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Description

[0001] The present invention relates to a method for optimizing the scanning process of a mobile terminal, the scanning
process being performed by the mobile terminal in order to discover an available network to which a connection is
possible, wherein at least a part of existing networks is registered to a server, wherein said server provides its information
regarding the registered networks to the mobile terminal, and wherein the scanning period of the mobile terminal is
dynamically adjusted on the basis of information provided by the server.
[0002] In recent years several types of wireless communication systems have been developed. For example, wireless
local area networks (WLAN) are widely spread nowadays, cellular networks, such as Universal Mobile Telecommunication
Systems (UMTS), have gained paramount importance, and, most recently, WiMAX (defined as Worldwide Interoperability
for Microwave Access) has been developed as a standard-based technology enabling the delivery of last mile wireless
broadband access. Each of these systems provides different types of services and specific applications.
[0003] According to the existing different types of wireless communication systems, mobile terminals nowadays support
multiple network interfaces, with WiFi, UMTS, GSM and Bluetooth already available in the market. While connection to
the GSM/UMTS network is neatly arranged by network operators, other networks, such as WiFi and Bluetooth, require
continuous scanning of the mobile terminal to guarantee a reasonable percentage of connection time. In order to discover
available networks, the terminal needs to perform a technology-specific scan function. In general, this results in such
intensive battery consumption, that the mobile terminals functionality is drained at unacceptable rates.
[0004] In the case of networks where the terminal receives advertisements (for instance, beacons), such as in WiFi,
the scanning time may be considered as the period in which the wireless card is listening on the radio link and can
receive such advertisements. During the rest of the time, the device is considered as non listening. When a protocol
does not provide any advertisements, such as Bluetooth Inquiry or WiFi active Probe Request modes, a scan is considered
as the initiation of the scanning process.
[0005] Certain strategies have been developed, such as the MIH (Media Independent Handover), which communicate
available networks within a given area to mobile terminals. Consequently, the terminal does not have to perform a
scanning process, but can directly attempt to connect to the known networks in its vicinity. However, devices that are
not MIH-enabled need to periodically scan for available networks, resulting in rapid battery consumption as mentioned
above. MIH-enabled devices, on the other hand, can save battery and scanning time when using the information regarding
available networks provided by the MIH service. In the context of the MIH service, this information is usually provided
by an information server (IS) to which existing networks are registered.
[0006] Document V. Gupta, M. Williams, X. Liu, Q. Xie: "Extract from IEEE P802.21/D05.02, Draft Standard for Local
and Metropolitan Area Networks: Media Independent Handover Services", IEEE, June 19, 2007, XP002477830, which
is an IEEE standard document related to MIH, describes the Media Independent Information Service (MIIS) that provides
a mechanism by which an MIHF entity may discover and obtain network information existing within a geographical area
to facilitate the handovers. The information on existing networks is present in an information server (IS) from where the
MIHF in a mobile terminal may access it. As a result, MIH-enabled devices can save battery and scanning time when
using the information regarding available networks provided by the MIH service on the IS.
[0007] However, there will always be situations in which mobile devices can not use the information provided by the
information server, either because the information is incomplete or outdated. This may be due to the fact that networks
that do exist have not been registered yet in the IS. In such cases, the terminal is reduced to non-MIH functionality,
which typically involves periodical scans according to the policies implemented in the terminal. Such a situation can be
described as a non-MIH operation of MIH-enabled devices, in which terminals act as they were not MIH-enabled, i.e.
they have to periodically scan in order to discover available networks to which connection is possible.
[0008] Document WO 2005/101887 A1 discloses a wireless network that controls the time occurrence of spectrum
scanning of a dual mode wireless terminal. In particular, it aims at integrating UMTS (first network) and an IEEE802.11
WLAN (second network). The time of occurrence of spectrum scanning by the dual mode terminal, and hence the power
consumption of the dual mode terminal, is controlled by the first network by means of a scanning control message that
is transmitted from the first network to the dual mode terminal. Criteria for controlling the time of occurrence of the
spectrum scanning may be the required service, the available capacity on the first or second network, the proximity of
the second network, the capabilities of the dual mode terminal, the location of the dual-mode terminal, or the location
of the dual mode terminal relative to the location of the second network. Optionally, additional information about the
second network may be used to control the time of occurrence of the spectrum scanning.
[0009] Document WO 98/27766 A discloses methods and devices for reducing electricity consumption in mobile
multimode telecommunication terminals. Specifically, the multimode terminal uses information about the respective
current availability of communication networks and matches the frequency of the search process to the level of coverage.
For instance, in a GSM network, where the individual cells are more or less covered by DECT picocells, the searching
for DECT networks may be entirely suppressed, if there is no DECT system in the entire GSM cell. On the other hand,
if the entire GSM cell is covered by DECT picocells, the frequency of the search process will be maximized.
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[0010] It is an object of the present invention to improve and further develop a method of the initially described type
for optimizing the scanning process of a mobile terminal in such a way that by employing mechanisms that are readily
to implement a high level of connectivity with a power consumption as low as possible is achieved.
[0011] In accordance with the invention, the aforementioned object is accomplished by a method comprising the
features of claim 1. According to this claim such a method is characterized in that a probability PR is estimated that a
network is registered in the server, such that PR gives the percentage of networks that are known to the server, wherein
users are enabled to report networks to the server, the reports being employed by the server, after having performed a
plausibility check according to configurable criteria, to update its knowledge of existing networks, wherein the probability
PR is dynamically recalculated by the server on the basis of said plausibility checked network reports received from
users, wherein the probability PR is increased by the server each time it receives a user report regarding a network of
which the server had previous knowledge already, and wherein the probability PR is decreased each time the server
receives a user report regarding a network of which the server had not yet previous knowledge, and wherein the mobile
terminal’s scanning period is determined on the basis of said estimated probability PR, wherein the scanning period is
shortened the lower the estimated probability value PR is.
[0012] According to the invention is has been recognised that by using information regarding available networks, which
is provided by a server to which existing networks can be registered, a dynamic adaptation of the scanning period of a
mobile terminal can be performed. By specifying the scanning period depending on information provided by the server
regarding available networks, at least the same level of connectivity as with traditional scanning methods can be achieved,
but with an optimized power consumption and, therefore, with an increased battery life.
[0013] The method according to the invention can be suitably applied, for instance, in MIH environments according
to the IEEE 802.21 standard. In such a case, the MIH Information Server (IS) would function as the server to which
existing networks can register and which provides its information regarding the registered networks to the mobile terminal.
However, it is to be understood that the invention is applicable in any scenario in which a server is provided to which
networks can register, and wherein said server is enabled to provide information regarding registered networks to mobile
terminals. Consequently, when the invention is described with respect to MIH in the following, this reference is to be
understood as an exemplary reference only, and it is to be expressly pointed out that it is in no way intended to limit the
invention in any way.
[0014] Furthermore, in accordance with the invention, a probability PR of a network to be registered in the server is
estimated and the mobile terminal’s scanning period is determined on the basis of said estimated probability PR. When
