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(57) Abstract: In a handover procedure of a wireless communication
device (100), a source base station (110) of the handover sends a mes-
sage to the wireless communication device (100). The message indi-
cates authorization of a handover of the wireless communication device
from the source base station to at least one candidate base station (120,
130), which is prepared to act as a target base station of the handover.
Further, the source base station (110) instructs the wireless communi-
cation device (100) to send at least one uplink signal. The source base
station (110) receives at least one report of a measurement performed
by the at least one candidate base station (120, 130) on the at least one
uplink signal. Based on the at least one measurement, the source base
station (110) controls the handover.
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TITLE OF THE INVENTION

UPLINK SIGNAL BASED HANDOVER CONTROL, HANDOVER
CANCELLATION AND HANDOVER EXPIRATION

FIELD OF THE INVENTION

The present invention relates to methods of controlling communication in a
wireless communication network and to corresponding devices and sys-

tems.

BACKGROUND OF THE INVENTION

Wireless communication networks, such as a cellular network based on the
LTE (Long Term Evolution) radio technology specified by 3GPP (3™ Gener-
ation Partnership Project), mobility of a user equipment (UE) in the coverage
area of the wireless communication network may involve that the UE per-
forms a handover from one base station, referred to as source base station,

to another base station, also referred as target base station.

For example, when in LTE radio technology a UE is in connected mode, i.e.,
maintains an active data connection to the wireless communication network,
it is typically configured to perform channel quality measurements on down-
link (DL) reference signals from neighboring base stations and report such
channel quality measurements in accordance with certain event-based re-
porting criteria. On the basis of the reports, the base station serving the UE
then decides whether to initiate a handover of the UE to one of the neigh-
boring base stations.



WO 2018/127389 PCT/EP2017/083191

10

15

20

25

However, in some situations this way of initiating a handover may provide
unsatisfactory results. For example, due to limitations of the UE with respect
to performing the channel quality measurements, the channel quality meas-
urements performed by the UE may be subject to measurement errors, re-
sulting in inappropriate triggering of a handover or inappropriate selection
of a target base station of the handover. Further, the reporting of measure-
ments may fail for example due to fast movement of the UE.

Accordingly, there is a need for techniques that allow for controlling a hand-

over in an accurate and efficient manner.

SUMMARY OF THE INVENTION

According to an embodiment, a method of controlling communication in a
wireless communication network is provided. According to the method, a
wireless communication device receives a message from a base station, in
the following also referred to as source base station. The message indicates
authorization of a handover of the wireless communication device from the
source base station to at least one candidate base station which is prepared
to act as a target base station of the handover. In response to the message,
the wireless communication device sends at least one uplink (UL) signal for
measurements by the at least one candidate base station. In some cases,
the at least one UL signal may also be used for measurements by the source
base station. Depending on the measurements based on the UL signal the
handover may then be controlled in a precise and efficient manner. Due to
enhanced measurement capabilities of the base stations, adverse effects of
measurement errors on the handover may be avoided. The measurements

may for example be used for triggering the handover and/or for selecting
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one of the candidate base stations as the target base station of the hando-
ver. The measurements may for example be channel quality measure-

ments.

According to an embodiment, the wireless communication device receives
a further message triggering the handover. If a plurality of candidate base
stations are prepared to act as the target base station of the handover, the
further message triggering the handover may also indicate the candidate
base station, which based on the measurements was selected as the target
base station of the handover. Selection of the target base station and trig-
gering of the handover may thus be indicated in an efficient manner, using
the same message. The further message may be received from the source
base station. However, the further message may be received from the can-
didate base station, e.g., the candidate base station selected from a plurality
of candidate base stations as the target base station. The latter alternative
may be useful if the channel quality of between the source base station and
the wireless communication device is too low for sending the further mes-
sage directly from the source base station to the wireless communication
device.

According to an embodiment, the message from the source base station
indicates a configuration to be applied by the wireless communication de-
vice for sending the at least one UL signal. For example, the message from
the source base station may indicate radio resources for sending the at least
one UL signal. In this way, utilization of the at least one UL signal for con-
trolling the handover may be managed in a resource efficient manner and

collisions of the UL signal with other signals may be avoided.

According to an embodiment, the wireless communication device starts a
timer upon receiving the message from the source base station. Upon expiry
of the timer, the wireless communication device stops the sending of the at
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least one UL signal. In this way, excessive utilization of radio resources for

sending the UL signal can be avoided.

According to an embodiment, the message from the source base station
further indicates resources reserved for the handover. For example, the
message can indicate a signature sequence to be used by the wireless com-
munication device for a random access procedure for accessing a cell of
the target base station of the handover. In this way, the wireless communi-
cation device can be prepared early for the execution of the handover to

thereby facilitate and expedite triggering of the handover.

According to an embodiment, the wireless communication device starts a
timer upon receiving the message from the base station. Upon expiry of the
timer, the wireless communication device cancels the authorization of the
handover and releases resources reserved for the handover. In this way,
excessive reservation of resources for the handover can be avoided. This
timer may be the same timer as used for controlling stopping sending of the
at least one UL signal, but it is to be understood that different timers could

be used as well.

According to an embodiment, the wireless communication device receives
a further message from the source base station. In response to receiving
the further message from the base station, the wireless communication de-
vice cancels the authorization of the handover and releases the resources
reserved for the handover. In this way, the source base station may stop the
handover if the handover is found to be no longer necessary, and excessive
reservation of resources for the handover can be avoided.

