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AN APPARATUS AND A METHOD FOR DETERMINING A ROUTE FROM A
FIRST LOCATION TO A SECOND LOCATION

Field

Examples relate to navigation methods for improved connectivity to a mobile communica-
tion network. In particular, examples relate 10 a mcthod as well as an apparatus for deter-

mining a route from a {irst locatton to a second location.

Background

A problem faced by mobile communication network providers is the exponential growth in
network traffic demand. For example, mobile users moving at higher speeds (e.g. while
driving) may be particularly disadvantaged since they may switch between network cover-
age areas which are well catered and coverage holes, or traverse very crowded arcas (result-
ing 1n reduced network performance). This may impair a Quality of Service (QoS) experi-
cnced by a uscr since the uscr may, e.g., experience connection termination, low data rates,

or high latency.

In view of the forcgoing problems, document US 9,043,135 B2 proposes a navigation meth-
od which takes into account wireless network coverage map data when selecting a route for
a user. However, the methoed takes into account merely static coverage map data. The meth-
od does not take into account any data concerning a current state (e.g. load or latency) of a
network access point or an cvolution of the network. Hence, a selected route may guide a
user, e.g., through crowded areas resulting in a poor QoS for the user (e.g. due to a low data

rate or a hugh latency of the network in the crowded area).

Document US 2013/0024107 Al proposes a navigation method taking into account current
network accessibility information when determining a route for a user. However, the meth-
od takes into account merely information on the current state of a network access point. For
example, multiple users contemporaneously requesting a route from a given origination lo-

cation Lo a destination location are routed along the same path. Hence, although the current
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network states may be acceptable or good, the users may experience network congestion

due to the overlapping routes. Accordingly, a QoS experienced by a user may be impaired.

Document US 2014/0379252 Al proposes a method for operaling a navigation system of a

motor vehicle.

In document US 2010/0330991 A1, GPS assisted network administration is proposed.

Document Tarik Taleb et al., “VECOS: A Vehicular Connection Steering Protocol”, 1EEE
TRANSACTIONS ON VEHICULAR TECHNOLOGY, Vol. 64, No. 3, March 2015, pages
1171- 1187 proposes a methed for selecting the most adequate radio access out of the avail-

able access technologics,

Hence, from a network provider’s perspective, there may be a desire for a navigation meth-
od allowing to manage and guide traffic into areas with good coverage, high capacity and
low load. From a user’s perspective, there may be a desire for a method maximizing net-

work coverage and QoS along a route,

Summary

According to a first aspect of the present disclosure, it is provided a method for determining
a route from a first location to a second location. The method comprises receiving a request
for determining a route from the first location to the second location. The request comprises
information on the first location and information on the second location. The method further
comprises receiving information on predicted future states of a plurality of network access
points providing access to a mobile communication network, whercin coverage areas of the
plurality of network access points at least partly cover an area between the first location and
the second location. Further, the method comprises calculating the route from the first loca-
tion to the sccond location based on the request and the information on the predicted future

states of the plurality of network access points.
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In some examples, the method further comprises sending information on the calculated

routc to the apparatus having issued the request for determining a route from the first loca-

tion to the second location.

According to some cxamples, prior to receiving information on the predicted tuture states of
the plurality of network access points, the method further comprises sending a request for
information on the predicted future state of one of plurality of network access point to the
one network access point, a control unil of the one network access point, or a server of a

provider of the mobile communication nctwork.

In some examples, the predicted future state of at least one of the plurality of network access

points compriscs information on a predicted future QoS of the nctwork access point.

According to some examples, the predicted future QoS is based on a second request for de-
termining a route from a third location 10 a fourth location, the request comprising infor-
mation on the third location and information on the fourth location, wherein the second re-
quest and the request for determining the route from the first location to the second location

are issued {rom different apparatuses.

In some examples, the second request is issued within a coverage arca of a network access

poini, the network access point having a predetermined maximum distance to the first loca-

tion.

in some examples, the second request is issucd within a coverage area of a network access
point, the network access point having a predetermined maximum distance 1o a straight

connecting the first location and the second location.

According to some examples, the sccond request is issued within a predetermined time
frame preceding the time of reception of the request for determining the route from the first

location to the second location.

in some examples, the predicted future QoS is based on a QoS history of the network access

point.
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According to some examples, calculating the route from the first location to the second loca-
tion is further based on information on the current states of the plurality of network access

points.

In some examples, the request detcrmining the route from the first location to the second
location further comprises information on a desired network parameter, wherein calculaiing
the route from the first location to the second location is further based on the desired net-

work parameiter.

According to some examples, the desired network parameter is a minimum data rate of the
network, a maximum latency of the network, a transmission technology supported by the
network, a maximum load of the network, a maximum packet loss rate of the network, or an

assured network availability along the route from the first location to the second location.

In some examples, the request [urther comprises information on a desired routc parameter,
wherein calculating the route from the first location to the second location is turther based

on the desired route parameter.

According to some examples, the desired route parameter 15 a maximum increase in travel
time compared to a shortest travel time between the first location and the second location, or
a maximum increase in route distance compared to a shortest route distance between the

first location and the second location.