PR is the probability of a particular network being registered in the server, PR gives, in other words, the percentage of
networks that are known to the server or, in the special application scenario of MIH technology, to the MIH Information
Server (IS), respectively. PR is always lower as one, or equal to one in the case that all existing networks within a specified
area are known to the server. To optimally adjust the scanning period of a terminal, the scanning period is shortened
the lower the estimated probability value PR. The estimation of the probability value PR may be performed either by each
terminal on the basis of the information received from the server or by the server itself which constitutes a more centralized
approach. In the latter case it may be provided that the probability values PR are transmitted from the server to mobile
terminals upon special requests from the part of the terminals.
[0015] Still further, in accordance with the invention, users are enabled to report networks to the server, the reports
being employed by the server to update its knowledge of existing networks, and the probability PR is dynamically
recalculated by the server on the basis of said network reports received form users. By enabling users to send messages
to the server in order to report networks to the server, a high degree of freshness, richness, and completeness of
information stored in the server is achieved. The communication nodes updating the information in the server may be
individual users, preferably costumers of the operator of the server, or other network operators. By allowing users to
conduct the updates of the server by themselves, the system is very dynamic and loyal to the current state of the network
with the information in the server being always fresh and thorough due to periodically updates by users in the field.
[0016] In accordance with the invention the server employs reports on the part of users only after having performed
a plausibility check according to configurable criteria. In other words, the server decides about the acceptance of mes-
sages received form a user/communication node according to configurable criteria. Only in cases in which specified
criteria are fulfilled, the server employs the content of a message in order to conduct an update operation. Otherwise
the message may be discarded.
[0017] Regarding the adjustment of the probability PR it is provided that the probability PR is decreased each time the
server receives a user report (which, where appropriate, has being checked and qualified as being trustworthy) regarding
a network of which the server had not yet previous knowledge. By decreasing the probability PR it is taking into consid-
eration that, obviously, there are (many) existing networks which are not yet registered to the server. On the other hand,
the probability PR is increased by the server each time it receives a user report regarding a network of which the server
had previous knowledge already.
[0018] According to an embodiment the plausibility check may include, for example, a measurement to identify a
network reported by user as a moving network, that is, a network that is not affixed to a static location. Additionally,
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mechanisms may be implemented to prevent simple spam from being reported. Furthermore, the configurable criteria
may, for example, include the kind of authorization of the communication node, i.e. the server may be configured in such
a way that only messages from authorized communication nodes are further processed. The authorization may be due
to the fact that the respective communication node is registered as a customer of the operator which is responsible of
managing the server.
[0019] In addition to authorization issues, the server may conduct further plausibility checks. For example, the server
may use information forwarded to it by a communication node for an update only in such cases in which it receives a
configurable number of messages from different communication nodes containing the same (or essentially the same)
readings within a configurable time period. In reverse this means, that an isolated message will be condemned as
untrustworthy. For example, if a communication node reports on a network not yet registered in the server, the server
will attend to the registration of this network only if the existence of this network is confirmed by other communication
nodes from the same geographical region. This mechanism strongly supports the detection of intentionally faked infor-
mation from certain users.
[0020] According to an embodiment, the probability PR may be slightly increased towards the value 1, if the server
receives no user reports of yet unknown networks over a long period of time. In such a case, it is very likely that all
existing networks are already registered to the server. However, the probability PR may be decreased in the case the
server does not receive any user reports at all over a long period of time. By this means one can take into account the
lack of freshness of the information stored in the server regarding available networks. The time period after which the
probability PR will be increased/decreased may be implemented as a configurable parameter.
[0021] An additional parameter to be considered in the calculation of the probability PR may include a prediction of
the amount of unknown networks. Such a prediction could be made, for instance, by means of machine learning tech-
niques.
[0022] With respect to a high accuracy it proves to be advantageous to perform the estimation of the probability PR
specific to a certain geographic area. The smaller the geographical area for which a probability value is generated, the
better is the information for an individual mobile terminal which will choose, in order to adjust its scanning period, a
probability value that fits to the geographic area where the mobile terminal is currently located. The degree of granularity
may be determined depending on the positioning mechanism provided by the server. The areas will usually be bigger
than the maximum resolution of the positioning system.
[0023] With respect to an effective storage of the individual probabilities, it may be provided that the individual prob-
abilities PR for each specified area are stored by the server in a spatial database or by means of the GIS (Geo Information
Service) storage mechanisms.
[0024] Advantageously, for each specified area an individual probability PR is calculated for each of the different access
technologies. By this means it is possible for a mobile terminal which, for instance, exclusively searches for a WiFi
network (maybe because the terminal supports only such a network interface) to adjust its scanning period on the basis
of a probability PR value which takes into consideration only the local situation regarding existing WiFi networks.
[0025] It may be provided that a probability PR that is valid for a certain area is also transmitted to areas neighboured
to said area. The user is thus enabled to change his geographical position to a neighboured area if he finds that the
probability PR is higher in that area and, therefore, a connection to a network may be established by applying a longer
scanning period and, consequently, by consuming less battery power. Moreover, it can be provided that the user is
enabled to choose whether he wishes to receive a probability value PR that is averaged for a large area, or rather fine
grained values for a set of smaller, adjacent areas.
[0026] Advantageously, it may be provided that the calculated probability value PR is transmitted to the mobile terminal
and that the scanning period TS is calculated on the part of the mobile terminal on the basis of the received probability
value PR. Alternatively, it is possible that the scanning period TS is calculated by the server or by an external application
and that the calculated scanning period TS is transmitted to the mobile terminal.
[0027] Regarding the transmission of the probability PR estimations and/or scanning period TS calculations from the
server to mobile terminals the MIIS (Media Independent Information Service) as defined in the IEEE 802.21 Standard
may be employed. To this end, a new Information Element (IE) may be added to the MIIS. There are no further problems
on doing that, since the 082.21 protocol reserves certain number of bits with the purpose of allowing vendors and
operators to add their proprietary IEs. For example, in this context a new IE called "Networks Knowledge Estimation"
could be introduced. The process of how this information is inserted in the frame and sent to the mobile nodes may be
just following the normal 802.21 rules.
[0028] It is noted once again that the methods as described herein are not exclusive of MIH as defined in the IEEE
802.21 specification. It becomes clear to someone skilled in the art that the method as described above applies to any
existing or upcoming protocol with similar mechanisms or functionalities.
[0029] There are several ways how to design and further develop the teaching of the present invention in an advan-
tageous way. To this end it is to be referred to the patent claims subordinate to patent claim 1 on the one hand and to
the following explanation of preferred embodiments of the invention by way of example, illustrated by the figure on the
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other hand. In connection with the explanation of the preferred embodiments of the invention by the aid of the figure,
generally preferred embodiments and further developments of the teaching will we explained.
[0030] In the drawings:

Fig. 1 is a schematic view of a typical network architecture illustrating the MIH communication model in general,

Fig. 2 is a schematic illustration of a static network search process according to the state of the art with a long scan
period,

Fig. 3 is a schematic illustration of a static network search process according to the state of the art with a short scan
period,

Fig. 4 is a schematic illustration giving a comparison of battery consumption and wasted time according to various
scanning scenarios, and

Fig. 5 is a flow diagram showing an embodiment of an algorithm to dynamically recalculate the probability PR.

[0031] Fig. 1 illustrates a network model including MIH services in which the method according to the invention is
generally applicable. More particularly, Fig. 1 gives an illustration of the MIH communication reference points in a typical
network architecture. The model includes an MIH capable communication node 1 which supports multiple wired and/or
wireless access technology options.
[0032] The model shown in Fig. 1 includes four exemplary access networks 1-4. The access networks 1, 2 and 4 are
connected to a core network (Operator 1-3 Core, respectively), whereas access network 3 is a cellular network which
is coupled to a core network that is labelled as Visited/Home Core Network. In this context the terms visited and home
indicate the provisioning service provider or enterprise. Any of the illustrated networks can be either a Visited or Home
Network depending on the relation of the operator to the provisioner of the communication node 1. The Operator 1-3
Core each might represent a service provider or corporate intranet provider.
[0033] Network providers offer MIH services in their access networks (Access Networks 1-4) to facilitate handover
into their networks. Each access technology either advertises its MIH capability or responds to MIH service discovery.
Each service provider for the access network allows access to one or more MIH Points of Service (PoS). These PoS
may provide some or all of the MIH services as determined during MIH capabilities discovery. The location or node of
an MIH PoS is not fixed by the standard. The PoS location may vary based on operator deployment scenario and the
technology-specific MIH architecture.
[0034] An MIH PoS may reside next to or be co-located with the point of attachment (PoA) in the access network (in
this regard Access Networks 1, 2, and 4 are typical). Alternatively the PoS may reside deeper inside the access or core
network (in this regard Access Network 3 is typical). As shown in Fig. 1, the MIH entity in the communication node 1
communicates with MIH network entities either by R1, R2 or R3 over any access network. According to the 802.21 the
communication reference points R1-R5 shown in Fig. 1 are defined as follows:

R1 refers to MIHF (Media Independent Handover Function is a functional implementation of MIH services as defined
in the 802.21 specification) procedures between the MIHF on the communication node 1 and the MIH PoS on the
Network Entity of its serving PoA.