According to an embodiment, the wireless communication device receives

a further message from the source base station. In response to receiving
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the further message from the source base station, the wireless communica-
tion device stops the sending of the UL signal. In this way, excessive ultili-
zation of radio resources for sending the UL signal can be avoided, e.g., if
the source base station determines that the handover is no longer neces-
sary. The further message can be the same message as described above
for cancelling the authorization of the handover and releasing the reserved
resources, but it is to be understood that different messages could be used

as well.

According to an embodiment, the wireless communication device performs
measurements on DL reference signals received from the base station and
the at least one candidate base stations, e.g., channel quality measure-
ments, and sends a report of the measurements to the source base station.
The wireless communication device may then receive the message from the
source base station in response to the report sent to the base station. Ac-
cordingly, the UL signal based control of the handover may be initiated on
the basis of measurements performed by the wireless communication de-
vice on DL reference signals. This may for example allow for efficient pre-
selection of candidate base stations and initial estimation of the radio con-

ditions experienced by the wireless communication device.

According to a further embodiment, a method of controlling communication
in a wireless communication network is provided. According to the method,
a base station, in the following referred to as source base station, sends a
message to a wireless communication device. The message indicates au-
thorization of a handover of the wireless communication device from the
source base station to at least one candidate base station, which is pre-
pared to act as a target base station of the handover. Further, the message
to the wireless communication device instructs the wireless communication

device to send at least one UL signal. The source base station receives
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reports of measurements performed by the at least one candidate base sta-
tion on the at least one UL signal. Further, also the source base station may
receive the at least one UL signal and perform measurements based on the
received UL signal. Based on the measurements, the source base station
controls the handover. In this way, the handover may be controlled in a pre-
cise and efficient manner depending on the measurements based on the at
least one UL signal. Due to enhanced measurement capabilities of the base
stations, adverse effects of measurement errors on the handover may be
avoided. Based on the measurements, the source base station may for ex-
ample trigger the handover and/or select the candidate base station as the
target base station of the handover. The measurements may for example

be channel quality measurements.

According to an embodiment, a plurality of candidate base stations are pre-
pared to act as the target base station of the handover, and based on the
measurements the source base station may accomplish selection of one of
the candidate base stations as the target base station of the handover. In
this way, the selection of the target base station can be based measure-
ments which are performed with high precision and low risk of measurement

errors.

According to an embodiment, the source base station sends a further mes-
sage triggering the handover. If a plurality of candidate base stations are
prepared to act as the target base station of the handover, the further mes-
sage triggering the handover may also indicate the candidate base station,
which based on the measurements was selected as the target base station
of the handover. Selection of the target base station and triggering of the
handover may thus be indicated in an efficient manner, using the same mes-
sage. The source base station may send the further message triggering the
handover directly to the wireless communication device, e.g., via a radio link

connecting the wireless communication device to the source base station.
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However, the source base station may also send the further message trig-
gering the handover via a candidate base station, e.g., the candidate base
station selected as the target base station. The latter alternative may be
useful if the channel quality of between the source base station and the
wireless communication device is too low for sending the further message

directly from the source base station to the wireless communication device.

According to an embodiment, the message to the wireless communication
device indicates a configuration to be applied by the wireless communica-
tion device for sending the at least one UL signal. For example, the mes-
sage to the wireless communication device may indicate radio resources for
sending the at least one UL signal. In this way, utilization of the at least one
UL signal for controlling the handover may be managed in a resource effi-
cient manner and collisions of the at least one UL signal with other signals
may be avoided.

According to an embodiment, the message to the wireless communication
device indicates resources reserved for execution of the handover. For ex-
ample, the message can indicate a signature sequence to be used by the
wireless communication device for a random access procedure for access-
ing a cell of the target base station of the handover. In this way, the wireless
communication device can be prepared early for the execution of the hand-
over to thereby facilitate and expedite triggering of the handover.

According to an embodiment, the source base station starts a timer upon
sending the message to the wireless communication device. Upon expiry of
the timer, the base station cancels the authorization of the handover and
releases the resources reserved for execution of the handover. In this way,

excessive reservation of resources for the handover can be avoided.
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According to an embodiment, the source base station sends a further mes-
sage to the wireless communication device. The further message to the
wireless communication device indicates cancellation of the authorization of
the handover and instructs the wireless communication device to release,
or refrain from using, the resources reserved for the handover. In this way,
the source base station may stop the handover if the handover is found to
be no longer necessary, and excessive reservation of resources for the

handover can be avoided.

According to an embodiment, the source base station sends a further mes-
sage to the wireless communication device. The further message to the
wireless communication instructs the wireless communication device to stop
the sending of the UL signal. In this way, excessive utilization of radio re-
sources for sending the UL signal can be avoided, e.g., if the source base
station determines that the handover is no longer necessary.

