
Improved process for preparing cleaned surfaces of
strained silicon Field of the Invention The present
invention relates to cleaning layers of strained
silicon (sSi) denuded by selective etching of a layer
of silicon-germanium (SiGe) in contact with the sSi
layer, as used in the fabrication of sSOI (strained
silicon on insulator) or SGOI (silicon-germanium
(SiGe) on insulator) type wafers. Background Art A
number of techniques exist for preparing such wafers.
One example of one of the most effective current
techniques for fabricating sSOI or SGOI type wafers is
the production of an active layer of strained silicon
(sSi) or relaxed SiGe by transfer thereof onto an
insulating support (for example a layer of SiO2 on a
silicon substrate) using the Smart Cut(r) technique to
produce the desired heterostructure. Particular
examples of implementations of such fabrication
techniques are described in United States patent
application US 2004/053477 and International patent
application WO 2004/006311. The finishing step of such
wafers involves a selective etching procedure to
eliminate the SiGe layer subsisting above the silicon
layer after transfer thereof to the "receiver"
substrate and detachment from the "donor" substrate.
Selective etching is a chemical attack method which
can selectively eliminate the upper layer of SiGe
without attacking the next layer of strained silicon
(sSi). Compositions that have been found to be capable
of achieving such a "selective etch" include CH3COOH /
H2O2 / HF mixtures. After the "selective etch" step,
which removes the upper layer of SiGe, a cleaning step
may appropriately be used in order to reduce
particulate contamination and surface defects on the
surface of the strained silicon layer following
selective etching of the SiGe layer. The cleaning
composition must thus be chosen such as to enable
cleaning of the sSi surface while avoiding etching of
this strained silicon layer. This post-selective etch
cleaning step generally uses compositions containing
oxidants, but not containing hydrofluoric acid (HF). A
known method, termed "RCA", comprises: a first step of
cleaning using an "SCl" (Standard Clean 1) solution
(or APM, ammonium hydroxide peroxide mixture)
containing NH4OH, H2O2, and deionized water, and a
second cleaning step using an "SC2" (Standard Clean 2)
solution (or HPM, hydrochloric peroxide mixture)
containing HCI, H2O2, and deionized water.An
alternative treatment method proposed in United States
patent application US 2006/0264008 comprises a step of
cleaning the surface of the strained silicon layer
with an aqueous ozone solution, rather than using the
RCA cleaning procedure, following the step of
selective etching of the SiGe layer. The wafer
obtained by the process steps of 1) selective etching
of the SiGe layer, and 2) oxidative cleaning, may then
be used in subsequent semiconductor device 



manufacturing processes. Generally, the oxidative
cleaning step is followed by a step of rinsing with
deionized water. The wafer with an exposed sSi thus
obtained may be used in MOS transistors. Workers in
the semiconductor industry are in effect constantly
engaged in an effort to reduce the dimensions and
increase the speed of operation of integrated
circuits. Other parameters being equal, the operation
speed of a transistor is increased by increasing the
mobility of charge carriers, both electrons and
(positive) holes, and one way of achieving this is by
the use of strained silicon, wherein silicon, grown on
a silicon-germanium surface, is obliged to have more
broadly spaced atoms than in pure silicon. A doubling
of charge carrier mobility with respect to normal,
relaxed silicon can be observed. Concerning the
existing technology in this area, the present
inventors have found that the degree of defects as
measured by SOD (sum of defects) remains higher than
is desirable for the applications envisaged for the
wafers obtained. I n addition, the present inventors
have observed that the SiGe is not completely removed
by prior art processes. Instead, although SiGe is
completely removed in certain areas, other zones, in
effect "islands", of SiGe persist. It has been
observed that these islands may correspond to about
35% of the surface defects measured. Germanium atoms
from such islands may diffuse into and contaminate the
strained silicon layer. Further, these islands may
disturb subsequent fabrication steps, e.g. doping
steps. There therefore remains a need in the art to
produce sSi layers showing a minimum amount of surface
defects and a minimum amount of residual SiGe. Any
further cleaning processes other than prior art
processes of 1) selective etching of the SiGe layer,
and 2) oxidative cleaning, need however to be chosen
so as to minimize consumption of now exposed parts of
the sSi layer.Summary of the invention The present
inventors have now surprisingly found that it is
possible to achieve lower surface defects and reduced
residual SiGe by a process comprising a second
selective etch step, such that rinsing and drying
steps are inserted between a first and a second
selective etch steps. The present invention is thus
directed in a first aspect to a method of treating
wafers comprising at least one surface layer of
silicon-germanium (SiGe) and a layer of strained
silicon (sSi) in contact with the SiGe layer, the sSi
layer being exposed by etching of the SiGe layer, the
method comprising the steps of: (a) a first selective
etch of the SiGe layer, optionally followed by an
oxidative cleaning step; (b) a rinsing step using
deionized water; (c) drying; and 



(d) a second selective etch step. The present
invention is also directed in a second aspect to a
wafer which can in particular be obtained by the
method of the present invention. Detailed Description
of the Invention In one embodiment, in the method
according to the present invention, the first
selective etch step (a) is carried out with an etching
solution comprising a mixture of acetic acid
(CH3COOH), hydrogen peroxide (H2O2) and hydrofluoric
acid (HF). Generally appropriate process conditions
for use with such a selective etch solution during
first selective etch step (a) comprise a concentration
of hydrofluoric acid (HF) of at least 0.05 % and at
most 10 % by weight, about 2 % (1.5% to 2.5%) in a
currently preferred embodiment. In a first currently
preferred embodiment, an acetic acid / H2O2 / HF
mixture is used in proportions of 15/15/1 by volume,
corresponding to 49 % : 49 % : 2 % by weight. In a
second currently preferred embodiment, an acetic acid
/ H2O2 / HF mixture is used in proportions of 1/1/1 by
volume, corresponding to 32 wt% : 50 wt% : 18 wt%. A
generally appropriate temperature during the first
selective etch step is at least 2O0C and at most 600C,
and a generally appropriate duration of the first
selective etch step is at least 20 seconds and at most
500 seconds. I n addition, a wafer rotation rate in
the range 400 rpm to 2000 rpm may be appropriately
used.I n an alternative embodiment according to the
present invention, the first selective etch step (a)
is carried out using RCA solutions, first an SCl
solution and then an SC2 solution. The present
inventors have in effect observed that RCA solutions
here may be used for selective etching as well as for
oxidative cleaning. This procedure can also be applied
for the second selective etch step (d). I n a further
alternative embodiment, a mixture of acetic acid /
H2O2 / HF / H2SO4, in relative proportions of 15 / 15
/ 1 / 5 by volume, can be used for the first selective
etch step (a). Such a mixture can also be used for the
second selective etch step (d). I n one embodiment, in
the method according to the present invention, the
first selective etch step (a) is continued beyond the
point at which measurement shows, or theoretical
calculations by extrapolation predict, that SiGe has
been completely removed from (at least some regions
of) the now exposed sSi surface. This phase is
referred to as "over-etch" (OE), but does not
represent a distinct process step in the sense that
the reagents used are the same as in the first
selective etch step (a) - the "over-etch" is a
continuation beyond the moment of end-point detection
(EPD) corresponding to SiGe removal. A reflectometer
measuring the intensity of reflected light may be used
to detect the end point. Alternatively, if the ability
of a given selective etch solution at a certain
temperature to remove SiGe, as a thickness removed as
a function of time, has been 



