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METHOD FOR A RADIOTELEPHONE TO SCAN FOR ALTERNATE
RADIOTELEPHONE SYSTEMS

FIELD OF THE INVENTION

The present invention relates in general to radiotelephone
communication systems, and more particularly to a method for a radiotelephone
to scan for alternate radiotelephone systems.

BACKGROUND OF THE INVENTION

As various different types of communication systems have arisen for
radiotelephones, it has become beneficial to provide portable and mobile
radiotelephone stations that are interoperable between these various
communication systems. As a first step, dual-mode phones have been
developed that can operate between two radiotelephone systems. For example,
the ANSI-136 time division multiple access (TDMA) and GSM (Global System
for Mobile Communications) communication systems are intended to work
together in the same mobile terminal equipment, as described by the
GSM/ANSI-136 Inter operability Team (GAIT) specification, GSM/ANSI-136
Common Mobile Terminal Specification - Baseline Text, Revision 3;
GSM/ANSI-136 Inter operability Team (GAIT); October 26, 1999, wherein a
mobile radiotelephone is required to scan for alternate technologies. However,
no mechanisms are given to do this without service interruptions on the
selected technology and no exception cases are described.

The definition of a GAIT mobile station permits a single mobile station to
automatically determine the availability of alternate radio access technologies,
and thus obtain service on the most desirable radio access technology
availaﬁ:l'fe? in a given location. In particular, the GAIT specifications allow for a
mobile station to perform (background) scans of radio access technologies
other than the one on which it has currently obtained service. However, there
are some system performance issues that degrade the intended behavior of the
mobile station on the selected network while these scans of alternate
technologies are in progress. Specifically, when a mobile station is operating
as a GAIT compliant handset, and has obtained service on a GSM-based
(900MHz, 1800MHz or 1900MHz) network, the scan of ANSI-136 technology
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cannot be done without missing paging messages from the GSM network. This
results in a waste of GSM network resources for paging, and unpredictable
mobile paging response behavior. In the existing GAIT specifications, there is
no mechanism to allow the mobile to perform the alternate technology scans
without compromising operation on the GSM network. As a result, a base
station sending such paging messages, and receiving no reply in return, may
presume that the mobile has been turned off and remove the unit from its active
list. The mobile unit, when trying to resume communications will need to
reestablish the connection with the base station, wasting time and resources.
Also, missing GSM pages wastes resources and has been perceived by
operators as providing unpredictable service. A

In addition, there is an issue with a standards conflict. For an mobile unit
camped onto a GSM network, “The MS is required to attempt to decode a
message every time its paging subchannel is sent” per GSM 05.08, “Digital
cellular telecommunications system (Phase 2+); Radio Subsystem Link
Control”, European Telecommunications Standards Institute (ETSI), European
Standard (Telecommunications series), v6.7.1, sec. 6.5. However, there is a
fundamental contradiction between this and the GAIT specifications, which
state that background scans are required, and are to be done “in such a way as
to minimize interruptions in the mobile station’s monitoring for pages” per
GSM/ANSI-136 Common Mobile Terminal Specification - Baseline Text,
Revision 3; GSM/ANSI-136 Inter operability Team (GAIT); October 26, 1999,
sec. 6.2. One way to address this issue is to use a dual-receiver mobile unit.
However this is cost prohibitive due to the additional hardware and processor
requirements.

Therefore, the need exists for a method to allow a mobile unit to perform
alternate radiotelephone system scans without missing paging messages on
the system where it is presently camped. Additionally, it would prove beneficial
to provide this performance improvement with relatively simple hardware and
software and with little or no additional cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the prior art paging interaction between a GSM mobile
and a base station;

FIG. 2 illustrates the paging interaction between a GSM mobile and a
base station, in accordance with the present invention;
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FIG. 3 illustrates a flow chart of an alternate technology scan operation
of a mobile unit, in accordance with a preferred embodiment of the present
invention; and

FIG. 4 illustrates a flow chart of an alternate technology scan operation
of a mobile unit, in accordance with an alternate embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method to allow a mobile unit to
perform alternate radiotelephone system scans with controllable interruptions to
the system where it is presently camped. Additionally, the present invention
can be implemented with a single mobile receiver and with relatively simple
software modification and no additional hardware, therefore limiting any cost
penalty.