According to an embodiment, the source base station sends a message to
the at least one candidate base station. If there are multiple candidate base
stations, the source base station may send a further message to each of the
candidate base stations. The message to the respective candidate base
station prepares the candidate base station to act as the target base station
of the handover. For example, the message may indicate resources re-
served for execution of the handover, e.g., a signature applied by the wire-
less communication device in a random access procedure for accessing the
cell of the target base station. Further, the message to the respective can-
didate base station may indicate an identity of the wireless communication
device. Further, the message to the respective candidate base station may
indicate radio resources for monitoring the at least one UL signal. Accord-
ingly, the candidate base station may be configured with detailed infor-
mation to enable efficient monitoring of the at least one UL signal and/or to
facilitate or expedite execution of the handover.
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According to an embodiment, the source base station sends a further mes-
sage to the at least one candidate base station. If there are multiple candi-
date base stations, the source base station may send a further message to
each of the candidate base stations. The further message to the respective
candidate base station indicates cancellation of the authorization of the
handover and instructs the candidate base station to release the resources
reserved for the handover. In this way, the source base station may avoid
excessive reservation of resources for the handover by the candidate base

stations, e.g., if the handover is found to be no longer necessary.

According to an embodiment, the source base station receives, from the
wireless communication device, a report of measurements performed by the
wireless communication device on DL reference signals received from the
base station and the candidate base stations, e.g., reports of channel quality
measurements. The source base station may then accomplish sending the
message to the wireless communication device in response to the report of
the measurements performed by the wireless communication device. Ac-
cordingly, the UL signal based control of the handover may be initiated on
the basis of measurements performed by the wireless communication de-
vice on DL reference signals. This may for example allow for efficient pre-
selection of candidate base stations and initial estimation of the radio con-

ditions experienced by the wireless communication device.

According to a further embodiment, a method of controlling communication
in a wireless communication network is provided. According to the method,
a base station, in the following referred to as candidate base station, re-
ceives a message preparing the candidate base station to act as a target
base station of a handover of a wireless communication device from another
base station, in the following referred to as source base station. In response
to the message preparing the candidate base station, the candidate base
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station receives at least one UL signal from the wireless communication de-
vice and performs measurements based on the received at least one UL
signal. The candidate base station then sends a report of the measurements
to the source base station. Accordingly, the candidate base station is pre-
pared to support control of the handover based on the at least one UL sig-
nal. In this way, the handover may be controlled in a precise and efficient
manner depending on the measurements based on the UL signal. Based
on the measurements the source base station may for example trigger the
handover and/or select the candidate base station as the target base station
of the handover. The measurements may for example be channel quality

measurements.

According to an embodiment, the candidate base station sends a message
to the wireless communication device. The message to the wireless com-
munication device triggers the handover. If a plurality of candidate base sta-
tions are prepared to act as the target base station of the handover, the
further message triggering the handover may also indicate that the base
station was, based on the measurements, selected among the multiple can-
didate base stations as the target base station of the handover. Selection of
the target base station and triggering of the handover may thus be indicated
in an efficient manner, using the same message. The sending of the mes-
sage to the wireless communication device may be instructed by the source
base station, or the candidate base station may receive the message from
the source base station and then forward it to the wireless communication
device. The candidate base station may send the message directly via a
radio link connecting the wireless communication device to the source base
station. Accordingly, the candidate base station may assist in triggering the
handover. This may be useful if the channel quality of between the source
base station and the wireless communication device is too low for triggering

the handover directly from the source base station.



WO 2018/127389 PCT/EP2017/083191

10

15

20

25

30

11

The message preparing the candidate base station may indicate resources
reserved for execution of the handover, e.g., a signature applied by the wire-
less communication device in a random access procedure for accessing the
cell of the target base station. Further, the message preparing the candidate
base station may indicate an identity of the wireless communication device.
Further, the message preparing the candidate base station may indicate
radio resources for monitoring the at least one UL signal. Accordingly, the
candidate base station may be configured with detailed information to ena-
ble efficient monitoring of the at least one UL signal and/or to facilitate or
expedite execution of the handover once the candidate base station is se-
lected as the target base station of the handover.

According to an embodiment, the candidate base station receives a further
message from the source base station. The further message from the
source base station indicates cancellation of the authorization of the hand-
over and instructs the candidate base station to release the resources re-
served for the handover. In this way, excessive reservation of resources for
the handover by the candidate base station can be avoided by the source
base station, e.g., if the source base station determines that the handover
is found to be no longer necessary. Alternatively or in addition, the candidate
base station may also start a timer upon receiving the message preparing
the base station and release the resources reserved for the handover upon
expiry of the timer.

According to a further embodiment, a method of controlling communication
in a wireless communication network is provided. According to the method,
a wireless communication device receives a message from a base station,
in the following also referred to as source base station. The message from
the source base station indicates authorization of a handover of the wireless
communication device from the source base station to at least one candi-

date base station which is prepared to act as a target base station of the



WO 2018/127389 PCT/EP2017/083191

10

15

20

25

30

12

handover. Further, the wireless communication device starts a timer upon
receiving the message from the base station, and upon expiry of the timer
cancels the authorization of the handover and releases resources reserved
for the handover. Alternatively or in addition, the wireless communication
device cancels the authorization of the handover and releases resources
reserved for the handover in response to receiving a further message from
the base station. In this way, excessive reservation of resources for the au-

thorized but not yet executed handover can be avoided.

According to a further embodiment, a method of controlling communication
in a wireless communication network is provided. According to the method,
a base station, in the following referred to as source base station, sends a
message to a wireless communication device. The message to the wireless
communication device indicates authorization of a handover of the wireless
communication device from the source base station to at least one candi-
date base station which is prepared to act as a target base station of the
handover. Further, the source base station starts a timer upon sending the
message to the wireless communication device, and upon expiry of the
timer, cancels the authorization of the handover and releases resources re-
served for execution of the handover. Alternatively or in addition, the source
base station sends a further message to the wireless communication device
and/or to the at least one candidate base station. The further message indi-
cating cancellation of the authorization of the handover and instructs release
of resources reserved for the handover. In this way, excessive reservation
of resources for the authorized but not yet executed handover can be

avoided.

