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BACKGROUND I. Field [0002] The present disclosure
relates generally to communication, and more
specifically to techniques for performing system
search to detect for a wireless communication network.
II. Background [0003] Wireless communication networks
are widely deployed to provide various communication
services such as voice, packet data, broadcast,
messaging, and so on. These wireless networks may be
capable of supporting communication for multiple users
by sharing the available network resources. Examples
of such wireless networks include Code Division
Multiple Access (CDMA) networks, Time Division
Multiple Access (TDMA) networks, and Frequency
Division Multiple Access (FDMA) networks. These
wireless networks may utilize various radio access
technologies (RATs) such as Wideband-CDMA (W-CDMA),
cdma2000, Global System for Mobile Communications
(GSM), and so on, which are known in the art. [0004] A
terminal may be capable of communicating with
different wireless networks such as W-CDMA and GSM
networks. The terminal typically performs system
search upon being powered on in order to detect for a
wireless network from which the terminal can obtain
service. System search entails performing search and 



acquisition, as necessary, to obtain service from a
wireless network. For the systemsearch, the terminal
may first attempt to acquire one of the wireless
networks from which the terminal has obtained service
in the past. If the acquisition is unsuccessful, then
the terminal may perform a frequency scan across a
frequency band in order to find a wireless network
from which the terminal can obtain service. Frequency
scan may entail attempting acquisition on each
frequency in which a wireless network may operate.
Since there may be many frequencies in a given
frequency band, the frequency scan may be very time
consuming, e.g., on the order of minutes for a crowded
frequency band on which many wireless networks may be
operating. The long frequency scan causes long delay
in obtaining service, which is highly undesirable.
[0005] There is therefore a need in the art for
techniques to efficiently perform system search in
order to obtain service faster. SUMMARY [0006]
Techniques for efficiently performing system search to
obtain service from a wireless communication system as
quickly as possible are described herein. A terminal
may be capable of receiving service from one of
multiple systems, e.g., two systems such as W-CDMA and
GSM systems. A first system (e.g., W-CDMA) may be
preferred over a second system (e.g., GSM).
Nevertheless, it is desirable to obtain service from
any system (e.g., either W-CDMA or GSM) as quickly as
possible. A frequency scan for the preferred system
may take a long time. The techniques described herein
attempt to obtain service from any system before
performing a frequency scan for the first system.
Furthermore, the frequency scan for the first system
is performed using information for the second system,
so that frequency regions in which the first system is
unlikely to be found are not scanned. This limited
frequency scan may substantially reduce scan time.
[0007] In an embodiment, the terminal initially looks
for service from the first system. The terminal may
form a list of one or more networks in the first
system, which may be network(s) from which the
terminal has received service in the past. The
terminal may perform acquisition on each network in
the list to look for service from 



the first system. If service is not found for the
first system, then the terminal performs a search for
the second system. If service is found on the second
system, then the terminal obtains service from the
second system and avoids a frequency scan for thefirst
system. Otherwise, the terminal performs a frequency
scan for the first system using the search results for
the second system. The terminal may obtain a list of
radio frequency (RF) channels detected for the second
system and may omit these RF channels and possibly
some other RF channels around these RF channels from
the frequency scan for the first system. [0008]
Various aspects and embodiments of the invention are
described in further detail below. BRIEF DESCRIPTION
OF THE DRAWINGS [0009] The features and nature of the
present invention will become more apparent from the
detailed description set forth below when taken in
conjunction with the drawings in which like reference
characters identify correspondingly throughout. [001
0] FIG. 1 shows a GSM network and a W-CDMA network.
[0011] FIG. 2 shows various layers for W-CDMA and GSM.
[0012] FIG. 3 shows a process performed by Non Access
Stratum (NAS) to obtain service from a wireless
network. [0013] FIGS. 4A and 4B show a process
performed by Radio Resource Control (RRC) for a
service request from the NAS. [0014] FIG. 5 shows a
2-stage frequency scan for W-CDMA. [0015] FIG. 6 shows
a process performed by a terminal to obtain service.
[0016] FIG. 7 shows a block diagram of the terminal.
DETAILED DESCRIPTION [0017] The word "exemplary" is
used herein to mean "serving as an example, instance,
or illustration." Any embodiment or design described
herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other
embodiments or designs. [0018] The system search
techniques described herein may be used for various 