In some cxamples, the method further comprises receiving updated information on the pre-
dicted future state of at least one of the plurality of network access points, and recalculating
at least part of the route from the {irst location to the second location based on the updated

information on the predicted future state of the network access point.

According to a second aspect of the present disclosure, it is provided a computer program
having a program code for performing one of the above methods, when the computer pro-

gram is executed on a computer or processor.

According to a third aspect of the present disclosure, it is further provided an apparatus for

determining a routc from a first location to a second location. The apparatus comprises a
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first interface configured to receive a request for determining a route from the first location
10 the second location. The request comprises information on the first location and infor-
mation on the second location. The apparatus further comprises a second interface config-
ured to receive information on predicted future states of a plurahty of network access points
providing access to a mobile communication network, wherein coverage areas of the plurali-
ty of network access points at least partly cover an area between the first location and the
sccond location. Further, the apparatus comprises a processor unit configured to calculate
the route from the first location 1o the second location based on the request and the infor-

mation on the predicted future states of the plurality of network access points.

Brief description of the Figures

Some embodiments of apparatuses and/or methods will be described in the following by

way of example only, and with reference to the accompanying figures, in which

Fig. 1 illustrates a flowchart of an example of a method for determining a route from a first

location to a second location:

Fig. 2 illusirates a comparison between a conventionally determined route and a route de-

termined according to cxamples described herein;

Fig. 3 illustrates a comparison between a conventionally determined route and routes deter-

nined according to examples described herein; and

Fig. 4 illustrates an example of an apparatus for determining a route from a first location to

a second location.

Detailed Description
Vartous examples will now be described more fully with reference to the accompanying
drawings in which some examples are illustrated. In the figures, the thicknesses of lines,

layers and/or regions may be exaggerated for clarity.

Accordingly, while further examples are capable of various modifications and alternative

forms, some particular examples thereot are shown in the figures and will subsequently be
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described in detail. However, this detailed description does not limit further examples to the
particular forms described. Further examples may cover all modifications, equivalents, and
alternatives falling within the scope of the disclosure. Like numbers refer to like or similar
elements throughout the description of the figures, which may be implemented 1dentically or

in moditied form when compared to one another while providing for the same or a similar

functionality.

It will be understood that when an element is referred to as being “connected” or “coupled”
to another element, the elements may be directly connected or coupled or via one or more
intervening elements. In contrast, when an element is referred to as being “directly connect-
ed” or “directly coupled” to another element, there are no intervening elements present.
Other words used to describe the relationship between elements should be interpreted in a
like fashion (e.g., “between” versus “directly between,” “adjacent™ versus “directly adja-

cent”, to name just a few examples).

The terminology used herein is for the purpose of describing particular examples and is not
intended to be limiting for further examples. Whenever a singular form such as “a,” “an”
and “the” is used and using only a single element is neither explicitly or implicitly defined
as being mandatory, further examples may also use plural elements to implement the same
functionality. Likewise, when a functionality is subsequently described as being implement-
ed using multiple elements, further examples may implement the same functionality using a
single element or processing entity. It will be further understood that the terms “comprises.”
“comprising,” “includes™ and/or “including,” when used, specify the presence of the stated
features, integers, steps, operations, processes, acts, elements and/or components, but do not
preclude the presence or addition of one or morc other features. integers, steps, operations.

processcs, acts, elements, components and/or any group thereof.

Unless otherwise defined. all terms (including technical and scientific terms) are used herein

in their ordinary meaning of the art to which the examples belong, unless expressly defined

otherwise herein.

Fig. 1 illustrates a flowchart of a method 100 for determining a route from a first location to
a second location. The route is a specific, precise way from the first location 1o the second

location. The route comprises one or more segments (sections). A segment may, for exam-
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ple, be related to a certain type of road (e.g. highway, country road, rural road etc.} or a spe-
cific road section of the route. For example, a route may comprise four segments, wherein a
first segment of the route is a road section of a rural road, a second section of the route is a
road section of a highway, the third segment of the route is a road section of a country road,

and the fourth segment is a road section of another rural road.

Method 100 comprises receiving 102 a request for determining a route from the first loca-
tion to the second location. For example, the request may be received from a User Equip-
ment {(UE), i.e. any device used directly by an end-user to communicate. A UL may, e.g., be
a cell phone, a smartphone, a personal digita! assistant, a tablet computer or a laptop com-
puter. The request may, e.g., be sent from a navigation application or program executed on
the UE. In some examples, the request may be sent from an automotive navigation system
or an infotainment system of a vehicle — cither directly or routed via a UE. The request may

be sent via, ¢.g., a cellular network and/or a Wireless Local Area Network (WLAN).

