
portions of a collaborative search for the first and second user equipment to perform
based at least in part on battery power level information of the first and sccond user

cquipment.

34 An first mobile apparatus for wirclessly compunicating with a second
mobile apparatus, the fivst mobile apparatus comprising:
means for retrieving communication information associated with
communicating on at least one channel of a wircless networlk;
means for establishing commumnications with the second maobile
apparatus via a conmunication link; and
means for providing at least a portion of the information to the

second user equipment via the communication link,

39, The first mobile apparatus of claim 38, further comprising:

means for receiving at least one collaborative search request from the
second user equipment via the commumication link, the at least one collaborative
search request identifying another portion of the at least one channel; and

means for searching for the another portion of the information via a

channel search module.

-

40. The first mobile apparatus of claim 338, further comprising:

means for receiving at least onc collaborative search request from a third
user equipment via another coromunication Huk, the at least one collaborative
scarch request identifying another portion of information of the at least one

channel; and
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means for providing the another portion of the information to the second

user equipment.
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