wireless communication systems such as W-CDMA, GSM,
and cdma2000 systems. A system is characterized by a
particular radio access technology (RAT) such as
WCDMA, GSM, cdma2000, or some other RAT. A system may
include any number of networks. A network
operator/service provider may deploy one or more
systems forone or more RATs. For clarity, the system
search techniques are described below for W-CDMA and
GSM. [0019] ElG. 1 shows a deployment 100 that
includes a GSM network 110 and a WCDMA network 120.
GSM is a second generation (2G) radio access
technology that can provide voice service and low to
medium rate packet data service. W-CDMA is a third
generation (3G) radio access technology that can
provide enhanced services and capabilities, e.g.,
higher data rates, concurrent voice and data calls,
and so on. GSM network 110 and W-CDMA network 120 may
be part of a Universal Mobile Telecommunication System
(UMTS) network. GSM and W-CDMA are described in
documents from a consortium named "3rd Generation
Partnership Project" (3GPP), which are publicly
available. [0020] GSM network 110 includes base
stations 112 that communicate with terminals within
the coverage area of the GSM network. A base station
is a fixed station that communicates with the
terminals and may also be called a Node B, a base
transceiver station (BTS), an access point, and so on.
A mobile switching center (MSC) 114 couples to base
stations 112 and provides coordination and control for
these base stations. W-CDMA network 120 includes base
stations 122 that communicate with terminals within
the coverage area of the W-CDMA network. A radio
network controller (RNC) 124 couples to base stations
122 and provides coordination and control for these
base stations. RNC 124 may communicate with MSC 114 to
support inter-working between the W-CDMA and GSM
networks. A wireless network typically includes many
cells, where the term "cell" can refer to a base
station or the coverage area of the base station,
depending on the context in which the term is used hi
the following description, base station 112 is also
referred to as a GSM cell, and base station 122 is
also referred to as a W-CDMA cell. 



[0021] A multi-mode terminal 150 (e.g., a dual-mode
cellular phone) can communicate with GSM network 110
and W-CDMA network 120, typically with one wireless
network at any given moment. This capability allows a
user to obtain the performance advantages of W-CDMA
and the coverage benefits of GSM with the same
terminal. Terminal 150 may be fixed or mobile and may
also be called a user equipment (UE), a mobile station
(MS), a mobile equipment (ME), and so on. Terminal 150
may be a cellular phone, a personal digital assistant
(PDA), a wireless modem, a wireless communication
device, a subscriber unit, and so on.[0022] GSM
network 110 and W-CDMA network 120 may belong in the
same or different public land mobile networks (PLMNs).
A PLMN may comprise one or more wireless networks,
e.g., one or more W-CDMA networks and/or one or more
GSM networks. A PLMN is uniquely identified by a
specific Mobile Country Code (MCC) and a specific
Mobile Network Code (MNC). The W-CDMA networks and GSM
networks for a given PLMN may have overlapping or
non-overlapping coverage areas. Multiple PLMNs may
also be deployed by different service providers in a
given geographic area. [0023] Terminal 150 may be
provisioned with a list of preferred PLMNs from which
the terminal may receive service. This preferred list
may be provisioned by a service provider with which
the terminal has a subscription. The preferred list
normally includes a home PLMN (HPLMN) and other PLMNs
for which the service provider has roaming agreements.
The preferred list may be stored in a Subscriber
Identity Module (SIM), a Universal SIM (USIM), or some
other non-volatile memory module. The terminal may
also maintain a list of available PLMNs, which are
PLMNs that the terminal has discovered during prior
system searches. The list of available PLMNs may be
stored in a non-volatile memory. [0024] A PLMN may
operate on one or multiple frequency bands. Each
wireless network within each PLMN typically operates
at one or more specific frequencies within a specific
frequency band. Table 1 lists frequency bands that are
commonly used for W-CDMA and GSM networks. 



Table 1[0025] A W-CDMA network may operate on any of
the frequency bands given in Table 1 or some other
frequency band, which are collectively called W-CDMA
bands. Each W-CDMA band may be partitioned into
multiple W-CDMA channels, with each W-CDMA channel
having a bandwidth of 5 MHz. The center frequencies of
the WCDMA channels may be at discrete frequencies that
are separated by 200 KHz. The WCDMA channels are thus
separated by 5 MHz and have center frequencies that
can be chosen with 200 KHz resolution. Each W-CDMA
channel is identified by a specific channel number,
which may be an ARFCN (absolute radio frequency
channel number) or a UARFCN (UTRA ARFCN). A W-CDMA
network typically operates on a specific channel
number, which is a specific carrier frequency within a
specific W-CDMA band. [0026] A GSM network may operate
on any of the frequency bands given in Table 1 or some
other frequency band, which are collectively called
GSM bands. Each GSM band is partitioned into a number
of 200 KHz RF channels. Each RF channel is identified
by a specific ARFCN. The GSM 900 band covers ARFCNs of
1 through 124, the GSM 1800 band covers ARFCNs of 512
to 885, and the GSM 1900 band covers ARFCNs of 512 to
810. A GSM network typically operates on a specific
set of RF channels in a specific GSM band. [0027] As
shown in Table 1, W-CDMA and GSM networks may operate
on the same frequency band or overlapping frequency
bands. For example, W-CDMA Band II and GSM 1900 band
correspond to a Personal Communication System (PCS)
band, and W-CDMA Band III and GSM 1800 band correspond
to a Digital Cellular System (DCS) band. The operation
of multiple wireless networks on the same or
overlapping frequency bands can complicate frequency
scan for W-CDMA, as described below. [0028] FIG. 2
shows various layers for W-CDMA and GSM. W-CDMA
includes a Non Access Stratum (NAS) and an Access
Stratum (AS). The NAS comprises functions and
protocols that support traffic and signaling between a
terminal and a core network with which a W-CDMA
network interfaces. The AS comprises functions and
protocols that support communication between the
terminal and an RNC within the 