The request comprises information on the first location and information on the second loca-
tion. For example, the request may contain the position data of at least one of the first and
the second location. In some examplces, the information on the first location or the infor-
mation on the second location may be other information like an address, a name or a desig-
natton ol the first or second location, which may be converted to actual position data of the
first or second location suitable for route calculation (determination). The first location may
be cqual to or different from a current location of a user / apparatus issuing the request. For
example, if a user’s current location is selected as the first location by the user, the uscr’s
UE / navigation application / automotive navigation system etc. may, ¢.g., usc base station
triangulation, or Global Position System (GPS) information for determining the information
on the first location. In some examples, the user may enter the address of the first location
and/or second location into a navigation application or program, or sclect the first location
and/or sccond location on a map of the navigation application or program. The request may
additionally comprise further information, e.g., a desired travel start time or a desired arrival
time at the second location. In some example, if the first location is different trom the cur-
rent location of the user, the request may further contain information that the first location is
different from the current location of the user, so that the transfer of the user from his / her

current location to the first location may be taken into consideration in the subsequent
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course of the route determination. Again, the current location may, e.g., be determined using

base station triangulation or GPS information.

The method 100 further comprises receiving 104 information on predicted future states of a
plurality of network access points providing access o a mobile communication network.
Generally, a nctwork access point is a hardware device that allows a wireless device (e.g. a
UE or an infotainment system of a vehicle) to connect to a dedicated network (e.g. a cellular
network or a WLAN) using one or more transmission standards. The mobile communication
network may, for cxample, correspond to one of the mobile communication systems stand-
ardized by the 3rd Generation Partnership Project (3GPP), e.g., Global System for Mobile
Communicattons {GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM EDGE
Radio Access Network (GERAN), High Speed Packet Access (HSPA), Universal Terrestrial
Radio Access Network (UTRAN) or Evolved UTRAN (E-UTRAN), Long Term Evolution
(LTE) or LTE-Advanced (LTE-A), or mobile communication networks with different
standards, e.g. Worldwide Interoperability for Microwave Access (WIMAX) 1IEEE 802.16
or WLAN IEEE 802.11, gencrally any system based on Time Division Multiple Access
(TDMA), Frequency Division Multiple Access (FDMA), Orthogonal Frequency Division
Muitiple Access (OFFDMA), Code Division Multiple Access (CDMA), etc.

The information on the predicted future states of the plurality of network access points may,
c.g., be received from a network provider, or a central contro} node of the mobile communi-
cations nectwork. In some examples, the information on the predicted future states of the
plurality of network access points may be received from the network access points or con-
trol uniis of the network access points. For exampile, for the network access point compris-
ing a Base Transceiver Station (BTS) ol a GSM mobile communications system. the infor-
mation on the predicted future state of the BTS may be received from the BTS itself or a
Base Station Controller {BSC) controlling the BTS. For the network access point compris-
ing a Node B of a UMTS mobile communications system, the information on the predicted
future state of the Node B may be received from the Node B itself or a Radio Network Con-
troller {(RNC') controlling the BTS. For example, for the network access point comprising an
eNodeB of a LTE mobile communications system, the information on the predicted {uture

state of the eNodeB may be received from the eNodeB.
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Prior to recciving 104 the information on the predicted fuwure states, the method may op-
tionally comprise sending a request for information on the predicted future state on one or
more of the plurality of network access points to, e.g., onc or more of the network access
points, one or more control units of the network access points, a central control node of the

mobile communications network, or a server of the network provider.

The state of a network access point is a quantity describing the accessibility of the network
via the network access point and the performance of the network access provided by the
network access poinl. For example, the state of the network access point may include a QoS
of the network access point. The QoS is the overall performance of the network provided by
the network access point, which is seen by the user. The QoS may be qualitatively deter-
mined by, c.g., weighting one or more of the following factors: a minintum data rate of the
network, a maximum data rate of the network, an actual (predicted) data ratc of the network
at a certain time instant, a minimum latency of the network, an actual (predicted) latency of
the network at a certain time instant, a transmission technology supported by the network.
an actual (predicled) bandwidth of the network at a certain time instant, a maximum load of
the network, an actual (predicted) load of the network at a certain time instant, an actual
(predicted) error rate of the network at a certain time instant, an actual (predicted) packet
loss rate of the network at a certain time instant, and an actual (predicted) jitter of the net-
work at certain time instant. However, the state of the network access point is not limited to
the above example. In some examples, other quantities than the QoS may be used to de-
scribe the state of the network access point. For cxample, the state of the network access
point may be determined by a combination of the actual (predicted) bandwidth and an actual
(predicted) load (capacity) of the network provided by the network access point. In other
words, the state of a network access point may comprise any quantity suitable for describing

the actual (predicted) quality of the network provided by the network access point at a cer-

tain lime instant.

In the proposed concept, predicted future states of a plurality of network access points are
received. That is. the method uses predicted quantities describing expected future states of
the network access points. In some examples, state predictions for different future time in-
stants may be used for differeni ones of the plurality of network access points. A state pre-
diction for a first future time instant may be used for a first one of the plurality of network

access points, whereas a state prediction for a different second future time instant may be
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used for a second one of the plurality of network access points. The state predictions may, in
some examples, be related to expected or desired future time instants of passing the cover-
age areas of the respective network access points. The expected or desired future time in-
stant of passing the coverage area of a nelwork access point may, e.g., be determined on the
basis of additional information {e.g. desired travel start time, desired arrival time, a required
transfer of a user from its current location to the second location) contained in the request
for route detcrmination, or current location information of the user / apparatus. For example,
the predicted future state of one or more of the plurality of network access points may in-
clude a predicted future QoS, a predicted load ctc. of the network access point. The predict-
ed future state of a network access point may, ¢.g., be based on a history of the staie of the
network access point. For example, a predicted future QoS may be calculated or extrapolat-
ed based on a QoS history of the network access point. In the absence of any trigger events
indicating a change 1n characteristics of the network provided by a network access point. the
current state of the network access point may, in some examples, be used as predicted future

state of the network access point.