precisely determined by previous experiments, the
end-point of the first selective etch step (a), which
is the instant in time at which the over-etch starts,
can be calculated with a reasonable degree of
certainty. An "over-etch", which is optional in the
present invention, may help to reduce possible
inhomogeneity arising from etching. The duration of
the "over-etch" is generally appropriately selected in
the range of Oseconds to at most 60 seconds. I n one
embodiment, in the method according to the present
invention, an oxidative cleaning step is carried out
after the first selective etch step (a), this
oxidative cleaning step using a solution of ozone (O3)
dissolved in water in a concentration in the range of
15 ppm to 50 ppm, at a temperature of 170C to 350C,
for a period of 5 s to 300 s. A currently preferred
treatment time for this oxidative cleaning step is
about 15 seconds. An appropriate wafer rotation rate
for this treatment with ozone lies in the range of 400
rpm to 2000 rpm. I n the case where an oxidative
cleaning step is indeed carried out after the first
selective etch step (a), for example using ozone, it
is believed, though this should not be construed as
limiting the invention, that the second selective
etching step not onlyremoves residual "islands" of
SiGe, but may also remove possible oxides of Si and Ge
present on the sSi surface. In the framework of the
method according to the present invention, the
deionized water (DIW) used in rinsing step (b) is of
standard quality for use in micro-electronics. A
generally appropriate duration of the rinsing step is
of at least 5 s and at most 3 minutes. A currently
preferred treatment time for this DIW rinsing step is
about 15 seconds, at a temperature of 150C t o 600C. A
generally appropriate wafer rotation rate for rinsing
step (b) is at least 400 rpm and at most 2000 rpm. In
one embodiment, in the method according to the present
invention, the drying of step (c) is carried out using
a flow of inert gas such as nitrogen or argon. The
purity and pressure conditions of the gas used are
appropriately chosen to have the usual parameters used
by skilled practitioners in microelectronics. I n an
appropriate embodiment, nitrogen gas is supplied using
a nozzle designed for drying the wafer after rinsing.
A currently preferred drying process involves drying
the wafer being treated in two scans (passes) using
nitrogen gas. In one embodiment, in the method
according to the present invention, the second
selective etch step (d) is carried out with an etching
solution comprising a mixture of acetic acid
(CH3COOH), hydrogen peroxide (H2O2) and hydrofluoric
acid (HF). A generally appropriate concentration of
hydrofluoric acid (HF) during the second selective
etch step (d) is at least 0.05 % and at most 10 % by
weight. A generally appropriate temperature during the
second selective etch step (d) is at least 2O0C and at
most 6O0C. 



Concerning the duration of the second selective etch
step (d), the preferred maximum duration is about 40
seconds. A currently preferred range, notably in the
context of an etching solution comprising a mixture of
acetic acid (CH3COOH), hydrogen peroxide (H2O2) and
hydrofluoric acid (HF), is at least 5 seconds and at
most 40 seconds. A further currently preferred
duration of step (d) in this context is of at least 10
seconds and at most 30 seconds, more preferably at
least 15 seconds and at most 25 seconds, and a
duration of about 20 seconds has been found to
particularly appropriate. In one embodiment, in the
method according to the present invention, the second
selective etch step (d) may be directly followed by a
rinsing step and then a drying step. Generally
appropriate process conditions are those described
above for the rinsing step (b) and the drying step (c)
that follow the first selective etch step (a). I n one
embodiment, in the method according to the present
invention, the second selective etch step (d) is
followed by a further oxidative cleaning step (e).
Oneappropriate process choice for this further
oxidative cleaning step (e) comprises the use of a
solution of ozone (O3) dissolved in water in a
concentration of at least 15 ppm and at most 50 ppm,
at a temperature of at least 170C and at most 350C,
for a period of at least 5 s and at most 300 s. In the
case where a second oxidative cleaning step is indeed
carried out after the second selective etch step (d),
for example using ozone, it is believed, though this
should not be construed as limiting the invention,
that the second oxidative cleaning may make the final
surface more hydrophilic through surface oxidation and
by this means inhibit contamination by particle
deposition. In one embodiment, in the method according
to the present invention, the further oxidative
cleaning step (e) may be followed by a rinsing step
and a drying step. Generally appropriate process
conditions are those described above for the rinsing
step (b) and the drying step (c) that follow the first
selective etch step (a). The present invention is also
directed in a second aspect to a wafer which can in
particular be obtained by the method of the present
invention. A wafer according to the present invention
preferably comprises at least one surface layer of
strained silicon (sSi), said surface layer of sSi
having a thickness of at least 5 nanometres and at
most 100 nanometres, preferably between 10 nanometres
and 30 nanometres, and preferably shows a sum of
defects (SOD) value SOD @0.40 mm of at most 200
defects per wafer. The SOD here is as determined as
described in US 2006/0264008 with a detection
threshold of 0.40 mm. The measurements can for example
be made with an SPlapparatus of KLA-Tencor. The
measurement comprises the detection of LPD (small
defects) and AP (larger defects). These different
groups of defects, distinguished by size, 



both include topological defects (holes, craters or
bumps) as well as particles (dust). SOD is a sum of
LPD and AP. It is possible to discern the qualitative
kind of the defects by Scanning Electron Microscope
measurement, where it has been detected by the present
inventors that 95% of the remaining defects (after the
second etching step) are topological defects of the
surface and 5% are due to particles. The SOD values
observed for wafers according to the present invention
represent a considerable improvement over those
observed for prior art wafers. The present inventors
have namely observed that typical values of SOD @ 0.40
m after the first, and in the conventional art
methods, only selective etch step, are in the region
of 4000 defectsper wafer. A reduction of SOD values by
a factor of about 15 or 20 times is thus made possible
by the present invention. I n a preferred embodiment,
wafers according to the present invention have a
diameter of about 200 millimetres or about 300
millimetres. In effect, wafers in the microelectronics
field are produced in these standard sizes. The
preferred maximum of 200 defects per wafer is
appropriate for both 200 mm and 300 mm wafers. Wafers
according to the present invention generally show a
surface roughness of at most 1 A rms for a scanning
surface of 2 mm x 2 mm. I n appropriate embodiments,
the defect density is less than 0.3 particles /cm2 for
a 300 mm wafer (a consequence of the 200 defects
limit) and 0.6 particles /cm 2 for the 200mm wafer.
Wafers according to the present invention generally
have a strained silicon on insulator (sSOI) structure.
The wafers are preferentially obtained by the
SmartCut(r) technology as previously mentioned,
whereby the stacking of sSi/SiGe is transferred from a
donor substrate to a receptor Si bulk substrate by
means of an oxide layer, Examples The following table
indicates treatment conditions that were tested in the
framework of the present invention. The treated wafers
were obtained by the Smart Cut(r) technique for
fabricating sSOI or SGOI type wafers, as described for
example in United States patent application US
2004/053477. Wafers used were silicon bulk wafers for
microelectronics use, available on the market as
"silicon of microelectronic quality" with 200mm or
300mm diameter which today are the two standard
sizes.SELECTIVELY ACQUIRED SYSTEM INFORMATION FIELD OF
THE INVENTION Embodiments of the present invention
relate generally to wireless communication technology
and, more particularly, relate to an apparatus, method
and a computer program product for facilitating
handover by obtaining and storing system information
from neighboring cells. BACKGROUND OF THE INVENTION
Current and future networking technologies continue to
facilitate ease of 



information transfer and convenience to users. In
order to provide easier or faster information transfer
and convenience, telecommunication industry service
providers are developing improvements to existing
networks. For example, the evolved universal mobile
telecommunications system (UMTS) terrestrial radio
access network (E-UTRAN) is currently being developed.
The E-UTRAN, which is also known as Long Term
Evolution (LTE) or 3.9G, is aimed at upgrading prior
technologies by improving efficiency, lowering costs,
improving services, making use of new spectrum
opportunities, and providing better integration with
other open standards. One advantage of E-UTRAN which
continues to be shared with other preceding
telecommunication standards is the fact that users are
enabled to access a network employing such standards
while remaining mobile. Thus, for example, users
having mobile terminals equipped to communicate in
accordance with such standards may travel vast
distances while maintaining communication with the
network. In this regard, it is currently common for an
access point or base station providing network
coverage for a particular area (or cell), to pass
offcommunication with a particular mobile terminal to
a neighboring base station when the user of the
particular mobile terminal exits the coverage area of
the base station or can otherwise be more effectively
served by the neighboring base station. This process
is often referred to as a handover. Despite the
evolution and improvement of telecommunication
networks, the process of handover may sometimes
consume more power from the mobile terminal than is
desired and/or may not be performed in the most
efficient manner. In this regard, one technique for
effectuating a handover process would be to permit a
mobile terminal to obtain system information from the
neighboring cells. Among other things, this system
information would provide information regarding the
availability of the neighboring base stations. In some
instances, for example, the neighboring base stations
may be barred and therefore unavailable as a handover
candidate since the neighboring base stations may be
dedicated to a private network. Additionally, the
system information may identify the network with which
the neighboring base station is affiliated so that it
may be determined if the neighboring base station is
in the home network of the mobile terminal or in a
visited network to which the mobile terminal may roam.
Although the system information may be obtained from
neighboring base stations in a variety of manners, one
technique that has been employed by the UMTS
terrestrial radio access network (UTRAN) gathers
system information differently depending upon whether
the mobile terminal is in the idle mode or the 