W-CDMA network. For W-CDMA, the AS includes a Radio
Resource Control (RRC) sublayer, a Radio Link Control
(RLC) sublayer, a Medium Access Control (MAC)
sublayer, and a physical layer. The RRC is a sublayer
of Layer 3. The RLC and MACare sublayers of Layer 2,
which is also called a data link layer. The physical
layer is also referred to as Layer 1. [0029] GSM
similarly includes the NAS and AS. For GSM, the AS
includes a Radio Resource (RR) management sublayer at
Layer 3, RLC and MAC sublayers at Layer 2, and a
physical layer at Layer 1. [0030] The NAS, RRC and RR
perform various functions to search for wireless
networks, to establish, maintain and terminate calls,
and so on. For simplicity, only functions related to
system search are described below. / [0031] For system
search, the NAS selects the most preferred PLMN from
which to receive service. The NAS may form a list of
PLMNs to search for service. This search list may
include PLMNs from the preferred list provisioned for
the terminal and possibly PLMNs from the available
list maintained by the terminal. The PLMNs in the
search list may be assigned different priorities. The
terminal may keep track of a registered PLMN, which is
the PLMN that the terminal has registered with most
recently. The registered PLMN may be given the highest
priority, the home PLMN may be given the next highest
priority, the preferred PLMNs may be assigned
different priorities (e.g., by the service provider),
and the available PLMNs may also be given different
priorities (e.g., by the NAS). The NAS may attempt to
obtain service from one of the PLMNs in the search
list. The NAS may also attempt to obtain limited
service (e.g., for emergency calls) from any PLMN if
none of the PLMNs in the search list are found. [0032]
FIG. 3 shows an embodiment of a process 300 performed
by the NAS to obtain service from a wireless network.
Process 300 may be performed when the terminal is
first powered on or upon loss of service. For process
300, the PLMNs in the search list are considered one
at a time, starting with the highest priority PLMN,
until service is found on a suitable PLMN. 



[0033] Initially, the NAS identifies the highest
priority PLMN in the search list that has not been
searched, which is called PLMN x (block 312). If all
PLMNs in the search list have been searched, then the
NAS may indicate that PLMN x can be any PLMN. The NAS
then sends a service request for PLMN x to the RRC for
W-CDMA (block 314). The RRC attempts to acquire a
W-CDMA cell in PLMN x and sends to the NAS a service
confirm response that indicates whether or not a
W-CDMA cell was found (block 320). The NAS receives
the service confirm response from the RRC
anddetermines whether service was found on a W-CDMA
cell by the RRC (block 322). If the answer is 'Yes',
then the NAS registers with the W-CDMA cell (block
340). [0034] If service was not found on a W-CDMA cell
by the RRC, then the NAS sends a service request for
PLMN x to the RR for GSM (block 324). The RR attempts
to acquire a GSM cell in PLMN x and sends to the NAS a
service confirm response that indicates whether or not
a GSM cell was found (block 330). The NAS receives the
service confirm response from the RR and determines
whether service was found on a GSM cell by the RR
(block 332). If the answer is 'Yes', then the NAS
registers with the GSM cell (block 340). Otherwise, if
service was not found on a GSM cell by the RR, then
the NAS determines whether PLMN x was for any PLMN
(block 334). If the answer is 'No', then the NAS
identifies the next highest priority PLMN in the
search list that has not been searched, which is
called PLMN x (block 336). If all PLMNs in the search
list have been searched, then the NAS indicates that
PLMN x can be any PLMN (also block 336). The process
then returns to block 314, and the NAS sends a service
request for the new PLMN x. [0035] In block 334, if
PLMN x is for any PLMN and if service was not found on
a W-CDMA or GSM cell, which indicates that all PLMNs
have been searched and no wireless network was found,
then the NAS goes into a deep sleep state (block 350).
The NAS may periodically wake up from the deep sleep
state and perform system search. [0036] FIG. 3 assumes
that W-CDMA is given higher priority than GSM. Hence,
the NAS first sends the service request for PLMN x to
the RRC, and then sends the service request to the RR
if service was not found on a W-CDMA cell. If GSM is
given 