A trigger event indicating a change in characteristics of the network provided by a network
access poinl may be other/lurther requests for detcrmining a route. For example, a second
request (issued from a different apparatus / user) for determining a route from a third loca-
tion to a fourth location, wherein the request comprises information on the third location and
information on the fourth location, may allow to cstimate or predict an evolution of charac-
teristics of the network provided by a network access point. The second request may, e.g.,
be issucd within a coverage area of a network access point which has a predetermined max-
imum distance (e.g. 100 meters (m), 250 m, 500 m, 750 m, 1 kilometer (km), 1.5 km, 2 km,
2.5 km, or § km) to the first location. Alternatively, the second request may, for example, be
issued within a coverage area of a network access point which has a predetermined maxi-
mum distance (e.g. 100 m, 250 m, 500 m, 750 m, 1 km, 1.5 km, 2 ki, 2.5 km, or Skm)to a
straight connecting the first location and the sccond location. From the second request, it
may be determined that the user or vehicle issuing the second request will probably pass the
coverage of the network access point, and hence use the network access point for connecting
to the mobile communication network, Accordingly. a load, a latency, an emror rate or any
other parameter of the network provided by the network access point may change. Hence,
the characteristics of the network provided by the network access point may change. By

analyzing the second request, the impact of the request on the evolution of the network may
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be estimated (predicted). so that a (probable) future state of the network access point may be

determined.

In some examples, the second request may be issued within a predeterminced time {rame
(e.g. 5, 10, 15, 20, 25 or 30 minutes) preceding the time of reception of the request for de-
termining the route from the first location to the second location. Accordingly, the latest
route requests - having a higher relevance - are considered. Past route requests (i.e. route
requests issued outside the predetermined time frame) may thus be rejected, since the users /
vehicles issuing these requests likely already passed (lefi) the coverage areas of interest, so
that they probably do not affect the network characteristics in these coverage areas al the

time the user / vehicle will pass them.

Further details on using other route requests for predicting the evolution of the state of a

network access point are described in connection with Fig. 3.

The respective coverage areas of the plurality of network access points used by the proposed
method cover at least partly an area between the first location and the second location. It is
to be noted that the “arca between the first location and the second location™ is not limited to
the area defined by the straight connecting the first location and the second location. Rather,
the area between the first location and the second location comprises any location having
predefined maximum orthogonal distance to the straight connecting the {irst location and the
second location. The predefined maximum orthogonal distance may, in some examples,
vary based on a distance between the first location and the second location. For example, the
predefined maximum orthogenal distance may be 100 m, 250 m, 500 m, 750 m, 1 km, 1.5
km, 2 km, 2.5 km, 5 km, 7.5 km, 10 km, 20 km, 25 km. 50 km, 100 km, or any other suita-
ble value. Since only part of the coverage area of a network access point is to be located
between the first location and the second location. the network access point itselt may be
located outside the area between the first focation and the second location. However, the
plurality of network access points may, in some examples, comprise not all network access
points having a coverage area between the first and the second location. In other words, the
plurality of network access points used by the proposed method may be a subset of all avail-
able network access points having respective coverage areas between the first and second
locations. For example, the plurality of network access points may comprtse only network

access points whose respective coverage areas have a predelined maximum (orthogonal)
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distance to {a segment of} a possible route from the first location to the second location (fur-

ther details on possible routes are described in the next paragraph).

The method 100 further comprises calculating 106 a route from the first location to the scc-
ond location based on the information contained in the (received) request and the (received)
information on the predicted future states of the plurality ol network access points. For ex-
ample, an algorithm may be used directly taking into account the information on the first
and second location and the information on the predicted future states of the plurality of
network access points. ‘The algorithm may be based on conventional approaches for, e.g.,
calculating a route with a shortest travel time or a route with a shortest route distance. The
algorithm may, e.g., be based on Dijkstra's algorithm, hub labeling, transit node routing or
other concepts. For example, the predicted future state of a network access point may be
used as a weighting or quality factor for a road section (segment of the route) passing the
coverage area of a network access point. Accordingly, possible segments of the route may
be weighted by the network quality along the respective scgment. As a consequence, a route
may be calculated, which comprises (almost) only route scgments providing a minimum
network quality. However, the proposcd concept is not limiled to the above example. Ra-
ther, various algorithms/approaches or modifications to conventional algorithms/approaches
(not taking into account predicled fulure states) may be possible. In alternative examples, a
plurality of (possible) routes (i.e. two or more routes) may be calculated conventionally, i.e.
without taking into account the information on the predicted future states ol the plurality of
network access points, in a first step and a quality value or a score for each of the routes
may be determined based on the information on the predicted future states of the plurality of
network access points along the possible routes in a further step. Accordingly, the route with

the best quality value or a score may be presented to the user in a still further step.