[0035] R2 refers to MIHF procedures between the MIHF on the communication node 1 and the MIH PoS on the Network
Entity of a candidate PoA. Candidate PoAs are PoAs that the communication node 1 is aware of but not currently attached
to; it becomes the target PoA if a handover eventually occurs. R1 and R2 may encompass communication interfaces
over both L2 and L3 and above.
[0036] R3 refers to MIHF procedures between the MIHF on the communication node 1 and the MIH PoS on a non-
PoA Network Entity. R3 may encompass communication interfaces over L3 and above and possibly L2 transport protocol
like Ethernet bridging, MPLS, etc.
[0037] R4 refers to MIHF procedures between an MIH PoS in a Network Entity and an MIH non-PoS instance in
another Network Entity. R5 refers to MIHF procedures between two MIH PoS instances in distinct Network Entities. R4
and R5 may encompass communication interfaces over L3 and above. MIHF content passed over R1-R5 may be related
to MIIS (Media Independent Information Service), MIES (Media Independent Event Service), or MICS (Media Independent
Command Service).
[0038] The interaction of visited and home network could be either for control and management purposes or for data
transport purposes. It is also possible that due to roaming or SLA agreements, the home network may allow the com-
munication node 1 to access the public Internet directly through a visited network. As illustrated, two MIH network entities
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may communicate with each other via R4 or R5 reference connections. The MIH capable PoA may also communicate
with other MIH network entities via R3 and R4 reference points. The MIH capable communication node 1 could have a
MIH communication with other PoA in the candidate access networks via R2 reference points to obtain information
services about the candidate network.
[0039] With regard to the MIH Information Service (MIIS) the providers offer access to their information server located
in a MIH PoS node (upper far left). The operator provides the MIIS to communication nodes so they can obtain pertinent
information including but not limited to new roaming lists, costs, provider identification information, provider services,
priorities and any other information that would enable to select and utilize services. It is possible for the communication
node 1 to be pre-provisioned with MIIS data by its provider. Also possible is for the communication node 1 to obtain MIH
information services from any access network of its provider. MIIS could also be available from another overlapping or
nearby network, using that network’s MIIS point of service. A provisioner’s network (depicted here as coupled with
Access Network 3) may utilize R3 and R4 interfaces to access other MIH entities like the provisioner’s or visited network’s
MIH information server.
[0040] With regard to the MIH Command Service (MICS) the Information Database (far left, mid-way down) depicts
a command service PoS. The communication node’s 1 MIHF typically communicates with this server using a layer three
transport.
[0041] As mentioned above, the 802.21 standard provides, amongst several other features, a mechanism to commu-
nicate available networks to a terminal in a given area, and so, the terminal does not need to scan but directly attempt
to connect to the known networks in its vicinity.
[0042] While MIH goes a long way to spare the terminal certain scans, it is still common to be in a situation where no
networks are available, either because they are not previously registered on the MIH Information Service, or because
the information is outdated. In these cases, the terminal is reduced to non-MIH functionality, which in the following is
called non-MIH operation of MIH-enabled devices. In these situations (or when a terminal is not MIH-enabled at all) the
terminal typically has to scan periodically according to the policies implemented in the terminal in order to detect the
available networks.
[0043] Fig. 2 and Fig. 3 illustrate this situation for the case of a long scanning period (low scan frequency in Fig. 2)
and a short scanning period (high frequency scans in Fig. 3). In both cases the user who moves from point A to point B
leaves the coverage area (indicated by the dashed line circle) of network A, and becomes suddenly disconnected. This
happens at point C. Due to lacking information on available networks, either because of being not MIH-enabled or
because of being MIH-enabled, but in a non-MIH operation mode, the mobile terminal sets on a periodical scan which
is indicated by the triangles. The scanning period TS in Fig. 2 has been chosen much longer than the scanning period
TS’ in Fig. 3, i.e. the time interval between two subsequent scans is longer in the embodiment of Fig.2 than in the
embodiment shown in Fig. 3.
[0044] After entering the coverage area of network B (at point D), the next scan (at point E) detects the network. As
can be obtained from Figs. 2 and 3, in the case of a long scan period the terminal performs only 5 scans between the
disconnection from network A and connection to network B. However, the terminal is not aware of network B, until the
next scan after having entered the coverage area of network B occurs. This results in a long interval with no connection,
as indicated by the stripy area, in spite of the network being available. In a worse case scenario, the scan period TS
could be so long that the user could pass through network B without detecting it, which obviously is not the desired
behaviour.
[0045] In the case of the shorter scan period TS’ of Fig. 3, network B is discovered much earlier after having entered
network B, however, at the cost of many more scans. This results in faster battery depletion. Thus, a clear trade-off
between battery consumption and connectivity time is to be observed.
[0046] Statistically, the expected wasted time (represented by the stripy area in Fig. 2 and Fig. 3, respectively), defined
as the average time until the network is discovered, once it becomes available, is: 