higher priority than W-CDMA, then the NAS would send
the service request to the RR first (instead of the
RRC) and would then send the service request to the
RRC if service was not found on a GSM cell. [0037] The
RRC performs a number of functions to process a
service request from the NAS and to search for W-CDMA
networks. In an embodiment, the RRC performs the
following functions:  Maintain a list of W-CDMA
networks found in prior system searches;  Maintain and
associate channel numbers for the found W-CDMA
networks;  Determine which frequencies to scan for
each W-CDMA band of interest; and  Determine when to
perform frequency scan for W-CDMA.[0038] The RRC may
maintain an acquisition database that contains various
types of information used to acquire W-CDMA networks.
For example, the acquisition database may contain a
list of W-CDMA networks that have been found in prior
system searches. The acquisition database may store
one or more channel numbers for each WCDMA network in
the list. Each channel number is for a specific W-CDMA
RF channel and indicates a specific W-CDMA carrier
frequency. Each W-CDMA network in the list corresponds
to a PLMN with W-CDMA coverage. Each unique
combination of channel number and PLMN may be stored
as a separate entry in the acquisition database. The
entries in the acquisition database may be sorted in
chronological order, starting with the most recently
used channel number and PLMN combination. [0039] The
RRC also determines when to perform frequency scan,
which WCDMA band to scan (which may be provided by the
NAS), and which frequencies to scan for each W-CDMA
band of interest. It may be preferable to obtain
service from a W-CDMA network. Nevertheless, it is
desirable to obtain service from any network, either
W-CDMA or GSM, as quickly as possible. A frequency
scan for W-CDMA may take a long time. Thus, the
terminal may first attempt to obtain service from a
GSM network before performing a frequency scan for
W-CDMA. A GSM search may be performed to look for
service from a GSM network. This GSM search may take a
shorter amount of time than a W-CDMA frequency scan.
Furthermore, the information 



obtained from the GSM search may be used to limit the
frequencies for the W-CDMA frequency scan, so that
frequencies in which W-CDMA networks are unlikely to
be found are not scanned. [0040] ElGS. 4A and 4B show
an embodiment of a process 320a performed by the RRC
for a service request from the NAS. Process 320a is an
embodiment of block 320 in FIG. 3. Initially, the RRC
receives a service request for PLMN x from the NAS
(block 412). [0041] The RRC then attempts to acquire a
W-CDMA cell in PLMN x (block 420). For block 420, the
RRC scans the acquisition database to look for entries
for PLMN x and possibly for entries for PLMNs that are
considered to be equivalent to PLMN x (block 422). The
acquisition database includes an entry for each W-CDMA
carrier frequency previously detected for PLMN x. The
acquisition database may not have any entry for PLMN x
if the terminal is new and powered on for the first
time or if the terminal has just been upgraded with
one or more new PLMNs. A determination is thenmade
whether any entries for PLMN x are found in the
acquisition database (block 424). If the answer is
'No', then the RRC may perform a frequency scan (block
470 in FIG. 4B). Alternatively, the RRC may skip the
frequency scan at this point and may send a service
confirm response indicating that no W-CDMA cell was
found (not shown in FIG. 4A). The NAS can then
consider the next lower priority PLMN. [0042] If at
least one entry was found for PLMN x and the answer is
'Yes' for block 424, then the RRC determines the
channel number for each entry and directs Layer 1 to
attempt acquisition on W-CDMA cells for each channel
number (block 426). The RRC may attempt acquisition on
one channel number at a time, starting with the most
recently acquired channel number. Acquisition for
W-CDMA may entail (1) searching an entire scrambling
code space to look for a common pilot channel (CPICH)
transmitted by W-CDMA cells and (2) decoding a primary
common control physical channel (PCCPCH) to obtain
overhead information for the W-CDMA cells. [0043]
After completing the acquisition attempt in block 426,
a determination is made whether service was found on a
W-CDMA cell in PLMN x (block 432). If the 