Ideally, it would be best for the mobile radiotelephone to perform the
alternate technology scan between paging message slots by designing the
mobile station to perform pieces of the ANSI-136 band scan in between GSM
pages. However, the shortest time allowed between GSM pages, for circuit-
switched mode, is 2 multi-frames, or 270 ms. Current software architecture and
hardware capabilities do not allow for a switch to an alternate technology in this
time frame. Further, when using a general packet radio service (GPRS) in
GSM, packet paging messages can arrive constantly (every downlink block)
which would make the alternate technology switch virtually impossible, even
with updated hardware capabilities.

Allowing for alternate technology scanning provides several advantages.
These advantages include, but are not limited to, the following examples. The
mobile unit can scan for available higher priority service within another
technology. The mobile unit can scan for alternate service within another
technology. Scanning can reduce roaming charges. The mobile unit can be
required to perform scans due to operator requirements, thereby improving
network operations. In addition, different networks can provide different
services that can be used beneficially by the mobile unit.

The present invention provides two methods to perform background
scans. In a first and preferred method the base station decides when and how
long the mobile unit searches for an alternate technology. This is described as
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a Network Controlled Alternate Technology Scan (NCATS) mechanism. One

110  possible implementation is that the network give the mobile radiotelephone an
indication of whether alternate technology service searches are allowed, by
sending a bit in an attach message. Further, the network could give an
indication of how long the mobile radiotelephone is allowed to be away from the
currently camped network. This could be done via the page mode element.

115  This could be done in specific geographical areas, or at certain times, based on
available network resources.

With this solution the network gives an indication that the GAIT mobile
radiotelephone may skip the background scans. In this way, the network itself
could limit the operational impact of a GAIT mobile radiotelephone missing

120 pages and wasting network resources, by limiting the times or locations in
which the alternate band scan is performed. FIGs. 1 and 2 show GAIT mobile
radiotelephone operation in a present operating mode as is known in the art,
and with the preferred embodiment of the present invention, respectively.

In FIG. 1, six steps are shown with time proceeding from top to bottom.

125 In a first step, the mobile station (MS) and base station (BSS) initialize
communication with themselves whereupon the mobile is camped on the base
station’s network (preferably, GSM). The base station in this mode has no
control over the mobile performing an alternate technology scan (ATS). In the
second step, the base station sends paging messages as in normal operation.

130 In the next step, the mobile unit determines that an ATS is needed and starts
this operation. During this time, in the next two steps, the base station sends
two paging messages addressed to the mobile unit which are not received by
the mobile unit (circled area). In the GSM system, if a page addressed to the
mobile unit is not acknowledged the base station will likely re-page the mobile.

135 If a second page is not acknowledged, the base station may remove the mobile
unit from its active list, and only pages other active mobile units in the area (last
step). When the mobile unit completes its ATS, it does not know that it has
been removed from the active list and the base station will no longer address
the mobile in paging messages. In this case the mobile unit, to reestablish

140  communication, must re-initialize with the base station.

In FIG. 2, five steps are shown with time proceeding from top to bottom,
in accordance with the present invention. In a first step, the mobile station (MS)
and base station (BSS) initialize communication with themselves whereupon
the mobile is camped on the base station’s network (preferably, GSM). The
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145 base station in this mode controls the ATS indicator for the mobile unit. At the
start, the base station instructs the mobile that ATS is disabled for example,
preventing the mobile from doing an ATS when it is indicated. This is preferred
since there may be immediate communications needed between units at
initialization, although it should be recognized that ATS can be enabled at start

150 up. Inthe second step, the base station sends paging messages as in normal
operation. In the next step, the mobile unit determines that an ATS is needed.
However, it does not start ATS until the base station enables it. In a next step
the base station pages the mobile enabling ATS. This can be done with one bit
coded in the paging message. At this time the mobile begins its ATS. During

155 this time, the base station continues to resend any paging messages addressed
to the mobile unit (to properly follow the standard) but does not delete the
unacknowledging mobile from its active list understanding that the mobile may
be performing an ATS. When the mobile returns from performing ATS, it will
be able to again receive paging message in sequence.