According to a further embodiment, a method of controlling communication
in a wireless communication network is provided. According to the method,
a base station, in the following referred to as candidate base station, re-
ceives a message preparing the candidate base station to act as a target
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base station of a handover of a wireless communication device from another
base station, in the following also referred to as source base station. Fur-
ther, the candidate base station starts a timer upon receiving the message
preparing the candidate base station, and upon expiry of the timer, cancels
authorization of the handover and releases resources reserved for execu-
tion of the handover. Alternatively or in addition, the candidate base station
cancels authorization of the handover and releases resources reserved for

the handover in response to receiving a further message.

According to a further embodiment, a wireless communication device is pro-
vided. The wireless communication device comprises a radio interface for
connecting to a wireless communication network. Further, the wireless com-
munication device comprises one or more processors configured to:

- receive via the radio interface a message from a base station, also referred
to as source base station, the message from the source base station indi-
cating authorization of a handover of the wireless communication device
from the source base station to at least one candidate base station which is
prepared to act as a target base station of the handover; and

- in response to the message from the source base station, send via the
radio interface at least one UL signal for measurements by the at least one

candidate base stations.

According to a further embodiment, a wireless communication device is pro-
vided. The wireless communication device comprises a radio interface for
connecting to a wireless communication network. Further, the wireless com-
munication device comprises one or more processors configured to:

- receive via the radio interface a message from a base station, also referred
to as source base station, the message from the source base station indi-
cating authorization of a handover of the wireless communication device
from the base station to at least one candidate base station which is pre-

pared to act as a target base station of the handover;
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- start a timer upon receiving the message from the source base station,
and upon expiry of the timer, cancel the authorization of the handover and
release resources reserved for the handover; and/or

- in response to receiving a further message via the radio interface from the
base station, cancel the authorization of the handover and release re-

sources reserved for the handover.

The wireless communication device of the above-mentioned embodiments

may be configured for use in the above-described methods.

The measurements may for example be channel quality measurements.

The message from the source base station may indicate a configuration to
be applied by the wireless communication device for sending the at least
one UL signal, e.g., radio resources for sending the at least one UL signal.

The one or more processors of the wireless communication device may be
configured to:

- receive, via the radio interface, a further message triggering the handover.
This further message triggering the handover may also indicate the candi-
date base station which based on the measurements was selected among

multiple candidate base stations as the target base station of the handover.

Further, the one or more processors of the wireless communication device
may be configured to:

- start a timer upon receiving the message from the source base station;
and

- upon expiry of the timer, cancel the authorization of the handover and stop
sending of the at least one UL signal.
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Further, the message from the source base station may indicate resources

reserved for the handover.

Further, the one or more processors of the wireless communication device
may be configured to:

- start a timer upon receiving the message from the source base station;
and

- upon expiry of the timer, cancel the authorization of the handover and re-

lease resources reserved for the handover.

Alternatively or in addition, the one or more processors of the wireless com-
munication device may be configured to:

- via the radio interface, receive a further message from the source base
station; and

- in response to receiving the further message from the source base station,
cancel the authorization of the handover and release resources reserved for
the handover.

Further, the one or more processors of the wireless communication device
may be configured to:

- receive a further message from the source base station; and

- in response to receiving the further message from the source base station,
stop the sending of the UL signal.

Further, the one or more processors of the wireless communication device
may be configured to:

- perform measurements on DL reference signals received via the radio in-
terface from the source base station and the at least one candidate base
station;

- via the radio interface, send a report of the measurements to the source
base station; and
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- receive the message from the source base station in response to the report

sent to source the base station.

According to a further embodiment, a base station is provided. The base
station comprises a radio interface for connecting to a wireless communica-
tion device. Further, the base station comprises a network interface to other
nodes of the wireless communication network. Further, the base station
comprises one or more processors configured to:

- via the radio interface, send a message to a wireless communication de-
vice, the message indicating authorization of a handover of the wireless
communication device from the base station to at least one candidate base
station, which is prepared to act as a target base station of the handover,
and instructing the wireless communication device to send at least one UL
signal;

UL signal- via the network interface, receive reports of measurements per-
formed by the candidate base stations on the at least one UL signal; and

- control the handover based on the measurements.

According to a further embodiment, a base station is provided. The base
station comprises a radio interface for connecting to a wireless communica-
tion device. Further, the base station comprises a network interface to other
nodes of the wireless communication network. Further, the base station
comprises one or more processors configured to:

- via the radio interface, send a message to a wireless communication de-
vice, the message indicating authorization of a handover of the wireless
communication device from the base station to at least one candidate base
station, which is prepared to act as a target base station of the handover;

- start a timer upon sending the message to the wireless communication
device, and upon expiry of the timer cancel the authorization of the hando-

ver and release resources reserved for execution of the handover; and/or
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- send a further message to the wireless communication device and/or to
the at least one candidate base station, the further message indicating can-
cellation of the authorization of the handover and instructing release of re-

sources reserved for the handover.

The base station of the above-mentioned embodiments may thus be con-

figured for use as the source base station in the above-described methods.

The measurements may for example be channel quality measurements.