dedicated mode. Among other things, the techniques
employed in UTRAN in both the idle and dedicated modes
provide some limits upon the instances in which the
mobile terminal is required to read the system
information broadcast by the neighboring base stations
in order to limit the power of the mobile terminal
that is consumed in the course of reading the system
information. In this regard, the battery power
available to a mobile terminal is generally limited
such that limitations upon the power consumed by the
mobile terminal are generally advantageous. In the
idle mode, the base station that is currently serving
the mobile terminal may assist the mobile terminal in
selecting a neighboring base station to which the
mobile terminal is to be handed over. In this regard,
the serving basestation may provide the mobile
terminal with a list of neighboring base stations
along with various parameters used in a cell
reselection algorithm executed by the mobile terminal.
The mobile terminal may then measure and evaluate the
cell reselection algorithm based upon information
received from the serving base station. Prior to the
reselection, the mobile terminal then reads at least
some of the system information that is broadcast by
the selected neighboring base station, such as via a
broadcast channel (BCCH) in UTRAN, in order to prepare
for the reselection process. In instances in which
reselection occurs numerous times, however, the mobile
terminal may still be required to repeatedly read the
system information, thereby consuming more power than
is desired. For example, a mobile terminal may be
located in an overlapping area between two base
stations so that the cell supporting the mobile
terminal is repeatedly reselected so as to change from
one cell to the other cell and then back again. In
this instance, the mobile terminal will repeatedly be
required to read the system information broadcast by
the neighboring base station prior to a reselection
which may occur many times in an hour, for example. In
contrast, in a dedicated mode in UTRAN, the mobile
terminal is not required to read the system
information of any of the neighboring base stations
with the responsibility for identifying the
neighboring base stations being delegated, instead, to
the network serving the mobile terminal. While
reliance upon the network to identify and communicate
with the neighboring base station limits the power
consumption of the mobile terminal, this reliance upon
the network disadvantageous^ limits the mobility
procedures in the network. For example, since the
mobile terminal is not aware of the system information
relating to the neighboring base stations, the mobile
terminal may unnecessarily transmit measurement
reports from the neighboring cells to the serving base
station for at 



least some neighboring cells that may have access
restrictions, such as banned cells that are dedicated
to private networks or the like, and that do not
present realistic handover options, thereby
unnecessarily and undesirably increasing the signaling
load between the mobile terminal and the serving base
station. Additionally, a mobile terminal that is
roaming and is unaware of the system information of
the neighboring base stations will be unable to
identify a neighboring base station
thatT/IB2008/000677 belongs to the home network of the
mobile terminal and, as such, the handover of the
mobile terminal to the neighboring base station that
belongs to the home network of the mobile terminal may
be disadvantageously delayed. Further, a mobile
terminal that is unaware of the system information of
the neighboring base station may be unable or less
able to support network self-configuration and
selfoptimization procedures. In contrast to UTRAN, in
a dedicated mode in GSM EDGE Radio Access Network
(GERAN), the mobile terminal may read the system
information, but the operator is unable to define how
and how long the mobile terminal will retain the
system information. Accordingly, despite continued
efforts to improve telecommunications capabilities,
there may be an existing need to improve mobility
procedures, in the idle and/or dedicated modes, by
providing the mobile terminal with the requisite
system information for the neighboring base stations
in a manner that permits more efficient power
consumption by the mobile terminal. BRIEF SUMMARY OF
THE INVENTION A method, apparatus and computer program
product are therefore provided that improves handover
or reselection between base stations (which in E-UTRAN
are referred to as node-Bs). In one embodiment, a
method for facilitating handover or reselection is
provided in which a mobile terminal obtains at least
some system information from at least one neighboring
base station. According to this embodiment, the system
information is stored at the mobile terminal such that
the mobile terminal may thereafter participate in a
handover or reselection to a respective neighboring
base station at least partially based upon the stored
system information associated with the respective
neighboring base station. As such, the mobile terminal
may participate in the handover or reselection based
upon the stored system information without further
verification of the system information. In one
embodiment, the mobile terminal further determines if
one or more predefined validity criterion, such as a
validity criterion defined by rules that are
configured by the operator and established between the
mobile terminal and the network, is met with respect
to the stored system information. If the predefined 



validity criterion is not met for the system
information associated with a008/000677 neighboring
base station, the mobile terminal can then obtain
system information, e.g., updated system information,
from the neighboring base station. Accordingly, the
benefits associated with the mobile terminal being
aware of the system information associated with the
neighboring base stations can be enjoyed while
concurrently reducing, in many instances, the number
of times that the mobile terminal must read system
information broadcast by the neighboring base stations
so as to conserve the limited power available to the
mobile terminal. In another exemplary embodiment, a
computer program product for facilitating handover or
reselection is provided. The computer program product
may include at least one computer-readable storage
medium, such as a memory device of a mobile terminal,
having computer-readable program code portions stored
therein. The computer-readable program code portions
may include a first executable portion, a second
executable portion and a third executable portion. The
first executable portion may be for obtaining at least
some system information from at least one neighboring
base station. The second executable portion may be for
storing the system information at the mobile terminal,
while the third executable portion may be for
participating in a handover or reselection to a
respective neighboring base station at least partially
based upon the stored system information associated
with the respective neighboring base station,
typically without further verification of the system
information. In one embodiment, the computer-readable
program code portions further include a fourth
executable portion that may be for determining if one
or more predefined validity criterion, such as a
validity criterion defined by rules that are
configured by the operator and established between the
mobile terminal and the network, is met with respect
to the stored system information and, if not, may
cause the first executable portion to obtain system
information, e.g., updated system information, from
the neighboring base station. In another exemplary
embodiment, an apparatus for facilitating handover or
reselection is provided. The apparatus may include a
processing element configured to obtain at least some
system information from at least one neighboring base
station. The processing element is also configured to
store the system information at the mobile terminal
and to then participate in a handover orreselection to
a respective neighboring base station at least
partially based upon the stored system information
associated with the respective neighboring base
station, typically without further verification of the
system information. In an exemplary embodiment, the
processing element may be further configured to
determine if one 



or more predefined validity criterion, such as a
validity criterion defined by rules that are
configured by the operator and established between the
mobile terminal and the network, is met with respect
to the stored system information and, if not, to
obtain system information, e.g., updated system
information, from the neighboring base station. BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
Having thus described the invention in general terms,
reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale,
and wherein: FIG. 1 is a schematic block diagram of a
mobile terminal according to an exemplary embodiment
of the present invention; FIG. 2 is a schematic block
diagram of a wireless communications system according
to an exemplary embodiment of the present invention;
FIG. 3 is a schematic diagram showing a portion of an
E-UTRAN according to an exemplary embodiment of the
present invention; FIG. 4 is a schematic diagram
illustrating a signal sequence re-use distance; FIG. 5
is a flowchart according to an exemplary method of
obtaining and storing system information from a
plurality of neighboring base stations according to an
exemplary embodiment of the present invention; and
FIG. 6 is a flowchart according to an exemplary method
of facilitating handover according to an exemplary
embodiment of the present invention. DETAILED
DESCRIPTION OF THE INVENTION Embodiments of the
present invention will now be described more fully
hereinafter with reference to the accompanying
drawings, in which some, but not all embodiments of
the invention are shown. Indeed, the invention may be
embodied in many different forms and should not be
construed as limited to the -6-008/000677 embodiments
set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy
applicable legal requirements. Like reference numerals
refer to like elements throughout. FIG. 1 illustrates
a block diagram of a mobile terminal 10 that would
benefit from embodiments of the present invention. It
should be understood, however, that a mobile telephone
as illustrated and hereinafter described is merely
illustrative of one type of mobile terminal that would
benefit from embodiments of the present invention and,
therefore, should not be taken to limit the scope of
embodiments of the present invention. While one
embodiment of the mobile 



terminal 10 is illustrated and will be hereinafter
described for purposes of example, other types of
mobile terminals, such as portable digital assistants
(PDAs) pagers, mobile computers, mobile televisions,
gaming devices, laptop computers, cameras, video
recorders, GPS devices and other types of voice and
text communications systems, can readily employ
embodiments of the present invention. Furthermore,
devices that are not mobile may also readily employ
embodiments of the present invention. The system and
method of embodiments of the present invention will be
primarily described below in conjunction with mobile
communications applications. However, it should be
understood that the system and method of embodiments
of the present invention can be utilized in
conjunction with a variety of other applications, both
in the mobile communications industries and outside of
the mobile communications industries. The mobile
terminal 10 includes an antenna 12 (or multiple
antennae) in operable communication with a transmitter
14 and a receiver 16. The mobile terminal 10 further
includes a controller 20 or other processing element
that provides signals to and receives signals from the
transmitter 14 and receiver 16, respectively. The
signals include signaling information in accordance
with the air interface standard of the applicable
cellular system, and also user speech, received data
and/or user generated data. In this regard, the mobile
terminal 10 is capable of operating with one or more
air interface standards, communication protocols,
modulation types, and access types. By way of
illustration, the mobile terminal 10 is capable of
operating in accordance with any of a number of first,
second, thirdand/or fourth-generation communication
protocols or the like. For example, the mobile
terminal 10 may be capable of operating in accordance
with secondgeneration (2G) wireless communication
protocols IS-136 (TDMA), GSM, and IS- 95 (CDMA), or
with third-generation (3G) wireless communication
protocols, such as UMTS, CDMA2000, WCDMA and TD-SCDMA,
LTE or E-UTRAN, with fourth-generation (4G) wireless
communication protocols or the like. It is understood
that the controller 20 includes circuitry desirable
for implementing audio and logic functions of the
mobile terminal 10. For example, the controller 20 may
be comprised of a digital signal processor device, a
microprocessor device, and various analog to digital
converters, digital to analog converters, and other
support circuits. Control and signal processing
functions of the mobile terminal 10 are allocated
between these devices according to their respective
capabilities. The controller 20 thus may also include
the functionality to convolutionally encode and
interleave message and data prior to modulation and 