where TS is the scanning period. The longer the scanning period, the bigger the wasted time, i.e. the time the mobile
terminal is not connected although a connection would be available. In the general formula it is assumed that the networks
are uniformly randomly distributed
[0047] Now the case of MIH is considered, in which Network B is registered in the Information Service. In this case,
the terminal already knows the whereabouts of Network B, and does not need to perform any scan. Furthermore, as
soon as it enters the area where network B is known to be available, it will immediately connect. This is an optimal
solution, according to which a minimum number of scans is realized, resulting in the shortest possible wasted time.
However, it is to be considered the stretch with no networks. The terminal knows that MIH doesn’t have information of
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any network being available there, but it has no way of checking. If it is intended to provide connectivity for as long as
possible, one will still have to scan.
[0048] This results in a hybrid scheme, where the terminal does not scan when near a known network, but performs
regular scans when no network is known in the area. In this case, the wasted time is the same as already described
above when the network is not known to MIH, and 0 (or non significant) when the network is registered in the MIH
information server. This is expressed as: 

wherein PR is the probability that a particular network is registered in the Information Service of MIH or, in other words,
the percentage of networks known to MIH. PR is lower or equal to one and, consequently, 1-PR is smaller than 1. Thus,
the wasted time with MIH will always be at most the same as without MIH, but for any known network that is registered
to the Information Service, the wasted time will become smaller.
[0049] Fig. 4 illustrates the wasted time as a function of the scanning period TS. Without MIH, i.e. PR = 0, the wasted
time increases with a slope of © as the scanning period TS increases. In the case where PR is bigger than 0, however,
the slope decreases. In other words, with a certain probability value PR bigger than 0 it is possible to reach a wasted
time equal to an arbitrary threshold by employing a longer scanning period TS. The arbitrary threshold is indicated by
the dashed line.
[0050] Furthermore, the plot in Fig. 4 illustrates an estimate of the battery consumption, which is closely linked to the
scanning period TS. The more often the scanning is carried out by the terminal (small TS), the more battery will be used.
This effect is illustrated by the dotted line. Given an arbitrary threshold, when PR is bigger than 0, one can achieve
significantly lower power consumptions than in the case where PR is 0, or there is no MIH available, respectively. Thus,
if the probability PR was known, it would be possible to calculate an optimal scanning period as that which provides the
same wasted time as without MIH. By equalling both equations indicated above one obtains: 