answer is 'Yes', then the RRC sends to the NAS a
service confirm response with the found W-CDMA cell
(block 474 in FIG. 4B). Otherwise, if service was not
found on a W-CDMA cell, then a determination is made
whether PLMN x is for any PLMN (block 434). If the
answer is 'Yes', which means that all PLMNs in the
search list have been searched and no W-CDMA cell was
found, then the RRC performs a frequency scan (block
470). [0044] In an embodiment, if service was obtained
from a W-CDMA network in PLMN x in the past (which is
indicated by a 'Yes' for block 424) and if service was
not found on a W-CDMA network in PLMN x in the current
system search (which is indicated by a 'No' for block
432), then the RRC initiates GSM search prior to
performing a W-CDMA frequency scan (block 440 in FIG.
4B). In another embodiment, the RRC initiates GSM
search if acquisition has been attempted with all
entries in the acquisition database and service was
not found any W-CDMA cell. The GSM search may also be
triggered based on other criteria. The GSM search may
be performed for PLMN x (as shown in FIG. 4B) and/or
some other PLMN. [0045] In an embodiment, the GSM
search is performed for crowded frequency bands such
as, e.g., W-CDMA Bands II and III that correspond to
GSM 1900 and GSM 1800, respectively. A W-CDMA
frequency scan may take a long time for a
crowdedfrequency band. This is because signals from
other networks result in high received power
measurements that trigger code space searches for
W-CDMA cells. A GSM search may be performed in a
shorter amount of time than a W-CDMA frequency scan
for a crowded frequency band. Furthermore, for a PLMN
in which W-CDMA coverage has been detected in the
past, the likelihood of finding GSM coverage in the
same PLMN may be high. Hence, for crowded frequency
bands, improved performance (e.g., faster time to
obtain service) may be achieved by performing a GSM
search prior to performing a W-CDMA frequency scan.
[0046] Within block 440, a determination is made
whether to perform a GSM search (block 442). PLMN x
may include one or more W-CDMA networks that operate
on one or more W-CDMA bands, which may be provided by
the NAS to the RRC. 



Block 442 may determine whether any of the W-CDMA
band(s) for PLMN x is a crowded frequency band. If the
answer is 'No' for block 442, then the RRC performs a
frequency scan (block 470). Otherwise, if a GSM search
is to be performed, then the RRC determines the GSM
band corresponding to each W-CDMA band for PLMN x. For
example, if PLMN x is associated with W-CDMA Bands II
and III, then the RRC provides the corresponding GSM
1900 and GSM 1800. The RRC then sends to the RR a
search request for the corresponding GSM band(s) for
PLMN x (block 444). The RR searches the corresponding
GSM band(s) for GSM cells in PLMN x (block 446). The
GSM search may entail (1) measuring received power for
each RF channel in each GSM band and, for each RF
channel with sufficiently strong received power, (2)
detecting a tone on a frequency correction channel
(FCCH), and (3) decoding a synchronization channel
(SCH) to obtain a transceiver station identity code
(BSIC) for a GSM cell. Upon completing the GSM search,
the RR sends the search results to the RRC (block
448). The search results may include a list of RF
channels for which the BSIC was detected. The RRC
receives the search results from the RR and updates
the frequencies to scan for each W-CDMA band, as
described below (block 450). [0047] A determination is
then made whether service was found on a GSM cell in
PLMN x (block 452). If the answer is 'Yes', then the
RRC avoids a frequency scan for W-CDMA since service
may be obtained more quickly from the GSM cell. The
RRC then sends to the NAS a service confirm response
indicating that no W-CDMA cell was found for PLMN x
(block 476). The NAS would subsequently attempt to
acquireservice from the GSM cell found by the RR
during the GSM search, in block 324 of FIG. 3. [0048]
If service was not found on a GSM cell by the GSM
search and the answer is 'No' for block 452, then the
RRC may once more attempt to acquire a W-CDMA cell on
PLMN x (block 460). The GSM search in block 446
consumes some amount of time, and the terminal may
have moved within W-CDMA coverage during this time.
The acquisition attempt in block 460 may result in
faster service for some operating scenarios. Block 460
may include blocks 422, 424 and 426 within block 420
in FIG. 



4A. After completing the acquisition attempt in block
460, a determination is made whether service was found
on a W-CDMA cell in PLMN x (block 462). If the answer
is 'Yes', then the RRC sends to the NAS a service
confirm response with the found WCDMA cell (block
474). Otherwise, if service was not found on a W-CDMA
cell, then the RRC performs a frequency scan (block
470). [0049] hi block 470, a frequency scan may be
performed over a subset of the frequencies for each
W-CDMA band of interest to search for W-CDMA cells, as
described below. Scanning a subset of the frequencies,
instead of an entire W-CDMA band, may substantially
reduce the amount of time for the frequency scan.
After completing the frequency scan, a determination
is made whether service was found on a W-CDMA cell
(block 472). If the answer is 'Yes', then the RRC
sends to the NAS a service confirm response with the
found W-CDMA cell (block 474). Otherwise, the RRC
sends to the NAS a service confirm response with no
W-CDMA cell found (block 476). [0050] FIG. 5 shows an
exemplary 2-stage frequency scan 500 for W-CDMA, which
may be performed for block 470 in FIG. 4B. hi the
first stage, a coarse frequency scan is performed
across a W-CDMA band of interest, e.g., any one of the
W-CDMA bands given in Table 1. Received power
measurements are obtained for different frequencies
that are spaced apart by D/c . For example, D/c may be
equal to 2 MHz, and a coarse frequency scan for W-CDMA
Band II may provide 3 1 received power measurements
for 3 1 coarse frequencies at f k =1930 +2k, for
0,...,30 . The received power measurements may be
sorted in descending order. The sorted coarse
frequencies may then be evaluated one at a time,
starting with the coarse frequencyhaving the strongest
received power, until a termination condition is
encountered (e.g., a suitable W-CDMA cell is found).
[0051] In the second stage, a fine frequency scan is
performed for each coarse frequency being evaluated. A
fine frequency scan is performed across a frequency
range of f FL = f k -Af c / 2 to f m = f k +Af c / 2
for coarse frequency . Received power measurements are
obtained for different fine frequencies that are
spaced apart by 