160 It should be recognized that the step of enabling of ATS by the network
and the step of the mobile determining that ATS is needed can be reversed
without consequence. That is, the base station can enable ATS in the mobile
before an ATS is required, and then the mobile can begin ATS when it
determines it is required. The above solution can also be applied to a GAIT

165 mobile unit with GPRS capabilities where the network sends the “ATS disabled”
during a GPRS attach procedure in addition to, or independent from, sending it
during initialization. In addition, it should be recognized that the method of the
present invention can also be applied to scanning for more than one alternate
technology, using a multimode radiotelephone capable of camping on several

170  different radio technology systems. '

The preferred embodiment of the method of the present invention can be
further understood with reference to FIG. 3. At power up 300, the mobile
radiotelephone proceeds to scan 302 for service in the multiple radio
technologies in which the radiotelephone is capable. When the mobile has

175 completed its scan, it registers, if necessary, and camps 304 on the best
available network. At this point, the mobile radiotelephone reads, from the
current base station cell it is camped in, whether it has been enabled 306 to
perform alternate technology scanning. In addition, the radiotelephone begins
its normal reception and response or acknowledgement to paging messages.

180  During operation, the radiotelephone normally detects 308 whether it has lost
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service on its current network. If this occurs, the radiotelephone will reset as in
its power up state 300 and scan 302 for another service technology that may be
available. However, assuming service is never lost, the mobile will perform
normally until an alternate technology scan (ATS) is triggered 310. If an ATS is
185  not yet triggered, the mobile radiotelephone will continue with its normal
monitoring of paging blocks from the current network 316 while also monitoring
for lost service 308.
After an ATS is triggered 310, and if the network has enabled ATS in the
radiotelephone 312, the mobile radiotelephone can then scan 314 for alternate
190 technologies while ignoring paging messages in the technology where it is
currently camped. In addition, while the mobile unit is scanning, the base
station sends its paging messages as normal, but now ignores any lack of
acknowledgement from the radiotelephone for pages addressed to the mobile
unit. During this time the base station keeps the radiotelephone on its active
195 list. If the mobile unit finds a desired technology service, it must necessarily
register and camp 304 on the new network. If this is the case, the base station
will implicitly disconnect the mobile from the previous network. For example,
the base station can repage the mobile unit a predetermined number of times
or for a predetermined time, transferring to voice mail for example, if necessary.
200 Moreover, the base station will no longer receive calls for the mobile since the
mobile will be initialized on the new network. However, in the case where the
mobile unit finds that there is no available alternate service, fhe mobile unit
stays camped 304 on its existing network.
However, if the network has disabled ATS in the radiotelephone 312, and
205 after ATS is triggered 310 in the mobile, the mobile radiotelephone is forced to
continue with its normal monitoring of paging blocks from the current network
316 while also monitoring for ATS 306 and for lost service 308. The ATS
enabling status is broadcast continually by the network in the system
information messages. The network can enable or disable ATS at any time.
210  Therefore, the mobile unit will routinely monitor for ATS enablement 306.
Alternatively, a system can be set up where the base station makes a one time
decision to enable or disable ATS 306, and the mobile unit will only monitor
paging blocks from the current network 316 while also monitoring for lost
service 308.
215 Specifically, the present invention is a method for allowing a
radiotelephone to scan for alternate radiotelephone systems where each
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radiotelephone system has a plurality of cells for providing radiotelephone
service to a radiotelephone within a corresponding geographic area. Each cell
includes paging and voice communication and a radio coverage area

220 established by fixed site base stations. Each base station is operable to send
paging messages to radiotelephones and receive acknowledgements
therefrom. Initially, it is preferred that the method includes first steps of
powering up the radiotelephone and scanning for available alternate
technologies for service. It is always desired to search all available

225  technologies to find the one with the best available service. The method
includes a next step of registering and camping the radiotelephone on a
(preferably GSM) radiotelephone system. A next step includes establishing
whether alternate technology scanning has been enabled for the
radiotelephone. As a next step, If alternate technology scanning is disabled the