The one or more processors of the base station may be configured to:
- based on the measurements, select the candidate base station among
multiple candidate base stations as the target base station of the handover.

Further, the one or more processors of the base station may be configured
to:

- via the radio interface, send a further message triggering the handover.
This further message triggering the handover may also indicate the candi-
date base station which based on the measurements was selected among
multiple candidate base stations as the target base station of the handover.

The message to the wireless communication device may indicate a config-
uration to be applied by the wireless communication device for sending the
at least one UL reference, e.g., radio resources for sending the at least one
UL signal.

Further, the message to the wireless communication device may indicate

resources reserved for execution of the handover.

Further, the one or more processors of the base station may be configured
to:
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- start a timer upon sending the message to the wireless communication
device; and
- upon expiry of the timer, cancel the authorization of the handover and re-

lease resources reserved for execution of the handover.

Alternatively or in addition, the one or more processors of the base station
may be configured to:

- via the radio interface, send a further message to the wireless communi-
cation device, the further message to the wireless communication device
indicating cancellation of the authorization of the handover and instructing
the wireless communication device to release resources reserved for the

handover.

Further, the one or more processors of the base station may be configured
to:

- via the radio interface, send a further message to the wireless communi-
cation device, the further message to the wireless communication device
instructing the wireless communication device to stop the sending of the at
least one UL signal.

Further, the one or more processors of the base station may be configured
to:

- via the network interface, send a message to the at least one candidate
base station, the message to the at least one candidate base station pre-
paring the candidate base station to act as the target base station of the
handover.

In this case, the message to the at least one candidate base station may
indicate radio resources for monitoring the at least one UL signal.
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Further, the message to the at least one candidate base station may indi-

cate resources reserved for execution of the handover.

The one or more processors of the base station may then be configured to:
- via the network interface, send a further message to the at least one can-
didate base station, the further message to the at least one candidate base
station indicating cancellation of the authorization of the handover and in-
structing the candidate base station to release resources reserved for the
handover.

Further, the one or more processors of the base station may be configured
to:

- via the radio interface, receive a report of measurements from the wireless
communication device, the measurements being performed by the wireless
communication device on DL reference signals received from the base sta-
tion and the at least one candidate base station; and

- send the message to the wireless communication device in response to
the report of the measurements performed by the wireless communication
device.

According to a further embodiment, a base station is provided. The base
station comprises a radio interface for connecting to a wireless communica-
tion device. Further, the base station comprises a network interface to other
nodes of the wireless communication network. Further, the base station
comprises one or more processors configured to:

- via the network interface, receive a message preparing the base station to
act as a target base station of a handover of a wireless communication de-
vice from another base station;

- in response to the message, receive via the radio interface at least one UL
signal from the wireless communication device and perform measurements

based on the received at least one UL signal; and
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- via the network interface send a report of the measurements to the other

base station.

According to a further embodiment, a base station is provided. The base
station comprises a radio interface for connecting to a wireless communica-
tion device. Further, the base station comprises a network interface to other
nodes of the wireless communication network. Further, the base station
comprises one or more processors configured to:

- via the network interface, receive a message preparing the base station to
act as a target base station of a handover of a wireless communication de-
vice from another base station;

- start a timer upon receiving the message preparing the base station, and
upon expiry of the timer, cancel authorization of the handover and release
resources reserved for execution of the handover; and/or

- in response to receiving a further message, cancel authorization of the

handover and releasing resources reserved for the handover.

The base station of the above-mentioned embodiments may be configured
for use as one of the candidate base stations in the above-described meth-

ods.

The measurements may for example be channel quality measurements.
However, the measurements could also involve detection of the UL signal,
such as detection of a random access preamble or similar predefined signal

sequence.

The one or more processors of the base station may be configured to:
- send a message to the wireless communication device, the message to
the wireless communication device triggering the handover. The message

triggering the handover may also indicate that the base station was, based
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on the measurements, selected among multiple candidate base stations as

the target base station of the handover.

The message preparing the base station may indicate radio resources for
monitoring the at least one UL signal. Further, the message preparing the

base station may indicate resources reserved for execution of the handover.

Further, the one or more processors of the base station may be configured
to receive, via the network interface, a further message indicating cancella-
tion of authorization of the handover and instructing the candidate base sta-
tion to release resources reserved for the handover. Alternatively or in ad-
dition, the one or more processors may also be configured to start a timer
upon receiving the message preparing the base station and release re-

sources reserved for the handover upon expiry of the timer.

According to a further embodiment, a system is provided. The system com-
prises a wireless communication device configured to operate as described
above. Further, the system comprises a base station configured to operate
as described above for the source base station of the handover. Further,
the system comprises a plurality of base stations configured to operate as
described above for the candidate base stations.

The above and further embodiments of the invention will now be described

in more detail with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically illustrates a wireless communication network system

according to an embodiment of the invention.
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Fig. 2 shows an example of processes according to an embodiment of the

invention.

Fig. 3 shows a further example of processes according to an embodiment

of the invention.

Fig. 4 shows a further example of processes according to an embodiment

of the invention.

Fig. 5 shows a further example of processes according to an embodiment

of the invention.

Fig. 6 shows a flowchart for illustrating a method according to an embodi-

ment of the invention.

Fig. 7 shows a flowchart for illustrating a further method according to an

embodiment of the invention.

Fig. 8 shows a flowchart for illustrating a further method according to an

embodiment of the invention.