Afp. For example, Afp may be equal to 200 KHz, and a
fine frequency scan for coarse may provide 11 received
power measurements for 11 fine frequencies at f k i =
f k -Af F / 2 +i/5, for i = 0, ..., 10 . Af F is the
W-CDMA channel raster, which is the spacing between
possible carrier frequencies for W-CDMA. The fine
frequencies thus correspond to the possible W-CDMA
carrier frequencies. The received power measurements
for the fine frequencies may be sorted in descending
order. W-CDMA acquisition may then be attempted on the
sorted fine frequencies, one fine frequency at a time
and starting with the fine frequency having the
strongest received power, until a termination
condition is encountered (e.g., a suitable W-CDMA cell
is found). [0052] As shown in FIG. 5, there may be
many carrier frequencies to attempt WCDMA acquisition.
As an example, W-CDMA Band II covers 301 carrier
frequencies, and W-CDMA acquisition may be attempted
on as many as 200 to 300 carrier frequencies for this
W-CDMA band. Consequently, the frequency scan for
W-CDMA may take a long time (e.g., 2 to 3 minutes) to
complete. [0053] Li an embodiment, the RRC performs a
frequency scan for W-CDMA using information for GSM in
order to expedite the frequency scan. The RRC may
obtain a list of GSM RF channels found by the RR and
may use this list to remove W-CDMA carrier
frequencies. In an embodiment, the RRC removes the
W-CDMA carrier frequency corresponding to each RF
channel found by the RR. For the example shown in FIG.
5, the second, eighth and tenth fine frequencies
(which are marked with "x") correspond to RF channels
found by the RR. The RRC may then skip acquisition on
these omitted W-CDMA carrier frequencies. [0054] In
another embodiment, the RRC removes L W-CDMA carrier
frequencies centered at each RF channel found by the
RR. A W-CDMA channel with a bandwidth of 3.84 MHz
covers 19 W-CDMA carrier frequencies. The RRC may
remove 9 WCDMA carrier frequencies on each of the two
sides of each RF channel found by theRR. In another
embodiment, W-CDMA carrier frequencies around
previously acquired W-CDMA carrier frequencies are
removed. [0055] In an embodiment, Layer 1 attempts
acquisition once for each W-CDMA 



carrier frequency of interest. Each acquisition
attempt may entail searching over the entire
scrambling code space to look for W-CDMA cells. Layer
1 may attempt acquisition multiple times to improve
the likelihood of acquiring a W-CDMA cell. However,
increasing the number of acquisition attempts can
extend the time required to perform a frequency scan.
One acquisition attempt may provide good acquisition
performance while reducing the frequency scan time.
[0056] FIG. 6 shows an embodiment of a process 600
performed by a terminal to obtain service. Initially,
the terminal looks for service from a first
communication system (e.g., a W-CDMA system) (block
612). The terminal may form a list of one or more
networks in the first system, which are network(s)
from which the terminal has received service in the
past. The terminal may perform acquisition on each
network in the list to look for service from the first
system. [0057] If service was found on the first
system, as determined in block 614, then the terminal
obtains service from the first system (block 624).
Otherwise, if service was not found on the first
system, then the terminal performs a search for a
second communication system (e.g., a GSM system)
(block 616). The terminal may condition the search for
the second system based on various criteria such as,
e.g., if the first system is operating on a designated
frequency band, which may be a crowded frequency band
such as PCS band. The terminal may perform the search
for the second system for one or more frequency bands
(e.g., GSM 1900) corresponding to one or more
frequency bands (e.g., Band II) for the first system.
[0058] If service was found on the second system, as
determined in block 618, then the terminal obtains
service from the second system (block 624). Otherwise,
the terminal performs a frequency scan for the first
system using the results of the search for the second
system (block 620). The terminal may obtain a list of
RF channels detected for the second system and may
omit these RF channels from the frequency scan for the
first system. The terminal may also determine one or
more frequency regions for which frequency scan is not
needed based on the list of RF channels and 