transmission. The controller 20 can additionally
include an internal voice coder, and may include an
internal data modem. Further, the controller 20 may
include functionality to operate one or more software
programs, which may be stored in memory. For example,
the controller 20 may be capable of operating a
connectivity program, such as a conventional Web
browser. The connectivity program may then allow the
mobile terminal 10 to transmit and receive Web
content, such as location-based content and/or other
web page content, according to a Wireless Application
Protocol (WAP), Hypertext Transfer Protocol (HTTP)
and/or the like, for example. The mobile terminal 10
may also comprise a user interface including an output
device such as a conventional earphone or speaker 24,
a ringer 22, a microphone 26, a display 28, and a user
input interface, all of which are coupled to the
controller 20. The user input interface, which allows
the mobile terminal 10 to receive data, may include
any of a number of devices allowing the mobile
terminal 10 to receive data, such as a keypad 30, a
touch display (not shown) or other input device. In
embodiments including the keypad 30, the keypad 30 may
include the conventional numeric (0-9) and related
keys (#, *), and other keys used for operating the
mobile terminal 10. Alternatively, the keypad 30 may
include aconventional QWERTY keypad arrangement. The
keypad 30 may also include various soft keys with
associated functions. In addition, or alternatively,
the mobile terminal 10 may include an interface device
such as a joystick or other user input interface. The
mobile terminal 10 further includes a battery 34, such
as a vibrating battery pack, for powering various
circuits that are required to operate the mobile
terminal 10, as well as optionally providing
mechanical vibration as a detectable output. The
mobile terminal 10 may further include a user identity
module (UIM) 38. The UIM 38 is typically a memory
device having a processor built in. The UIM 38 may
include, for example, a subscriber identity module
(SIM), a universal integrated circuit card (UICC), a
universal subscriber identity module (USIM), a
removable user identity module (R-UIM), etc. The UIM
38 typically stores information elements related to a
mobile subscriber. In addition to the UIM 38, the
mobile terminal 10 may be equipped with memory. For
example, the mobile terminal 10 may include volatile
memory 40, such as volatile Random Access Memory (RAM)
including a cache area for the temporary storage of
data. The mobile terminal 10 may also include other
non-volatile memory 42, which can be embedded and/or
may be removable. The non-volatile memory 42 can
additionally or alternatively comprise an EEPROM,
flash memory or the like. The 



memories can store any of a number of pieces of
information, and data, used by the mobile terminal 10
to implement the functions of the mobile terminal 10.
For example, the memories can include an identifier,
such as an international mobile equipment
identification (IMEI) code, capable of uniquely
identifying the mobile terminal 10. Referring now to
FIG. 2, a schematic block diagram of one type of
wireless communications system that would benefit from
embodiments of the present invention is provided. The
system includes a plurality of network devices. As
shown, one or more mobile terminals 10 may each
include an antenna 12 for transmitting signals to and
for receiving signals from a base site or base station
(BS) 44. While a BS may be comprised of one or more
cells, reference herein to a BS generically refers to
both a BS and a cell of the BS. The base station 44
may be a part of one or more cellular or mobile
networks each of which includeselements required to
operate the network, such as a mobile switching center
(MSC) 46. As well known to those skilled in the art,
the mobile network may also be referred to as a Base
Station/MSC/Interworking function (BMI). In operation,
the MSC 46 is capable of routing calls to and from the
mobile terminal 10 when the mobile terminal 10 is
making and receiving calls. The MSC 46 can also
provide a connection to landline trunks when the
mobile terminal 10 is involved in a call. In addition,
the MSC 46 can be capable of controlling the
forwarding of messages to and from the mobile terminal
10, and can also control the forwarding of messages
for the mobile terminal 10 to and from a messaging
center. It should be noted that although the MSC 46 is
shown in the system of FIG. 2, the MSC 46 is merely an
exemplary network device and embodiments of the
present invention are not limited to use in a network
employing an MSC. The MSC 46 can be coupled to a data
network, such as a local area network (LAN), a
metropolitan area network (MAN), and/or a wide area
network (WAN). The MSC 46 can be directly coupled to
the data network. In one typical embodiment, however,
the MSC 46 is coupled to a gateway device (GTW) 48,
and the GTW 48 is coupled to a WAN, such as the
Internet 50. In turn, devices such as processing
elements (e.g., personal computers, server computers
or the like) can be coupled to the mobile terminal 10
via the Internet 50. For example, as explained below,
the processing elements can include one or more
processing elements associated with a computing system
52 (two shown in FIG. 2), origin server 54 (one shown
in FIG. 2) or the like, as described below. The BS 44
can also be coupled to a serving GPRS (General Packet
Radio Service) support node (SGSN) 56. As known to
those skilled in the art, the SGSN 



56 is typically capable of performing functions
similar to the MSC 46 for packet switched services.
The SGSN 56, like the MSC 46, can be coupled to a data
network, such as the Internet 50. The SGSN 56 can be
directly coupled to the data network. In a more
typical embodiment, however, the SGSN 56 is coupled to
a packet-switched core network, such as a GPRS core
network 58. The packetswitched core network is then
coupled to another GTW 48, such as a gateway GPRS
support node (GGSN) 60, and the GGSN 60 is coupled to
the Internet 50. In addition to the GGSN 60, the
packet-switched core network can also be coupledto a
GTW 48. Also, the GGSN 60 can be coupled to a
messaging center. In this regard, the GGSN 60 and the
SGSN 56, like the MSC 46, may be capable of
controlling the forwarding of messages, such as MMS
messages. The GGSN 60 and SGSN 56 may also be capable
of controlling the forwarding of messages for the
mobile terminal 10 to and from the messaging center.
In addition, by coupling the SGSN 56 to the GPRS core
network 58 and the GGSN 60, devices such as a
computing system 52 and/or origin server 54 may be
coupled to the mobile terminal 10 via the Internet 50,
SGSN 56 and GGSN 60. In this regard, devices such as
the computing system 52 and/or origin server 54 may
communicate with the mobile terminal 10 across the
SGSN 56, GPRS core network 58 and the GGSN 60. By
directly or indirectly connecting mobile terminals 10
and the other devices (e.g., computing system 52,
origin server 54, etc.) to the Internet 50, the mobile
terminals 10 may communicate with the other devices
and with one another, such as according to the
Hypertext Transfer Protocol (HTTP) and/or the like, to
thereby carry out various functions of the mobile
terminals 10. Although not every element of every
possible mobile network is shown and described herein,
it should be appreciated that the mobile terminal 10
may be coupled to one or more of any of a number of
different networks through the BS 44. In this regard,
the network(s) may be capable of supporting
communication in accordance with any one or more of a
number of first-generation (IG), secondgeneration
(2G), 2.5G, third-generation (3G), 3.9G,
fourth-generation (4G) mobile communication protocols
or the like. For example, one or more of the
network(s) can be capable of supporting communication
in accordance with 2G wireless communication protocols
IS-136 (TDMA), GSM, and IS-95 (CDMA). Also, for
example, one or more of the network(s) can be capable
of supporting communication in accordance with 2.5G
wireless communication protocols GPRS, Enhanced Data
GSM Environment (EDGE), or the like. Further, for
example, one or more of the network(s) can be capable
of supporting communication in 