[0051] This constitutes a value for the scanning time that depends on the expected threshold, given by TS and PR.
Using such a scanning period optimizes the usage of battery and still provides the same level of connectivity as without
MIH.
[0052] The proposed formula is a simple embodiment on how TS can be calculated in relation to a target performance,
provided by the wasted time without MIH. More advanced methods could consider, for instance, to allow the user to
configure his scanning more aggressively (and battery consuming) by choosing a shorter scanning period, as a deviation
of the optimally calculated period. In normal deployments, where the scanning period TS without MIH might not be
available, the period can be calculated using a constant which is empirically adjusted. Moreover, the scanning period
TS is specific to the area in which the user is at the moment. Larger or smaller areas could be considered for the purpose
of the estimation of PR.
[0053] Regarding a possible calculation of the probability values PR, an estimation of how many of the existing networks
(in a given area) MIH really knows about is conducted. In this context it is especially advantageous to provide a mechanism
that enables users to upload information regarding the networks they really detect in their surrounding area. Using this
information, the MIH Information Service can check if it already knows about this network, and, in the case it doesn’t,
keep the information.
[0054] If the Information Service is updated by messages on the part of users in the field reporting on networks, which
were not yet known to the Information Service, PR will be increased, thus improving the gain in terms of lower battery
consumption of scanning mobile terminals due to reduced scanning periods. By checking how many of the reported
networks were already known, and how many were new, the Information Service can produce an estimate of the probability
value PR and send it down to the terminals, which then will adjust their scan periods accordingly.
[0055] A basic state diagram of the algorithm running at the Information Server to calculate PR in a given area according
to an exemplary embodiment is depicted in Fig. 5.
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[0056] Fig. 5 just shows a simple example of how PR estimation is dynamically recalculated by the Information Server,
based only in the fact of having previous knowledge or not of the network the user is uploading to the server. Additionally,
more advanced algorithms can make use of further parameters in order to make the estimation of PR more accurate.
For instance, when no new networks are discovered in an area over a long period of time, i.e. the Information Service
doesn’t receive any reports of not yet known networks, this can be interpreted as a strong hint that no networks exist
further to the ones already registered to the Information Server. As a reaction, in such a case the probability value PR
can steadily increase towards 1. The value can be transmitted to a user’s terminal, thus enabling the user to adjust his
scanning period TS, in the case described by reducing TS in order to save battery power. However, if no user at all
reports on available networks in the area for a long period of time, the PR should decay, to represent the lack of freshness
of the information.
[0057] To further increase the accuracy of the PR estimation, terminal capabilities may be considered in the measure-
ments, so that, for instance, extraordinarily long ranged cell phones do not report networks from distant areas, which
would decrease PR although the reported network in fact is not available. In a similar way certain measurements can
be conducted before a network is considered as new. By these measurements e.g. moving networks or simple spam is
prevented from being reported.
[0058] The estimation of PR is specific to each area, wherein the area boundaries are established according to con-
figurable criteria. In particular, the boundaries can be adapted from time to time. For instance, the areas for which a
specific probability value is PR estimated may be broadened in case of a low density of user population (with only few
user reports to the Information Service during a given time interval). Additionally, the determination of the area will
depend on the positioning mechanism provided by MIH. The areas will usually be bigger than the maximum resolution
of the positioning system. Furthermore, for a given area PR may be different for each of the different access technologies
(Wimax, WiFi, etc...).
[0059] The mobile terminal will use the PR estimation to adapt its scanning period TS. This is, as an example, for a
very low PR estimation the scanning period TS will be rather high.
[0060] In other words, since the mobile node knows that the knowledge of the networks around him is poor, it decides
to scan very frequently searching for possible networks to connect to. On the other hand, if the PR estimation is very
high, the user will drastically reduce his scanning period TS, as he is already almost completely aware of the situation
of available networks in his vicinity. It is to be noted that the sending of the probability value PR from the Information
Service to the user terminals might include not only the current area, but also the neighbouring ones. Additionally the
particular embodiment can choose whether to send an averaged PR for a large area, or rather transmit more fine grained
values for a set of smaller, adjacent areas. In this context it can be provided that users are enabled to specify their
individual preferences regarding the area they wish to receive information about from the Information Service.
[0061] Until now it has been assumed that the probability PR is calculated by the Information Service and is then
(maybe upon a request by a user’s terminal, as the case may be) transmitted from the Information Service to the terminals
where the scanning period TS is optimized. This implementation is highly individualized as each terminal can calculate
its own scanning period thereby taking into consideration not only the probability PR itself, but additional parameters as
described above. The drawback, however, is slightly increased energy consumption on the terminal side due to the
necessary calculation operation (which is, however, overcompensated by the energy savings due to the optimally adjusted
scanning period). In another implementation it is also possible, that the scanning period TS is calculated in the server
side and is then transmitted to the terminals.
[0062] It is important to highlight that, even though the exemplary embodiment has been explained using MIH, it is to
be understood that the invention expands to any mechanism or protocol of similar functionality as MIH, which on the
one hand allows for reporting network information to users and, on the other hand, allows users to upload network
information based on their own network measurements.
[0063] Many modifications and other embodiments of the invention set forth herein will come to mind the one skilled
in the art to which the invention pertains having the benefit of the teachings presented in the foregoing description and
the associated drawings.
[0064] Therefore, it is to be understood that the invention is 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.
Although specific terms are employed herein, they are used in a generic and descriptive sense only and not for purposes
of limitation.

Claims

1. Method for optimizing the scanning process of a mobile terminal, the scanning process being performed by the
mobile terminal in order to discover an available network to which a connection is possible, wherein at least a part
of existing networks is registered to a server, wherein said server provides its information regarding the registered
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networks to the mobile terminal, and wherein the scanning period of the mobile terminal is dynamically adjusted on
the basis of information provided by the server,
characterized in that a probability PR is estimated that a network is registered in the server, wherein PR gives the
percentage of networks that are known to the server,
wherein users are enabled to report networks to the server, the reports being employed by the server, after having
performed a plausibility check according to configurable criteria, to update its knowledge of existing networks,
wherein the probability PR is dynamically recalculated by the server on the basis of said plausibility checked network
reports received from users, wherein the probability PR is increased by the server each time it receives a user report
regarding a network of which the server had previous knowledge already, and wherein the probability PR is decreased
each time the server receives a user report regarding a network of which the server had not yet previous knowledge,
and
wherein the mobile terminal’s scanning period is determined on the basis of said estimated probability PR, wherein
the scanning period is shortened the lower the estimated probability value PR is.

2. Method according to claim 1, wherein the plausibility check includes a measurement to identify a network reported
by a user as a moving network.

3. Method according to claim 1 or 2, wherein the plausibility check includes a measurement to check whether the
server receives a configurable number of reports from different users containing the same readings within a con-
figurable time period.

4. Method according to any of claims 1 to 3, wherein terminal capabilities of a network reporting user are taken into
consideration in the framework of the plausibility check.

5. Method according to any of claims 1 to 4, wherein the probability PR is steadily increased towards the value 1, if the
server receives no user reports of yet unknown networks over a long period of time.

6. Method according to any of claims 1 to 5, wherein the probability PR is decreased in the case that the server does
not receive any user reports for a long period of time.

7. Method according to any of claims 1 to 6, wherein machine learning techniques are employed to predict the amount
of unknown networks.

8. Method according to any of claims 1 to 7, wherein the estimation of the probability PR is performed specific to a
certain geographic area.