Information on the calculated route from the first location to the second location may then
be sent to the apparatus having issued the request for route determination. For example, the
information on the calculated route may be provided to the UE of a user, a vehicle naviga-

tion system, or an infotainment system of a vehicle.

The proposed imethod 100 may allow to determiine a route from the first location to the sec-
ond location with improved network coverage, capacity ctc. Accordingly, a user may expe-

rience an improved QoS of the mobile communication network along the proposed route
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compared to conventional approaches. By taking into account future predicted states of po-
tential network access points for determining a route, a route may be determined which like-
ly offers the best network properties during the actual period of journcy (which 1s in the
future). For a user, an additional option in addition to conventional route options {e.g. short-
est trave] time, shortest route distance) is provided, so that a pool of options for the user is
increased. Moreover, the proposed method may allow a network provider to collect infor-
mation on curtentl and/or future network usage (including the probable location and type of
usage). By taking into account this data, future states of network access poinis may be pre-
dicted, so that an evolution of the mobile communications network may be determined with
increased precision and probability. Morcover, a network provider may be allowed to con-
trol network traffic by guiding users along routes with lower load. Hence, load balancing

may be possible for a network provider.

The method 100 may, e.g., be performed (executed) by a network access point (e.g. BTS,
Node B, eNodeB), a controller of a network access point (e.g. BSC, RNC) or any higher

layer network control system of a network provider.

In some examples, calculating 106 the route from the first location to the second location is
nol only based on the predicted {uture states of the network access points. Rather, the route
calculation may be further based on information on the current states of the plurality of net-
work access points. Accordingly, a current nctwork status and a network status in the near
future (especially in the vicinity of the first Jocation) may be taken into account for the route
calculation. By taking into account both, the current and future states of the plurality of net-
work access points, the network availability, capacity, etc. along the route may be repro-
duced more accurately, so that a route with an improved QoS of thc mobile communication

nelwork may be provided to a user.

The request for determining the route from the first location to the second location may, in
some examples, further comprise information on one or imore desired network parameters.
The desired network parameter may, for example, be a minimum data rate of the network, a
maximum latency of the network, a transmission technology supported by the network, a
bandwidth of the network, a maximum load of the network, a maximum packet loss rate of
the network, or an assured network availability along the route from the {irst location to the

sccond location. For example, the desired network parameter may be sclected by a user di-
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rectly. Alternatively, the user may select an application or program, or a category of applica-
tions or programs (e.g. for video streaming, internet radio, web conferencing services),
wherein onc or more desired network parameters are associated to the application or pro-
gram, or the category of applications or programs. Calculating 106 the route from the first
location to the second location may thus be further based on the desired network parame-
ter(s). Accordingly, a route may be calculated which satisfies the user’s network demands
(constraints). Thus, a user may be enabled to travel along a route which allows him or her to

accurately use a desired application or program requiring access to the internet.

In some examples, the request for determining the route from the first location to the second
location may further comprise information on a desired route parameter. For example, the
desircd route parameter may be a maximum increase in travel time compared to a shortest
travel time between the first location and the second location, or a maximum increase in
route distance compared to a shortest route distance between the first Jocation and the sec-
ond location. The maximum increasc in time or the maximum increase in route distance
may be a relative value (e.g. 1 %, 3 %, 5 %. or 10 %) or an absolute value (e.g. 1 minutc
(min), 3 min, 5 min, 10 min, 15 min, 20 min/ 500 m, 1 km , 5 km, 10 km, 15 km, 20 km).
Calculating 106 the route from the first location to the second location may thus be further
based on the desired route parameter. Accordingly, a uscr may be allowed 1o adjust the
trade-oft between network quality and route distance / travel time according to his / her per-
sonal prelerences. In other words, an additional degree of {reedom for adjusting a route may

be provided for a user.

[t is to be noted that apart from the parameters, information, etc. described above, additional
parameters. data, constraints, information, etc. may be used for calculating the route. For
example, information on current or expected traffic conditions (e.g. traffic congestion re-
ports), a road type / means of transportation (e.g. a ferry) which is to be avoided. or con-
straints on geographical areas (e.g. only domestic roads) may be used additionally for calcu-

lating the route.

In some examples, the method 100 may further comprise receiving 108 updated information
on the predicted future state of at least one of the plurality of network access points (e.g. in
responsc to a request for updated information). The updated information may be received

from the same source or another source as the initially received information on the predicted
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future state. The updated information may comprise the complete state information of the
network access points, or merely information on a parameter related to the network access
point that has changed. In other words, the prcviously received information on the future
predicted state of onc or more network access points may, in some examples be replaced in
its entirety by the newly received updated information. In some examples, merely part of the
previously received information is replaced by the newly received updated information.
Accordingly, the method 100 may further comprise recalculating 110 at least part of the
route from the first location to the second location based on the updated information on the
predicted future staie of the network access point. That is, either part of the route may be
recalculated, or the whole route may be recalculated. However, merely recalculating part of
the route may commonly be sufficient and more efficient. In order to adequately recalculate
part of the route, the method may further comprise querying a current location of a us-
er/vehicle/apparatus, which transmitted the initial request for determining the route from the
first location to the second location. Accordingly, the route may be recalculated only from
the current location of the user/vehicle/apparatus to the second location. Hence, if the evolu-
tion of the mobile communication network deviates from the prediction used for the initial
route calculation, the route provided to the user / vehicle /apparatus may be updated in order

{o ensure high QoS for the user.