accordance with 3G wireless communication protocols
such as E-UTRAN or a Universal Mobile Telephone System
(UMTS) network employing Wideband Code Division
Multiple Access (WCDMA) radio access technology. Some
narrow-bandAMPS (NAMPS), as well as TAGS, network(s)
may also benefit from embodiments of the present
invention, as should dual or higher mode mobile
terminals (e.g., digital/analog or TDMA/CDMA/analog
phones). The mobile terminal 10 can further be coupled
to one or more wireless access points (APs) 62. The
APs 62 may comprise access points configured to
communicate with the mobile terminal 10 in accordance
with techniques such as, for example, radio frequency
(RF), infrared (IrDA) or any of a number of different
wireless networking techniques, including wireless LAN
(WLAN) techniques such as IEEE 802.1 1 (e.g., 802.11a,
802.1 1b, 802.1 Ig, 802.1 In, etc.), WiMAX techniques
such as IEEE 802.16, and/or wireless Personal Area
Network (WPAN) techniques such as IEEE 802.15,
BlueTooth (BT), ultra wideband (UWB) and/or the like.
The APs 62 may be coupled to the Internet 50. Like
with the MSC 46, the APs 62 can be directly coupled to
the Internet 50. In one embodiment, however, the APs
62 are indirectly coupled to the Internet 50 via a GTW
48. Furthermore, in one embodiment, the BS 44 may be
considered as another AP 62. As will be appreciated,
by directly or indirectly connecting the mobile
terminals 10 and the computing system 52, the origin
server 54, and/or any of a number of other devices, to
the Internet 50, the mobile terminals 10 can
communicate with one another, the computing system,
etc., to thereby carry out various functions of the
mobile terminals 10, such as to transmit data, content
or the like to, and/or receive content, data or the
like from, the computing system 52. As used herein,
the terms "data," "content," "information" and similar
terms may be used interchangeably to refer to data
capable of being transmitted, received and/or stored
in accordance with embodiments of the present
invention. Thus, use of any such terms should not be
taken to limit the spirit and scope of embodiments of
the present invention. Although not shown in FIG. 2,
in addition to or in lieu of coupling the mobile
terminal 10 to computing systems 52 across the
Internet 50, the mobile terminal 10 and computing
system 52 may be coupled to one another and
communicate in accordance with, for example, RF, BT,
IrDA or any of a number of different wireline or
wireless communication techniques, including LAN,
WLAN, WiMAX, UWB techniques and/or the like. One or
more of the computing systems 52 can additionally, or
alternatively, include a removable memory capableof
storing content, which can thereafter be transferred
to the mobile terminal 10. Further, the mobile
terminal 10 can be coupled to one or more electronic
devices, such as printers, digital projectors and/or
other multimedia capturing, producing 



and/or storing devices (e.g., other terminals). Like
with the computing systems 52, the mobile terminal 10
may be configured to communicate with the portable
electronic devices in accordance with techniques such
as, for example, RF, BT, IrDA or any of a number of
different wireline or wireless communication
techniques, including USB, LAN, WLAN, WiMAX, UWB
techniques and/or the like. In an exemplary
embodiment, content or data may be communicated over
the system of FIG. 2 between a mobile terminal, which
may be similar to the mobile terminal 10 of FIG. 1 and
a network device of the system of FIG. 2 in order to
execute applications for establishing communication
between the mobile terminal 10 and other mobile
terminals, for example, via the system of FIG. 2. As
such, it should be understood that the system of FIG.
2 need not be employed for communication between
mobile terminals or between a network device and the
mobile terminal, but rather FIG. 2 is merely provided
for purposes of example. An exemplary embodiment of
the invention will now be described with reference to
FIG. 3, in which certain elements of a system for
facilitating handover or reselection are presented. In
this regard, it is noted that while handover occurs in
the dedicated mode and reselection occurs in the idle
mode, the terms "handover" and "reselection" may be
used interchangeably herein to describe either or both
handover and reselection processes as embodiments of
the present invention may apply in both the idle and
dedicated modes. The system of FIG. 3 represents a
specific embodiment of a network such as the general
network displayed in FIG. 2, except that FIG. 3
represents a general block diagram of an EUTRAN. As
such, in connection with FIG. 3, user equipment (UE)
70 may be exemplary of one embodiment of the mobile
terminal 10 of FIG. 1 and source node-B 72 and target
node-B 74 may be exemplary of embodiments of either
the BS 44 or AP 62 of FIG. 2. However, it should be
noted that the system of FIG. 3, may also be employed
in connection with a variety of other devices, both
mobile and fixed, and therefore, embodiments of the
present invention should not belimited to application
on devices such as the mobile terminal 10 of FIG. 1 or
the network devices of FIG. 2. Referring now to FIG.
3, the system includes an E-UTRAN 76 which may
include, among other things, a plurality of node-Bs in
communication with an evolved packet core (EPC) 78
which may include one or more mobility management
entities (MMEs) and one or more system architecture
evolution (SAE) gateways. The node-Bs (including
source node-B 72 and target node-B 74) may be evolved
node-Bs (e.g., eNBs) and may also be in communication
with the 



UE 70 and other UEs. The node-Bs may provide E-UTRA
user plane and control plane (radio resource control
(RRC)) protocol terminations for the UE 70. The
node-Bs may provide functionality hosting for such
functions as radio resource management, radio bearer
control, radio admission control, connection mobility
control, dynamic allocation of resources to UEs in
both uplink and downlink, selection of an MME at UE
attachment, IP header compression and encryption,
scheduling of paging and broadcast information,
routing of data, measurement and measurement reporting
for configuration mobility, and the like. The MME may
host functions such as distribution of messages to
respective node-Bs, security control, idle state
mobility control, SAE bearer control, ciphering and
integrity protection of NAS signaling, and the like.
The SAE gateway may host functions such as termination
and switching of certain packets for paging and
support of UE mobility. In an exemplary embodiment,
the EPC 78 may provide connection to a network such as
the Internet. As shown in FIG. 3, the node-Bs may each
include a processing element 80 configured to execute
functions associated with each corresponding node-B.
Such functions could be, for example, associated with
stored instructions which when executed by the
processing element 80 carry out the corresponding
functions associated with the instructions. A
processing element such as those described above may
be embodied in many ways. For example, the processing
element 80 may be embodied as a processor, a
coprocessor, a controller or various other processing
means or devices including integrated circuits such
as, for example, an ASIC (application specific
integrated circuit).In a wireless communication
system, such as of the type depicted generally in FIG.
2 and more specifically in FIG. 3, the base stations
44 may broadcast system information, such as via the
downlink shared channel (DL-SCH) or the BCCH. In an
E-UTRAN5for example, the base stations 72, 74 may
broadcast system information in various scheduling
units (SU), such as SU-I, SU-2, etc. (hereinafter
generically referenced as SU-X). SU-I is generally the
most frequently broadcast scheduling unit and may
include the identity of one or more public land mobile
networks (PLMN), a tracking area code, a cell
identity, a cell barring status, scheduling
information of the other scheduling units, i.e.,
scheduling units other than the SU-I, and system
information block (SIB) mapping information, i.e., an
indication as to which scheduling units include which
SIBs. In this regard, a SU as used herein may simply
be an SIB. As will be noted, the system information
included in the SU-I includes, among other things,
availability 



information including access restrictions and access
privileges, such as information indicating which cells
are barred or restricted, such as by being dedicated
to a private network, as well as information relating
to the PLMN identities that permit base stations
associated with the home network of a mobile terminal
10 to be distinguished from base stations associated
with visited networks. In addition to broadcasting the
system information, such as that provided via the
scheduling units, base stations also broadcast a
reference signal sequence and other fundamental
information, typically via the packet broadcast
channel (P-BCCH), that permit the base stations to be
identified by the mobile terminals. In operation, a
mobile terminal 10 reads at least some of the
information broadcast by the neighboring base stations
44. In this regard, a neighboring base station is
generally considered a base station whose broadcast is
detected by the mobile terminal regardless of whether
or not the base station is included in a neighboring
cell list. By way of example, the mobile terminal
initially reads the reference signal sequence and/or
other information broadcast by the base stations that
identify the respective base stations. In an
embodiment employing a mobile terminal of the type
depicted in FIG. 1, for example, the controller 20
generally directs the receiver 16 to receive the
information broadcast by the neighboring base
stations. Based upon the identity of a base station,
the mobile terminal and, moretypically, the controller
of the mobile terminal determines if the system
information of the base station should be read. In
this regard, if the mobile terminal determines that
the system information of the base station has not
previously been read and stored by the mobile terminal
or, even if previously read and stored, is no longer
valid, the mobile terminal may read additional system
information broadcast by the base station. In one
embodiment, the mobile terminal also insures that the
base station is a viable reselection candidate for
which predefined cell reselection criteria are met
prior to reading the additional system information to
avoid expending the resources to read information that
proves to be of no value. In this regard, the mobile
terminal 10 reads at least a portion of the system
information, such as the system information included
in SU-I, broadcast by the neighboring base station 44
that has been identified by the mobile terminal. The
mobile terminal then stores at least a portion of the
system information that has been broadcast by the
neighboring base station and read by the mobile
terminal. For example, in an embodiment employing a
mobile terminal of the type depicted in FIG. 1, the
controller 20 generally directs the receiver 16 to
receive the system information broadcast by the
neighboring base station and thereafter stores at
least 