9. Method according to any of claims 1 to 8,wherein the individual probabilities PR for each specified area may be
stored by the server in a spatial database or by means of a GIS (Geoinformation Service) storage mechanism.

10. Method according to claim 8 or 9, wherein a probability PR that is valid for a certain area is also transmitted to areas
neighboured to said area.

11. Method according to any of claims 1 to 10, wherein an individual probability PR is calculated for each of the different
access technologies.

12. Method according to any of claims 1 to 11, wherein the calculated probability value PR is transmitted to the mobile
terminal and wherein the scanning period TS is calculated on the part of the mobile terminal on the basis of the
received probability value PR.

13. Method according to any of claims 1 to 11, wherein the scanning period TS is calculated by the server or by an
external application and wherein the calculated scanning period TS is transmitted to the mobile terminal.

14. Method according to any of claims 1 to 13, wherein the MIIS, Media Independent Information Service, defined in
the IEEE 802.21 is employed for the transmission of the probability PR value and/or the scanning period TS from
the server to the mobile terminal by adding a new Information Element, IE, to the MIIS.
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Patentansprüche

1. Verfahren zur Optimierung des Scanvorgangs eines mobilen Endgeräts, wobei der Scanvorgang von dem mobilen
Endgerät durchgeführt wird, um ein verfügbares Netzwerk zu ermitteln, mit dem eine Verbindung möglich ist, wobei
zumindest ein Teil existierender Netzwerke an einem Server registriert ist, wobei der Server dem mobilen Endgerät
seine Informationen bezüglich der registrierten Netzwerke bereitstellt und wobei die Scanning-Periode des mobilen
Endgerätes auf der Grundlage der von dem Server bereitgestellten Informationen dynamisch angepasst wird,
dadurch gekennzeichnet, dass eine Wahrscheinlichkeit PR, dass ein Netzwerk an dem Server registriert ist,
geschätzt wird, wobei PR den Prozentsatz von Netzwerken angibt, die dem Server bekannt sind,
wobei Nutzer Netzwerke an den Server melden können, wobei die Berichte von dem Server, nachdem er eine
Plausibilitätsprüfung gemäß konfigurierbaren Kriterien durchgeführt hat, verwendet werden, um sein Wissen über
existierende Netzwerke zu aktualisieren,
wobei die Wahrscheinlichkeit PR von dem Server auf der Grundlage der von Nutzern empfangenen, auf Plausibilität
geprüften Netzwerkberichte dynamisch neu berechnet wird, wobei die Wahrscheinlichkeit PR durch den Server
jedes Mal erhöht wird, wenn er einen Nutzerbericht betreffend ein Netzwerk empfängt, von dem der Server bereits
vorher Kenntnis hatte, und wobei die Wahrscheinlichkeit PR jedes Mal verringert wird, wenn der Server einen
Nutzerbericht betreffend ein Netzwerk empfängt, von dem der Server noch keine Vorkenntnis hatte, und
wobei die Scanning-Periode des mobilen Endgeräts auf der Grundlage der geschätzten Wahrscheinlichkeit PR
bestimmt wird, wobei die Scanning-Periode verkürzt wird, je niedriger der geschätzte Wahrscheinlichkeitswert PR ist.

2. Verfahren nach Anspruch 1, wobei die Plausibilitätsprüfung eine Messung umfasst, um ein von einem Nutzer ge-
meldetes Netzwerk als ein sich bewegendes Netzwerk zu identifizieren.

3. Verfahren nach Anspruch 1 oder 2, wobei die Plausibilitätsprüfung eine Messung umfasst, um zu prüfen, ob der
Server eine konfigurierbare Anzahl von Berichten von unterschiedlichen Nutzern, welche dieselben Angaben ent-
halten, innerhalb einer konfigurierbaren Zeitspanne empfängt.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei Fähigkeiten des Endgeräts eines Netzwerk berichtenden
Nutzers im Rahmen der Plausibilitätsprüfung berücksichtigt werden.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Wahrscheinlichkeit PR stetig in Richtung des Wertes 1
erhöht wird, falls der Server über eine lange Zeitdauer keine Nutzerberichte über noch unbekannte Netzwerke
empfängt.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei die Wahrscheinlichkeit PR herabgesetzt wird, falls der Server
für eine lange Zeitdauer keine Nutzerberichte empfängt.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei Techniken des maschinellen Lernens verwendet werden, um
die Menge unbekannter Netzwerke vorherzusagen.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei die Abschätzung der Wahrscheinlichkeit PR spezifisch für ein
bestimmtes geografisches Gebiet durchgeführt wird.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei die individuellen Wahrscheinlichkeiten PR für jedes spezifische
Gebiet von dem Server in einer räumlichen Datenbank oder mittels eines GIS (Geoinformation Service) Speicher-
mechanismus gespeichert werden können.

10. Verfahren nach Anspruch 8 oder 9, wobei eine Wahrscheinlichkeit PR, die für ein bestimmtes Gebiet gültig ist, auch
an zu dem Gebiet benachbarte Gebiete übertragen wird.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei für jede der unterschiedlichen Zugangstechnologien eine
individuelle Wahrscheinlichkeit PR berechnet wird.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei der berechnete Wahrscheinlichkeitswert PR an das mobile
Endgerät gesendet wird und wobei die Scanning-Periode TS seitens des mobilen Endgeräts auf der Basis des
empfangenen Wahrscheinlichkeitswertes PR berechnet wird.