may then omit the frequency region(s) from the
frequency scan for the first system. If service was
found on the first system, as determined in block 622,
then the terminalobtains service from the first system
(block 624). Otherwise, the terminal may go to sleep
and may perform system search again at a later time.
[0059] FIG. 7 shows a block diagram of an embodiment
of terminal 150. On the downlink, an antenna 712
receives modulated signals from GSM and/or W-CDMA base
stations and provides a received signal to a receiver
(RCVR) 714. Receiver 714 conditions (e.g., filters,
amplifies, and frequency downconverts) the received
signal, digitizes the conditioned signal, and provides
data samples. A demodulator (DEMOD) 716 processes
(e.g., descrambles, dechannelizes, and demodulates)
the data samples and provides symbol estimates, which
are estimates of data symbols sent by a base station
for terminal 150. A decoder 718 then processes (e.g.,
deinterleaves and decodes) the symbol estimates and
provides decoded data for terminal 150. The processing
by demodulator 716 and decoder 718 is typically
different for different radio access technologies. For
example, demodulator 716 may perform matched filtering
and equalization for GSM. Demodulator 716 may perform
descrambling with scrambling sequences, despreading
with orthogonal variable spreading factor (OVSF)
codes, data demodulation, and so on, for W-CDMA.
[0060] On the uplink, traffic data and signaling to be
sent by terminal 150 is processed (e.g., encoded and
interleaved) by an encoder 732 and further processed
(e.g., modulated, channelized, and scrambled) by a
modulator (MOD) 734 in accordance with the applicable
radio access technology (e.g., GSM or W-CDMA). A
transmitter (TMTR) 736 conditions (e.g., converts to
analog, amplifies, filters, and frequency upconverts)
the data chips from modulator 734 and generates an
uplink signal, which is transmitted via antenna 712 to
one or more base stations. [0061] A
controller/processor 720 controls the operation at
terminal 150. A memory 722 store data and program
codes for terminal 150. [0062] For system search,
controller/processor 720 may implement process 300 in
FIG. 3, process 320a in FIGS. 4A and 4B, process 600
in FIG. 6, and/or some other 



processes. Controller/processor 720 may implement the
NAS and may determine when to perform system search,
which PLMNs to look for service, and so on.
Controller/ processor 720 may also implement the RRC
and may determine when to invoke GSM search, when to
perform frequency scan, and which frequencies to scan.
Controller/ processor 720 may also implement the RR
and may perform the GSM search whenever directed by
the RRC and RR. Demodulator 716 may implement Layer 1
for both WCDMA and GSM, perform acquisition for W-CDMA
whenever directed by the RRC, provide W-CDMA
acquisition results, perform GSM search whenever
directed by the RR, and provide GSM search results.
[0063] For clarity, the system search techniques have
been specifically described for W-CDMA and GSM. These
techniques may also be used for other systems such as
cdma2000 system, wireless local area network (WLAN)
system, and so on. These technique may also be used
for more than two systems, e.g., for W-CDMA, GSM and
cdma2000 systems. [0064] The system search techniques
described herein may be implemented by various means.
For example, these techniques may be implemented in
hardware, firmware, software, or a combination
thereof. For a hardware implementation, the processing
units used to perform system search may be implemented
within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic
devices, other electronic units designed to perform
the functions described herein, or a combination
thereof. [0065] For a firmware and/or software
implementation, the techniques may be implemented with
modules (e.g., procedures, functions, and so on) that
perform the functions described herein. The software
codes may be stored in a memory (e.g., memory 722 in
FIG. 7) and executed by a processor (e.g., processor
720). The memory may be implemented within the
processor or external to the processor. [0066] The
previous description of the disclosed embodiments is
provided to enable 



any person skilled in the art to make or use the
present invention. Various modifications to these
embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein
may be applied to other embodiments without departing
from the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein.CLAIMS 1. An apparatus
comprising: at least one processor configured to look
for service from a first communication system, to
perform a search for a second communication system if
service was not found for the first system, and to
perform a frequency scan for the first system using
results of the search for the second system; and a
memory coupled to the at least one processor. 2. The
apparatus of claim 1, wherein the memory is configured
to store networks in the first system from which
service was received previously, and wherein the at
least one processor is configured to perform
acquisition for at least one of the networks in the
first system to look for service from the first
system. 3. The apparatus of claim 1, wherein the at
least one processor is configured to perform the
frequency scan for the first system if service was not
found for the second system during the search for the
second system. 4. The apparatus of claim 1, wherein
the at least one processor is configured to obtain a
list of radio frequency (RF) channels detected for the
second system during the search for the second system,
and to omit the list of RF channels from the frequency
scan for the first system. 5. The apparatus of claim
1, wherein the at least one processor is configured to
obtain a list of radio frequency (RF) channels
detected for the second system during the search for
the second system, to determine at least one frequency
region based on the list of RF channels, and to omit
the at least one frequency region from the frequency
scan for the first system. 