a portion, if not all, of the system information in
memory, such as volatile memory 40. In this regard,
the mobile terminal generally stores the system
information in such a way that the system information
remains associated with the respective base station,
such as by storing not only the system information but
also an identification of the respective base station.
In one embodiment, the mobile terminal is further
configured to compress at least some of the system
information that is stored in order to conserve memory
based upon, for example, information, such as the
tracking area (TA), PLMN, etc., that is common to a
plurality of neighboring base stations. According to
embodiments of the present invention, in instances in
which the mobile terminal 10 identifies a broadcast by
a neighboring base station 44 for which the mobile
terminal already has system information stored in
memory 40, the mobile terminal need not read the
system information of the neighboring base station,
but can, instead, generally continue to utilize the
stored systeminformation, subject to the further
consideration of predefined validity criteria in at
least some embodiments as described below. In
particular, in response to a broadcast by a
neighboring base station that is received by the
receiver 16 of the mobile terminal, the controller 20
determines an identity of the neighboring base station
and then determines if system information for a base
station having the same identity has already been
stored in memory. If so, the controller does not read
the system information broadcast by the neighboring
base station. If, however, the controller determines
that the system information associated with the
neighboring base station has not been previously
stored in memory (or, even if previously stored in
memory, is no longer valid), the controller directs
the receiver to read the system information for the
neighboring base station and then stores the system
information of the neighboring base station along with
an identification of the respective base station in
memory. In instances, such as shown in the embodiment
of FIG. 3, in which a serving base station 72
determines that the mobile terminal, e.g., user
equipment 70, while in a dedicated mode should be
handed over to a neighboring base station 74, the
serving base station can advise the mobile terminal of
the upcoming handover including the identity of the
neighboring base station to which the mobile terminal
is being handed over. The controller 20 of the mobile
terminal then determines if system information for the
neighboring base station to which the mobile terminal
is being handed over is stored in memory 40 (and is
still valid as described below in conjunction with
some embodiments), If so, the mobile terminal utilizes
the system information for the neighboring base
station that has 



been stored in memory to prepare for and to effectuate
the handover process including subsequent
communications with the neighboring base station. As
such, in instances in which the system information for
the neighboring base station to which the mobile
terminal is to be handed over is stored in memory
(and, in one embodiment, is also determined to be
valid), the mobile terminal need not read the system
information broadcast by the neighboring base station
in order to verify the system information prior to
handover, but instead relies upon the previously
stored system information. In contrast, if the
controller determines that the system information for
the neighboring base station to which the mobile
terminal is to behanded over has not been previously
stored in memory (or, in one embodiment, is no longer
valid even if the system information has been
previously stored in memory), the controller does
direct the receiver 16 to read the system information
broadcast by the neighboring base station in order to
obtain and verify the system information of the
neighboring base station in order to prepare for and
effectuate the handover. By relying upon the stored
system information to effectuate a handover instead of
reading the system information broadcast by the
neighboring base station 44 following notification of
the handover process, the power consumption of the
mobile terminal 10 may be reduced and the signaling
load of the mobile terminal may be similarly reduced
in certain circumstances. For example, it has been
estimated that at least 60% of the users of mobile
terminals access the network while remaining
stationary during the communication session.
Additionally, the number of mobile terminals that
operate in a stationary or semistationary fashion is
expected to increase as applications supporting the
use of mobile terminals in indoor scenarios increase
and as the number of Internet accessible
table-supported devices and the number of other static
devices utilizing cellular communication, such as,
point-of-sale (POS) devices, increase. In these
situations, a mobile terminal will typically be
surrounded by and in communication with only a few
base stations that remain largely the same over time.
By storing and re-using the system information for the
neighboring base stations, the number of instances
that the mobile terminal must read the system
information of the neighboring base stations may
generally be reduced relative to conventional
approaches, such as conventional approaches in which
the system information is read for verification
purposes prior to each handover. In one example,
consider a mobile terminal, e.g., user equipment 70,
in the idle mode that is utilized by a user to access
services through an E-UTRAN as shown, for example, in
FIG. 3 from his/her desk. In instances in which the
mobile 



terminal at the user's desk is located in an
overlapping area of coverage between base stations 72,
74, ping-pong problems may be unavoidable.
Conventionally, the system information would be read
by the mobile terminal prior to each reselection of
the mobile terminal from one base station to the other
base station while in theT/IB2008/000677 idle mode.
Since this reselection could occur many times during a
day where the mobile terminal is handed back and forth
between the same two overlapping base stations, the
system information for the base station would have to
be repeatedly read by the mobile terminal. In
accordance with an embodiment to the present
invention, however, the system information, such as
the SU-I information in EUTRAN, is read by the mobile
terminal for each base station and is stored in the
memory of the mobile terminal. The mobile terminal can
then obtain the system information from memory prior
to each handover, thereby re-using the same system
information to effectuate the handover processes
between the two base stations without having to again
read the system information from either base station.
In another application, a user of a mobile terminal,
e.g., user equipment 70, in the idle mode may be
somewhat mobile, but the mobility may be restricted to
a predefined area during a certain time, such as
within a home, within a commercial center, an office
building or the like. In this instance, a mobile
terminal may move through only a small number of
different cells, such as the cells supported by four
different base stations. As described above,
conventional approaches may require the mobile
terminal to read the system information prior to each
reselection process, thereby requiring the system
information to be read a number of times. In contrast,
an embodiment of the present invention permits the
mobile terminal to read the system information, such
as that included in the SU-I in E-UTRAN, for each of
the four base stations and to store the system
information. The mobile terminal can thereafter rely
upon the stored system information during subsequent
reselection processes without again reading the system
information. For purposes of example, in instances in
which the mobile terminal is subjected to 60
reselections between four base stations in an hour,
conventional approaches requiring a mobile terminal to
read the system information prior to each reselection
would require that the system information be read 60
times per hour, while a mobile terminal according to
an embodiment of the present invention would only
require the mobile terminal to read the system
information on four occasions, i.e., once for each
base station, since the same system information can be
re-used during subsequent reselection processes.0677 



In order to avoid stale or outdated system information
being utilized to support subsequent handover
processes, the mobile terminal 10 and, in particular,
the controller 20 of the mobile terminal of one
embodiment of the present invention may be configured
to evaluate the system information for a respective
base station 44 in accordance with a predefined
validity criteria and to only utilize the stored
system information if the stored system information
meets or satisfies the predefined validity criteria.
In instances in which the stored system information
does not meet the predefined validity criteria, the
system information for the respective neighboring cell
would be read again by the mobile terminal and stored
by the mobile terminal in memory 40, thereby
effectively updating the system information for the
respective base station. The mobile terminal 10 can
determine if the stored system information satisfies
the predefined validity criteria at one or more steps
of the overall process. For example, in response to
receiving information, such as a reference signal
sequence, broadcast by and identifying a neighboring
base station 44, the mobile terminal can determine if
system information for the respective base station is
already stored in memory as described above. If the
mobile terminal does determine that the system
information is already stored in memory for the
respective base station, the mobile terminal can then
determine if the stored system information satisfies
the predefined validity criteria. If the stored system
information satisfies the predefined validity
criteria, the mobile terminal need not read the system
information for the respective base station. However,
if the stored system information fails to satisfy the
predefined validity criteria, the mobile terminal will
again read and store the system information for the
respective base station. Additionally or
alternatively, the mobile terminal 10 can determine if
the stored system information satisfies the predefined
validity criteria following a decision to handover the
mobile terminal to a neighboring base station 44. In
this regard, the mobile terminal can determine if
system information for the respective base station is
already stored in memory as described above. If the
mobile terminal does determine that the system
information is already stored in memory for the
respective base station, the mobile terminal can then
determine if the stored systeminformation satisfies
the predefined validity criteria. If the stored system
information satisfies the predefined validity
criteria, the mobile terminal need not read the system
information for the respective base station and can,
instead, utilize the stored system information to
effectuate the handover or reselection. However, if
the stored system information fails to satisfy the
predefined validity criteria, the 