Fig. 9 schematically illustrates a processor-based implementation of a wire-

less communication device according to an embodiment of the invention.

Fig. 10 schematically illustrates a processor-based implementation of a

base station according to an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
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In the following, exemplary embodiments of the invention will be described
in more detail. It has to be understood that the following description is given
only for the purpose of illustrating the principles of the invention and is not
to be taken in a limiting sense. Rather, the scope of the invention is defined
only by the appended claims and is not intended to be limited by the exem-

plary embodiments described hereinafter.

The illustrated embodiments relate to control of communication in a wireless
communication network, in particular to control of a handover of a wireless
communication device, in the following also referred to as UE, from a source
base station to a target base station. By way of example, the wireless com-
munication network may be based on the LTE radio technology specified by
3GPP or a 5G (5" Generation) radio technology, such as the NR (New Ra-
dio) technology currently developed by 3GPP. The wireless communication
device may for example be a mobile phone, smartphone, tablet computer,
wireless data modem, MTC (machine type communication) device, or other
kinds of portable or stationary communication device.

Fig. 1 schematically illustrates an exemplary scenario in which a handover
may be controlled in accordance with the concepts as illustrated herein. In
particular, Fig. 1 shows a UE 100 and multiple base stations 110, 120, 130
of the wireless communication network. In the scenario of Fig. 1, the UE 100
is assumed to be connected to the base station 110, which may thus also
termed as the serving base station of the UE 100. In this state, the base
station 110 would responsible for handling transmission of user data to or
from the UE 100. In addition, the base station would also be responsible for
controlling the communication with the UE 100, e.g., by scheduling trans-
missions between the UE 100 and the wireless communication network or
by procedures related to mobility of the UE 100 within a coverage area of
the mobile communication network. One specific example of such proce-
dure is a handover (HO) of the UE 100 from the base station 110 to another
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base station. In such HO, the base station would be the source base station,
and the other base station would be the target base station. In the concepts
as described herein, it is assumed that the HO is controlled on the basis of
measurement of at least one UL signal transmitted by the UE 100. The UL
signal may be measured by the base station 110, i.e., the source base sta-
tion of the HO, and one or more other base stations which are suitable can-
didates to act as the target base station of the HO, such as one of the base
stations 120, 130. The UL signal may be an UL reference signal, and the
base station(s) may perform channel quality measurements on the UL ref-
erence signal. Based on the channel quality measurements performed on
the UL reference signal(s), the target base station of the HO may be se-
lected among the candidate base stations and the HO may be triggered.
However, it is also noted that in some situations, the base station 110 could
decide to refrain from executing the HO, e.g., because based on the channel
quality measurements on the UL reference signal the base station 110 is
found to be still the best choice for serving the UE 100. It is noted that as an
alternative or in addition to channel quality measurements, other types of
measurements may be used as well, e.g., measurements to detect the UL
signal transmitted by the UE 100. For example, the UL signal could include
a random access preamble or similar predefined signal sequence transmit-
ted by the UE 100, and the measurements by the base station(s) could in-

volve detection of this signal sequence.

For enabling the measurements on the UL signal(s), the base station 110
prepares the HO by sending a message to the UE 100 which indicates au-
thorization of the HO and instructs the UE 100 to start sending the UL sig-
nal(s) and also sends messages to the candidate base stations to instruct
the candidate base stations to measure the UL signal(s) and report the
measurements to the base station 110. Further, the base station 110 may
also decide to cancel authorization of the HO and send corresponding mes-
sages to the UE 100 and to the candidate base stations.
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Fig. 2 shows an example of processes which are based on the concepts as
outlined above. The processes of Fig. 2 involve the UE 100 and the base
stations 110, 120, 130. Specifically, the processes of Fig. 2 relate to control
of a HO from the base station 110, thus designated as source base station
(source BS), to one of the base stations 120, 130, thus designated as first
candidate base station (candidate BS 1) and second candidate base station
(candidate BS 2), respectively.

As illustrated by block 201, the UE 100 may initially perform measurements
on DL reference signals transmitted by the base stations 110, 120, 130.
These measurements may for example aim at evaluating a channel quality,
e.g., in terms of RSRP (Reference Signal Received Power) or RSRQ (Ref-
erence Signal Received Quality). In response to the measurements meeting
a certain trigger criterion, such as the measured channel quality for one of
the base stations 120, 130 becoming higher than the measured channel
quality for the base station 110, the UE 100 sends a measurement report
202 to the base station 110. Based on the measurement report 202, the
base station then decides to authorize a HO of the UE 100. In this HO, the
base station 110 is the source base station 110. However, rather than de-
termining a unique target base station of the HO, the base station 110
merely determines a set of candidate base stations, which may become the
target base station of the HO. This pre-selection may be performed on the
basis of the measurement report 202. However, other information may be
utilized in addition or as an alternative, such as information on a movement
state of the UE 100 (e.g., by considering the speed at which the UE 100
moves, its movement direction, or the like). In the example of Fig. 2, it is
assumed that the base stations 120, 130 are selected as the candidate base
stations.
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As further illustrated, the source base station 110 then prepares the candi-
date base stations 120, 130 for the HO. For the candidate base station 120,
this is accomplished by sending an HO preparation message 203 to the
candidate base station 120, and for the candidate base station 130, this is
accomplished by sending an HO preparation message 204 to the candidate
base station 130. The HO preparation message 203, 204 instructs the can-
didate base station 120, 130 to perform channel quality measurements on
an UL reference signal transmitted by the UE 100 and to report these chan-
nel quality measurements to the source base station 110. The HO prepara-
tion message 203, 204 may indicate the identity of the UE 100. Further, the
HO preparation message 203, 204 may indicate information on the UL ref-
erence signal to be measured, e.g., in terms of radio resources assigned for
transmission of the UL reference signal, e.g., in terms of subband, fre-
quency, or frequency hopping pattern, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal. The UL reference signal may
for example be based on a Zadoff-Chu sequence. Further, the HO prepara-
tion message 203, 204 may also indicate resources reserved for execution
of the HO, such as a random access preamble to be used by the UE 100
when accessing the cell of the target base station. Alternatively or in addi-
tion, the candidate base station 120, 130 may determine resources reserved
for the HO, such as a random access preamble to be used by the UE 100
when accessing the cell of the candidate base station 120, 130, and indicate
the reserved resources to the source base station 110, e.g., in a response
to the HO preparation message 203, 204, as illustrated by HO acknowl-
edgement messages 203’ and 204’.