6. The apparatus of claim 1, wherein the at least one
processor is configured to look for service from the
first system again after performing the search for the
second system and prior to performing the frequency
scan for the first system.7. The apparatus of claim 1,
wherein the at least one processor is configured to
identify at least one network in the first system, to
look for service from the at least one network, and to
perform the search for the second system if service
was not found on any one of the at least one network.
8. The apparatus of claim 7, wherein the at least one
network comprises networks in the first system from
which service was received previously. 9. The
apparatus of claim 1, wherein the at least one
processor is configured to perform the search for the
second system if service was not found for the first
system and the first system is operating on a
designated frequency band. 10. The apparatus of claim
9, wherein the designated frequency band is a crowded
frequency band on which multiple communication systems
operate. 11. The apparatus of claim 1, wherein the at
least one processor is configured to identify one or
more frequency bands for the first system, and to
perform the search for the second system for at least
one frequency band corresponding to the one or more
frequency bands for the first system. 12. The
apparatus of claim 1, wherein the first system is a
Wideband Code Division Multiple Access (W-CDMA)
system, and wherein the second system is a Global
System for Mobile Communications (GSM) system. 13. An
apparatus comprising: at least one processor
configured to look for service from a Wideband Code
Division Multiple Access (W-CDMA) system, to perform a
search for a Global System for Mobile Communications
(GSM) system if service was not found for the W-CDMA
system, and to perform a frequency scan for the W-CDMA
system using results of the search for the GSM system;
and a memory coupled to the at least one processor.14.
The apparatus of claim 13, wherein the at least one
processor is configured to identify at least one
W-CDMA network for the W-CDMA system, to look 



for service from the at least one W-CDMA network, and
to perform the search for the GSM system if service
was not found on any one of the at least one W-CDMA
network. 15. The apparatus of claim 13, wherein the at
least one processor is configured to obtain a list of
radio frequency (RF) channels detected for the GSM
system during the search for the GSM system, and to
omit the list of RF channels from the frequency scan
for the W-CDMA system. 16. A method comprising:
performing acquisition for a first communication
system to look for service from the first system;
performing a search for a second communication system
if service was not found for the first system; and
performing a frequency scan for the first system using
results of the search for the second system. 17. The
method of claim 16, wherein the performing acquisition
for the first system comprises identifying at least
one network in the first system, and performing
acquisition for the at least one network to look for
service from the first system, and wherein the search
for the second system is performed if service was not
found on any one of the at least one network. 18. The
method of claim 16, wherein the performing the search
for the second system comprises performing the search
for the second system if service was not found for the
first system and the first system is operating on a
designated frequency band. 19. The method of claim 16,
wherein the performing the frequency scan for the
first system comprisesperforming the frequency scan
for the first system if service was not found for the
second system during the search for the second system.
20. The method of claim 16, wherein the performing the
frequency scan for the first system comprises 



obtaining a list of radio frequency (RF) channels
detected for the second system during the search for
the second system, and omitting the list of RF
channels from the frequency scan for the first system.
21. An apparatus comprising: means for performing
acquisition for a first communication system to look
for service from the first system; means for
performing a search for a second communication system
if service was not found for the first system; and
means for performing a frequency scan for the first
system using results of the search for the second
system. 22. The apparatus of claim 21, wherein the
means for performing acquisition for the first system
comprises means for identifying at least one network
in the first system, and means for performing
acquisition for the at least one network to look for
service from the first system, and wherein the search
for the second system is performed if service was not
found on any one of the at least one network. 23. The
apparatus of claim 21, wherein the means for
performing the search for the second system comprises
means for performing the search for the second system
if service was not found for the first system and the
first system is operating on a designated frequency
band. 24. The apparatus of claim 21, wherein the means
for performing the frequency scan for the first system
comprises means for performing the frequency scan for
the first system if service was not found for the
second system during the search for the second
system.25. The apparatus of claim 21, wherein the
means for performing the frequency scan for the first
system comprises means for obtaining a list of radio
frequency (RF) channels detected for the second system
during the search for the second system, and means for
omitting the list of RF channels from the frequency
scan for the first 



system. 26. A processor readable media for storing
instructions operable in a wireless device to: perform
acquisition for a first communication system to look
for service from the first system; perform a search
for a second communication system if service was not
found for the first system; and perform a frequency
scan for the first system using results of the search
for the second system. 27. The processor readable
media of claim 26, and further for storing
instructions operable to: identify at least one
network in the first system, and perform acquisition
for the at least one network to look for service from
the first system, and wherein the search for the
second system is performed if service was not found on
any one of the at least one network. 28. The processor
readable media of claim 26, and further for storing
instructions operable to: perform the search for the
second system if service was not found for the first
system and the first system is operating on a
designated frequency band. 29. The processor readable
media of claim 26, and further for storing
instructions operable to: perform the frequency scan
for the first system if service was not found for the
second system during the search for the second
system.30. The processor readable media of claim 26,
and further for storing instructions operable to:
obtain a list of radio frequency (RF) channels
detected for the second system during the search for
the second system, and omit the list of RF channels
from the frequency scan for the first system. 