230 radiotelephone receives and acknowledges paging messages as they are
received from the base station. However, if alternate technology scanning is
enabled the radiotelephone scans for an alternate technology (preferably ANSI-
136) while the base station concurrently repeats any paging messages to the
radiotelephone during performance of the scanning step. It is also preferred to

235  scan for an alternately technology if service has been lost on the current
network. In addition, during this time while ATS is enabled the base station
ignores a lack of acknowledgement from the radiotelephone. Preferably, the
base station retains the radiotelephone on an active list during this time.

In an alternate method of the present invention, the mobile

240 radiotelephone skips the background scans in certain limited scenarios, in such
a way that the principle of a GAIT éompliant MS is not compromised. This
embodiment is described as a Mobile Controlled Alternate Technology Scan
(MCATS) mechanism where the mobile radiotelephone (either automatically or
via user or operator option) determines whether or not the mobile

245 radiotelephone searches for alternate technology service when obtaining
service on a certain network type. This feature could be adapted based on
those network types where a customer would want {o trigger the alternate
technology scans.

For example, when the feature is “ON”, the mobile radiotelephone itself

250 would detect the presence of a certain GSM network type, and then switch on
or off the alternate technology scans appropriately. This mobile control
mechanism could be a user feature, a flexed feature, or a feature of a
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subscriber identification moduile (SIM). For example, in a mobile
radiotelephone with the MCATS feature “ON”, if the mobile radiotelephone is

255  operating in GSM1800 or GSM900 coverage areas (such as in Europe), the
mobile radiotelephone would not perform the alternate technology scans. If the
same mobile radiotelephone was operating in GSM1900 coverage area (such
as in North America), the mobile radiotelephone would perform the alternate
technology scans. This could be useful for a tri-band GSM (900MHz, 1800MHz

260 and 1900MHz) GAIT mobile radiotelephone used in European markets, and
would still allow the mobile radiotelephone to be used as a GAIT mobile
radiotelephone in the North American markets, where the alternate technology
scans are more desirable. Making this function a SIM feature would allow the
North American operators control over the use of the mobile radiotelephone in

265  the their network areas, while not compromising GSM service in Europe, where
GSM900 and GSM1800 networks are present. Alternatively, the mobile unit,
upon initialization, can tell what country it is operating in and, with stored
knowledge of what systems are available in that country, the mobile can turns
ATS on or off as needed.

270 For this alternate embodiment, the method of the present invention can
be further understood with reference to FIG. 4. At power up 400, the mobile
radiotelephone proceeds to scan 402 for service in the multiple radio
technologies in which the radiotelephone is capable. When the mobile has

~ completed its scan, it registers, if necessary, and camps 404 on the best

275  available network. At this point, the mobile radiotelephone determines 406 the
country code or general geographic location from the available network
identification. In addition, the radiotelephone begins its normal reception and
response or acknowledgement to paging messages: During operation, the
radiotelephone normally detects 408 whether it has lost service on its current

280 network. If this occurs, the radiotelephone will reset, as in its power up state
400, and scan 402 for another service technology that may be available.
However, assuming service is never lost, the mobile will perform normally until
an alternate technology scan (ATS) is triggered 410. Triggering can occur by a
timer expiring or by manual user intervention, for example. If an ATS is not yet

285  triggered, the mobile radiotelephone will continue with its normal monitoring of
paging blocks from the current network 416 while also monitoring for lost
service 408.
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After an ATS is triggered 410, and if the location of the network indicates
that ATS is available, the mobile radiotelephone can then scan 414 for alternate

290 technologies while ignoring paging messages in the technology where it is
currently camped. In addition, while the mobile unit is scanning, the base
station repeats its paging messages as normal. If the mobile unit finds an
alternate technology service, it must necessarily register and camp 404 on the
new network. In this case, the base station will repage the mobile unit a

295  predetermined number of times or for a predetermined time, transferring to
voice mail or dropping the call for example, if necessary. If the mobile finds that
there is no alternate service, the mobile unit stays camped 404 on its existing
network.