A first comparison between a conventionally determined route and a route determined ac-
cording to examples described herein is illustrated in Fig. 2. Fig. 2 illustratcs a situation, in
which a user wants to travel from the first location A to the second location B. At the time
the user sends his request for determining the route from A to B, the coverage areas 210,
220 and 230 of three exemplary network access points (e.g. eNodeBs) provide a good cov-
erage and a good capacity (i.e. low load). The area covered by the coverage area 220 is
known to be highly crowded in the near future (e.g. 5 mins later). Accordingly, a high load
of the network access point may be expected. However, the user wants to use an application
on his / her UE, which requires a high data rate (e.g. for a video stream). The user sends a
request with the information that he / she wants to travel from A to B. By selecting that he /
she wants to watch a video stream along the route. according desired network parameters
are added to the request. Additionally, the request comprises information on communication
standards (e.g. 3G or LTE) supported by the user’s UE. and a desired route parameter (e.g.
maximum increase in route distance or travel time compared to shortest route). Based on the

constramnts sent with the user request and information on the future states of the network
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access points of the coverage areas 210, 220, 230 (and optionally the current states of the
network access points, traffic condition, etc.), route 240 is calculated according to examples
described herein. [t is evident from Fig. 2, that the route 240 traverses exclusively the cov-
crage areas 210, 230 providing good coverage and good capacity in the future, whereas the

crowded coverage arca 220 providing merely poor network capacity in the future is avoided.

As a comparison, dashed line 250 illustrates the shortest route determined according to a
conventional navigation method. It is evident, that the shortest route 250 traverses the
crowded coverage area 220. When travelling through the crowded coverage area 220, a user
may, €.g., expericnce skips on his / her video stream or connection problems due to the high
load on the network access point. Accordingly, a user may experience a high QoS along the

route 240, whereas the user experiences a low QoS along the conventional routc 250,

A second comparison belween a conventionally determined route and routes determined
according to cxamples described herein is illustrated in Fig. 3. In Fig. 3, a plurality of users
wants to travel from the first location A 1o the second location B. For example, such a situa-
tion may arise at the end of a concert or a sports event, when people want to go from the
arena, stadium, or concert hall to the next motorway in order to travel back to their homes. It
is therefore to be expected that the plurality of users transmit their requests at almost the
same time. At the time the users send their requests for determining the route from A to B,
the coverage areas 310, 320 and 330 of three exemplary network access points (e.g.
eNodeBs) provide a good coverage and a good capacity (i.e. low load). A conventional nav-
igation method would propose the same route 360 to all users, Accordingly, all users would
pass the coverage areas 310 and 330, so that the load of the network access points of cover-
age areas 310, 330 may increase up to 100% (i.e. network congestion occurs). Accordingly,
the data rate of the network would decrease in the coverage areas 310, 330, whereas a laten-
cy of the network would increase. Hence, the users travelling along the route 360 would

experience a poor QoS by the network.

As discusscd above in connection with Fig. 1, requests of other users may be used for pre-
dicting future states of network access points. Accordingly, the request of the plurality of
users for determining a route from A to B may be used to predict future states (e.g. a load)
of the network access points of the coverage areas 310, 320, 330. After receiving the re-

quests of a fraction of the plurality of users, it may, e.g., be predicted that the load of the
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network access point of coverage area 330 will be (almost) equal to the maximum allowable
load in order to be able 1o provide a certain QoS. Accordingly, the proposed method pro-
vides route 350 which is equal 1o conventional shortest route 360 to only this fraction of the
users. For the other users, the proposed method will use the information on the future state
of the network access point of coverage area 330 for determining a route that avoids cover-
age arca 330. Additionally using the information on the future state of the network access
point of coverage area 320, which provides a good coverage and a good capacity according
to the prediction, the proposed method hence calculates the route 340 traversing coverage
area 320 for the other users. That is, the method may allow load balancing among plural

network access points. Accordingly. the users on both routes 340 and 350 may experience a

high QoS.

An example of an apparatus 400 for determining a route from a first location to a second

location is illustrated in Fig. 4,

The apparatus 400 comprises a first interface 410 configured to receive a request 401 for
determining a route from the first location to the second location. The request comprises
information on the first location and information on the second location. The first interface
410 may, e.g., be an electrical, or optical terminal for communicating with another hardware
component. As discussed above in connection with Fig. 1, the request may, e.g., be received

from a UL, an automotive navigation system or an infotainment system of a vehicle.

The apparatus 400 comprises a second interface 420 configured to receive information 402
on predicted future states ol a plurality ol network access points providing access to a mo-
bile communication network. The coverage areas of the plurality of network access points
cover at least partly an area between the first location and the second location. Like the first
interface 410, the sccond interface 420 may, e.g., be an clectrical, or optical terminal. As
discussed above in connection with Fig. 1, the information on the predicted future states of
the plurality of network access points may, ¢.g., be received from a network provider, a cen-
tral control node of the mobile communications network, the network access points (e.g. a
BTS, a Node B or a eNodeB) or control units (e.g. a BSC, or an RNC) of the network access
points. Prior to receiving the information 402 on predicted future states, a request for this

information may be sent via the second interface 420 (or another dedicated interface) to,
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e.g., a server of a network provider, a central control node of the mobile communicaiions

nctwork, one or more network access points, or control units of the network access points.