13. Verfahren nach einem der Ansprüche 1 bis 11, wobei die Scanning-Periode TS von dem Server oder von einer
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externen Anwendung berechnet wird und wobei die berechnete Scanning-Periode TS an das mobile Endgerät
übertragen wird.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei der im IEEE 802.21 definierte MIIS, Media Independent
Information Service, für die Übertragung des Wertes der Wahrscheinlichkeit PR und/oder der Scanning-Periode TS
vom Server zum mobilen Endgerät durch Hinzufügen eines neuen Informationselements, IE, zu dem MIIS verwendet
wird.

Revendications

1. Procédé d’optimisation du processus de balayage d’un terminal mobile, le processus de balayage étant mis en
oeuvre par le terminal mobile en vue de découvrir un réseau disponible auquel une connexion est possible, dans
lequel au moins une partie des réseaux existants est enregistrée sur un serveur, dans lequel ledit serveur fournit
ses informations concernant les réseaux enregistrés au terminal mobile, et dans lequel la période de balayage du
terminal mobile est ajustée dynamiquement sur la base d’informations fournies par le serveur ; caractérisé en ce
qu’une probabilité PR qu’un réseau soit enregistré auprès du serveur est estimée, dans lequel la probabilité PR
indique le pourcentage de réseaux connus du serveur ;
dans lequel des utilisateurs sont habilités à signaler des réseaux au serveur, les rapports étant employés par le
serveur, suite à la mise en oeuvre d’une vérification de plausibilité selon des critères configurables, en vue d’actualiser
sa connaissance de réseaux existants ;
dans lequel la probabilité PR est recalculée dynamiquement par le serveur sur la base desdits rapports de réseau
à plausibilité vérifiée reçus en provenance d’utilisateurs, dans lequel la probabilité PR est augmentée par le serveur
à chaque fois qu’il reçoit un rapport d’utilisateur concernant un réseau pour lequel le serveur avait déjà une con-
naissance préalable, et dans lequel la probabilité PR est diminuée à chaque fois que le serveur reçoit un rapport
d’utilisateur concernant un réseau pour lequel le serveur n’avait pas encore de connaissance préalable ; et
dans lequel la période de balayage du terminal mobile est déterminée sur la base de ladite probabilité estimée PR,
dans lequel plus la valeur de probabilité estimée PR est faible, plus la période de balayage est écourtée.

2. Procédé selon la revendication 1, dans lequel la vérification de plausibilité inclut une mesure visant à identifier un
réseau signalé par un utilisateur en qualité de réseau en mouvement.

3. Procédé selon la revendication 1 ou 2, dans lequel la vérification de plausibilité inclut une mesure destinée à vérifier
si le serveur reçoit un nombre configurable de rapports provenant d’utilisateurs différents, contenant les mêmes
résultats, au cours d’une période de temps configurable.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel les capacités de terminaux d’un utilisateur
de signalement de réseau sont prises en compte dans l’infrastructure de la vérification de plausibilité.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel la probabilité PR est augmentée progressi-
vement vers la valeur « 1 », si le serveur ne reçoit aucun rapport d’utilisateur de réseaux encore inconnus sur une
longue période de temps.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel la probabilité PR est diminuée dans le cas
où le serveur ne reçoit pas de rapports d’utilisateur au cours d’une longue période de temps.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel des techniques d’apprentissage machine
sont employées en vue de prédire la quantité de réseaux inconnus.

8. Procédé selon l’une quelconque des revendications 1 à 7, dans lequel l’estimation de la probabilité PR est mise en
oeuvre de manière spécifique en fonction d’une zone géographique donnée.

9. Procédé selon l’une quelconque des revendications 1 à 8, dans lequel les probabilités individuelles PR pour chaque
zone spécifiée peuvent être stockées par le serveur dans une base de données spatiale, ou au moyen d’un méca-
nisme de stockage de services d’informations géographiques (GIS).

10. Procédé selon la revendication 8 ou 9, dans lequel une probabilité PR qui est valable pour une zone donnée est
également transmise à des zones voisines de ladite zone.
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11. Procédé selon l’une quelconque des revendications 1 à 10, dans lequel une probabilité individuelle PR est calculée
pour chacune des différentes technologies d’accès.

12. Procédé selon l’une quelconque des revendications 1 à 11, dans lequel la valeur de probabilité calculée PR est
transmise au terminal mobile, et dans lequel la période de balayage TS est calculée sur la partie du terminal mobile,
sur la base de la valeur de probabilité reçue PR.

13. Procédé selon l’une quelconque des revendications 1 à 11, dans lequel la période de balayage TS est calculée par
le serveur ou par une application externe, et dans lequel la période de balayage calculée TS est transmise au
terminal mobile.

14. Procédé selon l’une quelconque des revendications 1 à 13, dans lequel le service d’informations indépendant du
support (MIIS) défini dans la norme IEEE 802.21 est employé pour la transmission de la valeur de probabilité PR
et/ou de la période de balayage TS, du serveur au terminal mobile, en ajoutant un nouvel élément d’information, IE,
au service MIIS.
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