However, if the location of the network indicates that ATS is not allowed,

300 the mobile radiotelephone will continue with its normal monitoring of paging
blocks from the current network 416 while also monitoring for lost service 408.

The present invention provides particular advantages in that North
American ANSI-136 and GSM operators are looking forward to the availability
of mobile stations capable of selecting the best available network type among

305 different technology networks. These features will provide a way for European
operators to use these same mobile stations while minimizing the impact on
their networks. This technology could also potentially be applied to other types
of multimode terminals, for example, those with both W-CDMA and GSM
capability.

310 While the invention has been described in the context of a preferred
embodiment, it will be apparent to those skilled in the art that the present
invention may be modified in numerous ways and may assume many
embodiments other than that specifically set out and described above.
Accordingly, it is intended by the appended claims to cover all modifications of

315 the invention which fall within the broad scope of the invention.
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CLAIMS

What is claimed is:

1. A method for allowing a radiotelephone to scan for alternate
radiotelephone systems, each radiotelephone system having a plurality of cells
for providing radiotelephone service to a radiotelephone within a corresponding
geographic area, each cell having paging and voice communication and a
radio coverage area established by fixed site base stations, and each base
station operable to send paging messages to radiotelephones, the method
comprising the steps of:

registering the radiotelephone on a radiotelephone system;

establishing whether alternate technology scanning has been enabled for

the radiotelephone; and

if alternate technology scanning is disabled:

the radiotelephone receiving paging messages from the base station;
the radiotelephone acknowledging to the base station paging
messages addressed to the radiotelephone;

if alternate technology scanhing is enabled;

the radiotelephone scanning for an alternate technology;

the base station concurrently repeating any paging messages
addressed to the radiotelephone during performance of the
scanning step;

the base station ignoring a lack of acknowledgement from the
radiotelephone for paging messages addressed to the
radiotelephone.

2. The method of claim 1, wherein before the registering step, further
comprising the steps of powering up the radiotelephone, and scanning for
available alternate technologies for service.

3. The method of claim 1, wherein after the establishing step, further
comprising a step of detecting if service has been lost on the current network
whereupon continuing at the previous scanning step.
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4. The method of claim 1, wherein the registering step includes registering
on one of a GSM radiotelephone system and a ANSI-136 radiotelephone
system.

5. The method of claim 4, wherein the scanning step includes an alternate
technology including at least one of a ANSI-136 radiotelephone system and a
GSM radiotelephone system. '

6. The method of claim 1, wherein the ignoring step includes the base
station retaining the radiotelephone on an active list.
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7. A method for allowing a radiotelephone to scan for alternate
radiotelephone systems, each radiotelephone system having a plurality of cells
for providing radiotelephone service to a radiotelephone within a corresponding
geographic area, each cell having paging and voice communication and a
radio coverage area established by fixed site base stations, and each base
station operable to send paging messages to radiotelephones, the method
comprising the steps of:

powering up the radiotelephone;

scanning for available technologies for service;

registering and camping the radiotelephone on a preferred radiotelephone

system;

establishing whether alternate technology scanning has been enabled for

the radiotelephone; and

if alternate technology scanning is disabled:

the radiotelephone receiving paging messages from the base station;
the radiotelephone acknowledging to the base station paging
messages addressed to the radiotelephone;

if alternate technology scanning is enabled;

the radiotelephone scanning for an alternate technology for service;

the base station concurrently repeating any paging messages |
addressed to the radiotelephone during performance of the
scanning step;

the base station ignoring a lack of acknowledgement from the
radiotelephone for paging messages addressed to the
radiotelephone and retaining the radiotelephone on an active list.
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8. The method of claim 7, wherein after the establishing step, further
comprising a step of detecting if service has been lost on the current network
whereupon continuing at the previous scanning step.

9. The method of claim 7, wherein the registering step includes registering
on one of a GSM radiotelephone system and a ANSI-136 radiotelephone
system.

10. The method of claim 9, wherein the scanning step includes an alternate
technology including at least one of a ANSI-136 radiotelephone system and a
GSM radiotelephone system.