mobile terminal will again read and store the system
information for the respective base station prior to
handover or reselection. A variety of different
predefined validity criteria can be utilized.
Typically, the predefined validity criteria as well as
the other rules governing the manner in which the
mobile terminal reads and utilizes/stores the system
information that have been described above are defined
or configured by the operator and imposed upon or
otherwise established between both the mobile terminal
10 and the network such that one aspect of the present
invention relates to the network-side or operator
configuration of the rules and other criteria and
another aspect of the present invention relates to the
utilization of those rules and other criteria by the
mobile terminal. For example, the predefined validity
criteria may be a maximum time that has elapsed since
the stored system information was read by the mobile
terminal 10 or stored by the mobile terminal. As such,
stored system information that is old, i.e., was read
by the mobile terminal or stored by the mobile
terminal more than the maximum time ago, will not be
used and will be required to be re read by the mobile
terminal. Alternatively, the predefined validity
criteria can be a maximum number of handovers or
reselections of the mobile terminal that have occurred
since the reading or storage of the system information
by the mobile terminal. As such, if the mobile
terminal has been handed over more than a predefined
maximum number of times since the system information
has been read by or stored by the mobile terminal, the
stored system information will not be used and,
instead, the mobile terminal will be required to again
read the system information for the respective
neighboring base station. While two examples of
predefined validity criteria are provided, a wide
variety of other predefined validity criteria may be
utilized including combinations of the foregoing
examples of predefined validity criteria.While the
neighboring base stations may be identified in various
manners as described above, the methods, apparatus and
computer program products of embodiments of the
present invention advantageously identify the base
stations in a unique fashion so as to avoid confusion
between two base stations 44 that are identified in a
common manner. In this regard, mobile terminal 10 of
embodiments of the present invention may utilize the
reference signal sequence of a base station 44 to
identify the base station. In one example, there are
512 unique reference signals sequences capable of
identifying 512 base stations in E-UTRAN. While
reliance upon the reference signal sequence and its
capacity to uniquely identify 512 base stations is
typically acceptable, there may be instances in which
two or more base stations are identified by a common
reference signal sequence, 



such as shown in FIG. 4 in which the base stations
defining both Cell A and Cell B are defined by the
same reference signal sequence designated Pl . In this
instance, the mobile terminal may identify the base
stations by other forms of identification or various
combinations of identifiers in order to ensure or at
least increase the likelihood of uniquely identifying
each base station for which the mobile terminal stores
system information. In this regard, the methods,
apparatus and computer program products of embodiments
of the present invention may also take into account
the signal sequence re-use distance designated d in
FIG. 4 such that the stored system information is
updated in instances in which the mobile terminal 10
has traveled a distance approaching or approximating
the re-use distance since originally storing the
system information. In this regard, a proxy for the
distance by which the mobile terminal has moved and,
in turn, its comparison to the signal sequence re use
distance may be provided by the predefined validity
criteria, such as a maximum time and/or a maximum
number of handovers, that must be satisfied or else
the mobile terminal will be required to read and again
store updated system information. For example, a
smaller value for the maximum time and a smaller
number for the maximum number of handovers generally
provide more security that the mobile terminal will
not have traveled the signal sequence re-use distance
so as encounter another base station that utilizes the
same reference signalsequence as a base station for
which system information has previously been stored by
the mobile terminal. The various parameters that may
be utilized for the predefined validity criteria may
therefore be established by an operator based upon a
variety of factors including the network topology,
anticipated mobility of the mobile terminal, signal
sequence re-use distance, anticipated usage of the
mobile terminal outdoors or indoors, etc. For example,
in instances in which the mobile terminal 10 is
anticipated to be utilized in a rural area and to
experience relatively low mobility, such as by
generally being utilized indoors, the maximum time
and/or the maximum number of handovers may be set to
relatively larger values. In another example, in
instances in which the mobile terminal is expected to
be utilized in an area having relatively small signal
sequence re-use distances, the maximum time and/or the
maximum number of handovers is generally set to a
smaller value to avoid or at least reduce the
possibility of confusion between base stations having
the same radio signal sequence. Still further, in
instances in which the mobile terminal is expected to
be utilized in environments that may have relatively
high interference or high pollutions levels, the
operator may disable the capability of the 



mobile terminal to store and re-use system information
and may, instead, utilize a more conventional
approach, such as those described above. In addition
to conserving the power available to the mobile
terminal 10, the methods, apparatus and computer
program products of embodiments of the present
invention may also advantageously reduce the data
interruption times for the serving base station when
the neighboring base stations are not intra-frequency
neighboring base stations and the mobile terminal
needs to have a discontinuous transmission
(DTX)/discontinuous reception (DRX) idle period for
reading the scheduling information, such as the SU-I,
of the neighboring base station. Additionally, the
methods, apparatus and computer program products of
embodiments of the present invention may
advantageously reduce the signaling load between the
mobile terminal and the serving base station since the
mobile terminal and, in particular, the controller 20
of the mobile terminal may be configured to not report
the scheduling information associated with neighboring
base stations that the mobile terminal has read, but
that are unavailable forhandover purposes, such as
banned cells. Further, the methods, apparatus and
computer program products of embodiments of the
present invention may increase the success rate during
handover or redirection since the accessibility or
availability of the neighboring base station to which
the mobile terminal is being handed over is known
prior to the handover or redirection. Still further,
the methods, apparatus and computer program product of
embodiments of the present invention may improve
mobility as the mobile terminal may be able to more
quickly identify neighboring base stations that are
included in the home network of the mobile terminal
and facilitate a more rapid handover to the base
station of the home network in instances in which the
mobile terminal is otherwise roaming. FIGS. 5 and 6
are flowcharts of a system, method and program product
according to exemplary embodiments of the invention.
It will be understood that each block or step of the
flowcharts, and combinations of blocks in the
flowcharts, can be implemented by various means, such
as hardware, firmware, and/or software including one
or more computer program instructions. For example,
one or more of the procedures described above may be
embodied by computer program instructions. In this
regard, the computer program instructions which embody
the procedures described above may be stored by a
memory device of the mobile terminal and executed by a
built-in processor in the mobile terminal. As will be
appreciated, any such computer program instructions
may be loaded onto a computer or other programmable
apparatus (i.e., hardware) to produce a machine, such
that the instructions which execute on the computer or
other programmable 



apparatus create means for implementing the functions
specified in the flowcharts block(s) or step(s). These
computer program instructions may also be stored in a
computer-readable memory that can direct a computer or
other programmable apparatus to function in a
particular manner, such that the instructions stored
in the computer-readable memory produce an article of
manufacture including instruction means which
implement the function specified in the flowcharts
block(s) or step(s). The computer program instructions
may also be loaded onto a computer or other
programmable apparatus to cause a series of
operational steps to be performed on the computer or
other programmable apparatus to produce a
computer-implemented process such that the
instructions which execute on the0677 computer or
other programmable apparatus provide steps for
implementing the functions specified in the flowcharts
block(s) or step(s). Accordingly, blocks or steps of
the flowcharts support combinations of means for
performing the specified functions, combinations of
steps for performing the specified functions and
program instruction means for performing the specified
functions. It will also be understood that one or more
blocks or steps of the flowcharts, and combinations of
blocks or steps in the flowcharts, can be implemented
by special purpose hardware-based computer systems
which perform the specified functions or steps, or
combinations of special purpose hardware and computer
instructions. In this regard, one embodiment of a
method for obtaining and storing system information
from neighboring base stations 44 as illustrated in
FIG. 5 includes the initial receipt by a mobile
terminal 10 of a broadcast message from a neighboring
base station 44, as shown in operation 100. The mobile
terminal then determines the identity of the
neighboring base station, as shown in operation 102.
Based upon the identity of the neighboring base
station, the mobile terminal determines if system
information is stored for the neighboring base station
and, if so, if the stored system information satisfies
the predefined validity criteria, as shown in
operation 104. If valid system information is already
stored by the mobile terminal, the mobile terminal
does not again read the system information of the
respective base station and, instead, continues
monitoring for broadcast messages from other base
stations in operation 100. If the mobile terminal
determines, however, that system information for the
respective base station is not already stored in
memory or, even if the system information is already
stored in memory, does not satisfy the predefined
validity criteria, the mobile terminal reads the
system information, such as the SU-I information,
broadcast by the respective 