Further, the apparatus 400 comprises a processor unit 430 configured to calculate a route
from the first location to the second location based on the request and the information on the
predicted future states of the plurality of network access points. The processor unit 430 may
outpul the calculated route via the output signal 403. The processor unit 430 may be a single
dedicated processor, a single shared processor, or a plurality of individual processors, some
of which or all of which may bc shared. However, the term “processor unit™ is by far not
limited to hardware exclusively capable of executing software, but may include digital sig-
nal processor (DSP) hardware, network processor, application specific integrated circuit
(ASIC), field programmable gate array (FPGA), read only memory (ROM) for storing soft-
ware, random access memory (RAM), and non-volatile storage. Other hardware, conven-

tional and/or custom, may also be included.

The apparatus 400 may allow determining a route from the first location to the second loca-
tion with improved network coverage, capacity etc. Accordingly, a user may experience an
improved QoS of the mobile communication network along the proposed route compared to
conventional approaches. By taking into account future predicted states of potential network
access points for determining a route, a route may be determined which likely offers the best
network properties during the actual period of journey (which is in the future). The appa-
ratus 400 may allow a network provider to collect information about current and future net-
work usage (including the probable location and/ or type of usage). By taking into account
this data, future states of network access points may be predicted, so that an evolution of the
mobile communications network may be determined with increased precision and probabil-
ity. Moreover, the apparatus 400 may allow a network provider to control network traffic by

gurding uscrs along routes with lower load. Hence, load balancing may be possible for a

network provider.

In some examples, the apparatus 400 may comprise one or more additional interfaces con-
tigured to receive one or more of the additional information for route calculation as de-
scribed in connection with Figs. 1 to 3. Accordingly. the processing unit 430 may be con-
figured to calculate the route based on the additional information. Morcover, the processing

unit 430 may be configured to recaiculate the route, in case the second inlerface reccives
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updated information on the predicted future state of at least one of the plurality of network

access points.

The apparatus 400 may, ¢.g., be part of a network access point 490 or a controller of a net-
work access point 490. For example, the network access point 490 may be a BTS, a Node B
or an eNodeB. Accordingly, the output signal 403 of the processor untt 430, which contains
information on the calculated route, may be provided to additional electronic circuitry 491
{e.g. a filter, a digital-to-analog converter, a mixer, etc.) of the network access point 490 in
order to further process the output signal 403, so that it may be transmitled (o the user / ve-
hicle via an antenna element 492. However, the apparatus 400 may, in some examples, also
be part of a higher layer network control system of a network provider. Accordingly, the
output signal 403 containing information on the calculated route may be sent to the user via

a diffcrent signal path.

The aspects and features mentioned and described together with one or more of the previ-
ously detailed examples and figures, may as well be combined with one or more of the other
examples tn order to replace a like feature ol the other example or in order to additionally

introduce the feature to the other example.

Examples may further be a computer program having a program code for performing one or
morc of the above methods, when the computer program is executed on a computer or pro-
cessor. Steps, operations or processes of various above-described methods may be per-
formed by programmed computers or processors. Examples may also cover program storage
devices such as digital data storage media, which are machine, processor or computer read-
able and ecncode machine-executable, processor-executable or computer-executlable pro-
grams of instructions. The instructions perform or causc performing some or all of the acts
of the above-described methods. The program storage devices may comprise or be. for in-
stance, digital memories, magnetic storage media such as magnetic disks and magnetic
tapes, hard drives, or optically readable digital data storage media. Further examples may
also cover computers, processors or control units programmed to perform the acts of the
above-described methods or (field) programmable logic arrays ((F)PLAs) or (field) pro-

grammable gate arrays ((F)PGAs), programmed to perform the acts of the above-described

methods.
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The description and drawings merely illustrate the principles of the disclosure. It will thus
be appreciated that those skilled in the art will be able to devise various arrangements that,
although not explicitly described or shown herein, embody the principles of the disclosure
and are included within its spirit and scope. Furthermore, all examples recited herein are
principally intended expressly to be enly for pedagogical purposes to aid the reader in un-
derstanding the principles of the disclosure and the concepts contributed by the inventors to
furthering the art, and are to be construed as being without limitation to such specifically
recited examples and conditions. Moreover, all statements herein reciting principles, as-
peets, and examples of the disclosure, as well as specific examples thereof, are intended to

encompass equivalents thereof.

A block diagram may, lor instance, illustrate a high-level circuil diagram implementing the
principles of the disclosure. Similarly, a flow chart, a flow diagram, a state transition dia-
gram, a pseudo code, and the like may represent various processes, operations or steps,
which may, for instance, be substantially represented in computer readable medium and so
executed by a computer or processor, whether or not such computer or processor is ¢xplicit-
ly shown. Methods disclosed in the specitication or in the claims may be implemented by a

device having means for performing cach of the respective acts of these methods.