As further illustrated, the source base station 110 sends an HO command
205 to the UE 100. This HO command 205 does not immediately trigger the
HO, but merely indicates authorization of the HO to the UE 100. Actual trig-
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gering of the HO may occur at a later time. Further, in some cases authori-
zation of the HO may be cancelled already before the HO is triggered. The
HO command 205 is thus sent before selecting the actual target base sta-
tion of the HO and before actually triggering the HO.

The HO command 205 instructs the UE 100 to send the UL reference signal.
The HO command 205 may indicate information on the UL reference signal
to be sent by the UE 100, e.g., in terms of the radio resources assigned for
transmission of the UL reference signal, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal, e.g., a specific Zadoff-Chu se-
quence. Further, the HO command 205 may also indicate resources re-
served for execution of the HO, such as a random access preamble to be

used by the UE 100 when accessing the cell of the target base station.

In response to receiving the HO command 205, the UE 100 proceeds by
sending the UL reference signal, as illustrated by 206. Here, it is noted that
the UE 100 may send one UL reference signal, which is receivable by the
source base station 110 and the candidate base stations 120, 130. How-
ever, it is also conceivable that the UE 100 sends different UL reference
signals to at least some of these base stations 110, 120, 130. The UL refer-
ence signal 206 is received by the base stations 110, 120, 130 and in each
case used for measuring a channel quality between the UE 100 and the
respective base station 110, 120, 130. For example, the channel quality
could be measured in terms of an RSRP or RSRQ.

As further illustrated, each of the candidate base stations 120, 130 then
sends a report of the measured channel quality to the source base station
110. Based on the measured channel qualities, the source base station 110

then controls the HO. As illustrated by block 209, this involves selection of
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a target base station on the candidate base stations 120, 130. In the exam-
ple of Fig. 2, it is assumed that the second candidate base station 130 is
selected as the target base station of the HO. Further, the source base sta-
tion 110 may decide based on the channel quality measurements whether
and when to actually trigger the HO. In the example of Fig. 2, it is assumed
that the source base station 110 triggers the HO to the selected target base
station by sending an HO trigger message 210 to the UE 100. The HO trig-
ger message 210 may indicate the selected target base station and instructs
the UE 100 to execute the HO by accessing the cell of the selected target
base station, as illustrated by 211. Having successfully gained access to the
cell of the selected target base station, the UE 100 may confirm execution
of the HO by sending an HO complete message 212 to its new serving base
station, in the illustrated example the base station 130. From then on, the
base station 130 will handle transmission of user data to or from the UE 100
and/or be responsible for controlling the communication with the UE 100.

Fig. 3 shows a further example of processes which are based on the con-
cepts as outlined above. The processes of Fig. 3 involve the UE 100 and
the base stations 110, 120, 130. Similar to the processes of Fig. 2, the pro-
cesses of Fig. 3 relate to control of a HO from the base station 110, thus
designated as source base station (source BS), to one of the base stations
120, 130, thus designated as first candidate base station (candidate BS 1)
and second candidate base station (candidate BS 2), respectively.

As illustrated by block 301, the UE 100 may initially perform measurements
on DL reference signals transmitted by the base stations 110, 120, 130.
These measurements may for example aim at evaluating a channel quality,
e.g., in terms of RSRP or RSRAQ. In response to the measurements meeting
a certain trigger criterion, such as the measured channel quality for one of
the base stations 120, 130 becoming higher than the measured channel
quality for the base station 110, the UE 100 sends a measurement report
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302 to the base station 110. Based on the measurement report 302, the
base station then decides to authorize a HO of the UE 100. In this HO, the
base station 110 is the source base station 110. Further, the base station
110 determines a set of candidate base stations, which may become the
target base station of the HO. This pre-selection may be performed on the
basis of the measurement report 302. However, other information may be
utilized in addition or as an alternative, such as information on a movement
state of the UE 100 (e.g., by considering the speed at which the UE 100
moves, its movement direction, or the like). In the example of Fig. 3, it is
assumed that the base stations 120, 130 are selected as the candidate base
stations.