base station, as shown in operation 106. The mobile
terminal then stores the system information, such as
in memory 40, along with an identification of the
respective base station, as shown in operation 108. As
noted above, according to the SU-I information, the
mobile terminal may apply different mobility
procedures. For example, system information relating
to a barred cell that is read and stored by the mobile
terminal may not need to be reported by the
mobileT/IB2008/000677 terminal to the network. Also,
if a mobile terminal that is roaming identifies a base
station based upon the system information that is read
and stored that belongs to the home network of the
mobile terminal, the mobile terminal may decide to
move immediately to its home network by effectuating a
handover procedure to the base station that has been
identified to belong to its home network.
Additionally, FIG. 6 depicts one embodiment of a
method for effectuating a handover of a mobile
terminal 10. In this regard, in response to the
institution of the handover procedure in operation
110, the mobile terminal determines if system
information is stored for the base station to which
the mobile terminal is to be handed over and, if so,
if the stored system information satisfies the
predefined validity criteria, as shown in operation
112. If valid system information is already stored by
the mobile terminal, the mobile terminal does not
again read the system information of the respective
base station and, instead, continues to effectuate the
handover in operation 118. If the mobile terminal
determines, however, that system information for the
base station to which the mobile terminal is to be
handed over is not already stored in memory or, even
if the system information is already stored in memory,
does not satisfy the predefined validity criteria, the
mobile terminal reads the system information, such as
the SU-I information, broadcast by the respective base
station, as shown in operation 114. The mobile
terminal then stores the system information, such as
in memory 40, along with an identification of the
respective base station as shown in operation 116
prior to effectuating the handover as shown in
operation 118. Although one embodiment as illustrated
in FIG. 6 reads and stores system information prior to
handover, in alternative embodiments handover may be
effectuated prior to reading and storing the system
information. The above described functions may be
carried out in many ways. For example, any suitable
means for carrying out each of the functions described
above may be employed to carry out the invention. In
one embodiment, all or a portion of the elements of
the invention generally operate under control of a
computer program product. The computer program product
for performing the methods of 



embodiments of the invention includes a
computer-readable storage medium, such as the
non-volatile storage medium, and computer-readable
program code portions,B2008/000677 such as a series of
computer instructions, embodied in the
computer-readable storage medium. Many modifications
and other embodiments of the inventions set forth
herein will come to mind to one skilled in the art to
which these inventions pertain having the benefit of
the teachings presented in the foregoing descriptions
and the associated drawings. For example, the methods,
apparatus and computer program products of embodiments
of the present invention may be applied not only to
effectuate handovers between intra-frequency
neighboring base stations, but also between
inter-frequency and inter-RAT (Radio Access
Technology) neighboring base stations. In instances in
which a mobile terminal 10 moves to another
interfrequency carrier or another inter-RAT system,
the mobile terminal may be required to reset its
database and again acquire the system information for
each neighboring base station 44. Alternatively, the
system information stored by the mobile terminal prior
to its movement to another inter-frequency carrier or
another inter-RAT system may be maintained and the
mobile terminal may continue to use the system
information following its movement to another
inter-frequency carrier or another inter-RAT system,
generally subject to a predefined validity criteria as
described above. Therefore, it is to be understood
that the inventions are not to be limited to the
specific embodiments disclosed and that modifications
and other embodiments are intended to be included
within the scope of the appended claims. Moreover,
although the foregoing descriptions and the associated
drawings describe exemplary embodiments in the context
of certain exemplary combinations of elements and/or
functions, it should be appreciated that different
combinations of elements and/or functions may be
provided by alternative embodiments without departing
from the scope of the appended claims. In this regard,
for example, different combinations of elements and/or
functions than those explicitly described above are
also contemplated as may be set forth in some of the
appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.000677
WHAT IS CLAIMED IS: 1. A method comprising: obtaining
at least some system information from at least one
neighboring base station; storing the system
information in association with the base station(s)
from 



which it was obtained; and participating in a handover
or reselection to a respective neighboring base
station based at least in part upon the stored system
information associated with the respective neighboring
base station without verification of the system
information. 2. A method according to Claim 1, further
comprising determining if one or more predefined
validity criterion is met with respect to the stored
system information and, if not, obtaining at least
some information from at least one neighboring base
station so as to update the stored system information.
3. A method according to Claim 2, wherein the one or
more predefined validity criterion comprise one or
more of a maximum time elapsed since the stored system
information was obtained, a maximum time elapsed since
the stored system information was stored, or a maximum
number of handovers or reselections. 4. A method
according to Claim 2, wherein values for the one or
more predefined validity criterion are determined
based upon one or more of a signal sequence re-use
distance, network topology, anticipated mobility of a
mobile device, or anticipated usage of the mobile
device. 5. A method according to Claim 1, wherein
storing the system information in association with the
base station(s) from which it was obtained comprises
storing the system information in association with a
reference signal sequence(s) of the base station(s)
from which the system information was obtained.7 6. A
method according to Claim 1, wherein the system
information indicates one or more of an identity of a
public land mobile network, a tracking area code, a
cell identity, a cell barring status, scheduling
information of one or more scheduling units, mapping
information, or availability information. 7. A method
according to Claim 1, wherein a neighboring base
station comprises a base station whose broadcast is
detected. 8. A method according to Claim 1, further
comprising compressing at least some of the stored
system information. 9. A computer program product
comprising at least one computerreadable storage
medium having computer-readable program code portions
stored therein, the computer-readable program code
portions comprising: a first executable portion for
obtaining at least some system information from at
least one neighboring base station; a second
executable portion for storing the system information
in association with the base station(s) from which it
was obtained; and 



a third executable portion for participating in a
handover or reselection to a respective neighboring
base station based at least in part upon the stored
system information associated with the respective
neighboring base station without verification of the
system information. 10. A computer program product
according to Claim 9, further comprising: a fourth
executable portion for determining if one or more
predefined validity criterion is met with respect to
the stored system information and, if not, obtaining
at least some information from at least one
neighboring base station so as to update the stored
system information. 11. A computer program product
according to Claim 10, wherein the one or more
predefined validity criterion comprise one or more of
a maximum timeelapsed since the stored system
information was obtained, a maximum time elapsed since
the stored system information was stored, or a maximum
number of handovers or reselections. 12. A computer
program product according to Claim 10, wherein the
values for the one or more predefined validity
criterion are determined based upon one or more of a
signal sequence re-use distance, network topology,
anticipated mobility of a mobile device, or
anticipated usage of the mobile device. 13. A computer
program product according to Claim 9, wherein the
second executable instruction includes instructions
for storing the system information in association with
a reference signal sequence(s) of the base station(s)
from which the system information was obtained. 14. A
computer program product according to Claim 9, wherein
the system information indicates one or more of an
identity of a public land mobile network, a tracking
area code, a cell identity, a cell barring status,
scheduling information of one or more scheduling
units, mapping information, or availability
information. 15. A computer program product according
to Claim 9, wherein a neighboring base station
comprises a base station whose broadcast is detected.
16. A computer program product according to Claim 9,
wherein the third executable portion includes
instructions for compressing at least some of the
system information. 17. An apparatus comprising a
processor configured to: obtain at least some
information from at least one neighboring base
station; store the system information in association
with the base station(s) from which it was obtained;
andparticipate in a handover or reselection to a
respective neighboring base 



station based at least in part upon the stored system
information associated with the respective neighboring
base station without verification of the system
information. 18. An apparatus according to Claim 17,
wherein the processor is further configured to:
determine if one or more predefined validity criterion
is met with respect to the stored system information
and, if not, obtain at least some information from at
least one neighboring base station so as to update the
stored system information. 19. An apparatus according
to Claim 18, wherein the one or more predefined
validity criterion comprise one or more of a maximum
time elapsed since the stored system information was
obtained, a maximum time elapsed since the stored
system information was stored, or a maximum number of
handovers or reselections. 20. An apparatus according
to Claim 18, wherein values for the one or more
predefined validity criterion are determined based
upon one or more of a signal sequence re-use distance,
network topology, anticipated mobility of a mobile
device, or anticipated usage of the mobile device. 2
1. An apparatus according to Claim 17, wherein the
processor is further configured to store the system
information in association with a reference signal
sequence(s) of the base station(s) from which the
system information was obtained. 22. An apparatus
according to Claim 17, wherein system information
indicates one or more of an identity of a public land
mobile network, a tracking area code, a cell identity,
a cell barring status, scheduling information of one
or more scheduling units, mapping information, or
availability information.23. An apparatus according to
Claim 17, wherein a neighboring base station comprises
a base station whose broadcast is detected. 24. An
apparatus according to Claim 23 wherein the processor
is further configured to compress at least some of the
stored system information. 25. An apparatus
comprising: means for obtaining at least some system
information from at least one neighboring base
station; means for storing the system information in
association with the base station(s) from which it was
obtained; and means for participating in a handover or
reselection to a respective neighboring base station
based at least in part upon the stored system
information associated with the respective neighboring
base station without verification of the system
information. 