It 1s to be understood that the disclosure of multiple acts, processes, operations. steps or
functions disclosed in the specification or claims may not be construed as 1o be within the
specific order, unless explicitly or implicitly stated otherwise, for instance for technical rea-
sons. Therefore, the disclosure of muluple acts or functions will not limit thesc to a particu-
lar order unlcss such acts or functions are not interchangeable for technical reasons. Fur-
thermore, in some examples a single act, function, proccss, operation or step may include or
may be broken into multiple sub—acts, -functions, -processes, -operations or —steps, respec-
tively. Such sub acts may be included and part of the disclosure of this single act unless ex-

plicitly excluded.

Furthermore, the following claims are hereby incorporated into the detailed description,
wherc each claim may stand on its own as a scparate cxample. While cach claim may stand
on its own as a separate example, it is to be noted that - although a dependent claim may
refer in the claims to a specific combination with one or more other claims - other examples

may also include a combination of the dependent claim with the subject matter of each other
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of the dependent or independent claims. Such combinations are explicitly proposed herein
unless it is stated that a specific combination is not intended. Furthermore, it is intended to
include also features of a claim to any other independent claim even if this claim is not di-

rectly made dependent to the independent claim.
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Claims

What is claimed is:

1. A method (100} for determining a route for a user from a first location to a second

location, comprising:

receiving (102) a request for determining a route {or a user from the first location to the sce-
ond location, the request comprising information on the first location and information on the

second location:

receiving (104) informatton on predicted {uture states of a plurality of network access points
providing access lo a mobile communication network, wherein coverage areas of the plurali-
ty of network access points at lcast partly cover an arca between the first location and the

second location; and

calculating (106) the route for a user {rom the first location to the second location using an
algorithm which takes into account the request and the information on the predicted future

siates of the plurahty of network access points.

2. The method of claim 1, wherein the method further comprises sending information
on the calculated route to an apparatus having issued the request for determining a route for

a user {rom the first location to the second location.

3. The method of claim 1 or claim 2, wherein, prior to receiving (104} information on
the predicted {utlure states ol the plurality of network access points, the method further com-

prises:

sending a request for information on the predicied future state of one of plurality of network
access point to the one network access point, a control unit of the one network access point,

or a server of a provider of the mobile communication nctwork.
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4. The method of any of claims | to 3, wherein the predicted future state of at least one
of the plurality of nelwork access points comprises information on a predicted future quality

of service of the network access point.

5. ‘The method of claim 4, wherein the predicted futurc quality of service is based on a
second request for determining a route for a user from a third location to a fourth location,
the request comprising information on the third location and information on the fourth loca-
tion, wherein the second request and the request for determining the route for a user from

the first location to the second location are issued from different apparatuses.

6. The method of claim 5, wherein the second request is issued within a coverage arca
of a network access point, the network access point having a predetermined maximum dis-

tance to the first location.

7. The method of any of claims 4 to 6, wherein the predicted {ulure quality of service is

based on a quality of scrvice history of the network access point.

8. The method of any of the preceding claims, wherein calculating (106) the route for a
user from the first location to the second location is further based on information on the cur-

rent states of the plurality of network access points.

9. The method of any of the preceding claims, wherein the request for determining the
routc for a user from the first location to the second location further comprises information
on a desired network parameter, and wherein calculating (106) the route for a user from the

first location to the second location is further based on the desired network parameter.

10.  The method of claim 9. wherein the desired network parameter is a minimum data
rate of the network, a maximum latency of the network, a transmission technology support-
ed by the network, a bandwidth of the network, a maximum load of the network, a maxi-
mum packet loss rate of the network, or an assured network availability along the route for a

uscr from the tirst location 1o the second location.

1. The method of any of the preceding claims, wherein the request for determining the
route for a user from the first location to the second location further comprises information
on a desired route parameter, and wherein calculating (106) the route for a user from the

first location to the second location is turther based on the desired route parameter.
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12. The method of claim 11, wherein the desired route parameter is a maximum increase
in travel time compared to a shorlest travel time between the first location and the second
location. or a maximum tncrease in route distance compared to a shortest route distance be-

tween the first location and the second location.
13, The method of any of the preceding claims, further comprising:

recciving (108) updated information on the predicted future state of at least one of the plu-

rality of network access points; and

recalculating (110} at least part of the route for a user from the first location to the second

location based on the updated information on the predicted future state of the network ac-

cess point.

14. A computer program having a program code for performing the method of any of

claims ] to 13, when the computer program is cxecuted on a computer or proccssor.

15. An apparatus (400) for determining a route for a user from a first focation to a sec-

ond location, comprising:

a first interface (410) configured to receive a request (401) for determining a route for a user
{rom the first location to the second location, the request comprising information on the first

location and information on the second location;

a second interface (420) configured to receive information (402) on predicted future states
of a plurality of network access points providing access {0 a mobile communication net-
work, wherein coverage areas of the plurality of network access points at least partly cover

an arca between the first location and the second location; and

a processor unit (430) configured to calculatc the routc for a user from the first location to
the second location using an algorithm which takes into account the request and the infor-

mation on the predicled future states of the plurality of network access points.
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