As further illustrated, the source base station 110 then prepares the candi-
date base stations 120, 130 for the HO. For the candidate base station 120,
this is accomplished by sending an HO preparation message 303 to the
candidate base station 120, and for the candidate base station 130, this is
accomplished by sending an HO preparation message 304 to the candidate
base station 130. The HO preparation message 303, 304 instructs the can-
didate base station 120, 130 to perform channel quality measurements on
an UL reference signal transmitted by the UE 100 and to report these chan-
nel quality measurements to the source base station 110. The HO prepara-
tion message 303, 304 may indicate the identity of the UE 100. Further, the
HO preparation message 303, 304 may indicate information on the UL ref-
erence signal to be measured, e.g., in terms of radio resources assigned for
transmission of the UL reference signal, e.g., in terms of subband, fre-
quency, or frequency hopping pattern, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal. The UL reference signal may
for example be based on a Zadoff-Chu sequence. Further, the HO prepara-
tion message 303, 304 may also indicate resources reserved for execution
of the HO, such as a random access preamble to be used by the UE 100
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when accessing the cell of the target base station. Alternatively or in addi-
tion, the candidate base station 120, 130 may determine resources reserved
for the HO, such as a random access preamble to be used by the UE 100
when accessing the cell of the candidate base station 120, 130, and indicate
the reserved resources to the source base station 110, e.g., in a response
to the HO preparation message 303, 304, as illustrated by HO acknowl-
edgement messages 303’ and 304’.

As further illustrated, the source base station 110 sends an HO command
305 to the UE 100. This HO command 305 does not immediately trigger the
HO, but merely indicates authorization of the HO to the UE 100. Actual trig-
gering of the HO may occur at a later time. Further, in some cases authori-
zation of the HO may be cancelled already before the HO is triggered. The
HO command 305 is thus sent before selecting the actual target base sta-
tion of the HO and before actually triggering the HO.

The HO command 305 instructs the UE 100 to send the UL reference signal.
The HO command 305 may indicate information on the UL reference signal
to be sent by the UE 100, e.g., in terms of the radio resources assigned for
transmission of the UL reference signal, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal, e.g., a specific Zadoff-Chu se-
quence. Further, the HO command 305 may also indicate resources re-
served for execution of the HO, such as a random access preamble to be
used by the UE 100 when accessing the cell of the target base station.

In response to receiving the HO command 305, the UE 100 proceeds by
sending the UL reference signal, as illustrated by 306. Here, it is noted that
the UE 100 may send one UL reference signal, which is receivable by the
source base station 110 and the candidate base stations 120, 130. How-

ever, it is also conceivable that the UE 100 sends different UL reference
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signals to at least some of these base stations 110, 120, 130. The UL refer-
ence signal 306 is received by the base stations 110, 120, 130 and in each
case used for measuring a channel quality between the UE 100 and the
respective base station 110, 120, 130. For example, the channel quality
could be measured in terms of an RSRP or RSRQ.

As further illustrated, each of the candidate base stations 120, 130 then
sends a report of the measured channel quality to the source base station
110. Based on the measured channel qualities, the source base station 110
then controls the HO. As illustrated by block 309, this involves selection of
a target base station on the candidate base stations 120, 130. In the exam-
ple of Fig. 3, it is assumed that the first candidate base station 120 is se-
lected as the target base station of the HO. Further, the source base station
110 may decide based on the channel quality measurements whether and
when to actually trigger the HO. In the example of Fig. 3, it is assumed that
the UE 100 has already moved too far out of coverage of the source base
station 110, so that triggering of the HO directly via a radio link between the
source base station 110 and the UE 100 would be unreliable. The source
base station could for example detect the presence of such situation on the
basis of the channel quality measurements performed on the UL reference
signal. To achieve sufficient reliability, the source base station 110 triggers
the HO to the selected target base station by sending an HO trigger mes-
sage 310 to the selected target base station, i.e., to the base station 120.
The message 310 may at the same time inform the base station 120 that it
was selected as the target base station of the HO. The base station 120
then forwards the HO trigger message 311 to the UE 100. The HO trigger
message 310, 311 may indicate the selected target base station and in-
structs the UE 100 to execute the HO by accessing the cell of the selected
target base station, as illustrated by 312. Having successfully gained access

to the cell of the selected target base station, the UE 100 may confirm exe-
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cution of the HO by sending an HO complete message 313 to its new serv-
ing base station, in the illustrated example the base station 120. From then
on, the base station 120 will handle transmission of user data to or from the
UE 100 and/or be responsible for controlling the communication with the UE
100.

It is noted that the direct sending of the HO trigger message in the process
of Fig. 2 could also be combined with the indirect sending of the HO trigger
message in the process of Fig. 3, e.g., by performing the indirect sending of
the HO trigger message in addition to the direct sending of the HO trigger

message.

Fig. 4 shows a further example of processes which are based on the con-
cepts as outlined above. The processes of Fig. 4 involve the UE 100 and
the base stations 110, 120, 130. Similar to the processes of Figs. 2 and 3,
the processes of Fig. 4 relate to control of a HO from the base station 110,
thus designated as source base station (source BS), to one of the base
stations 120, 130, thus designated as first candidate base station (candidate
BS 1) and second candidate base station (candidate BS 2), respectively.

As illustrated by block 401, the UE 100 may initially perform measurements
on DL reference signals transmitted by the base stations 110, 120, 130.
These measurements may for example aim at evaluating a channel quality,
e.g., in terms of RSRP or RSRAQ. In response to the measurements meeting
a certain trigger criterion, such as the measured channel quality for one of
the base stations 120, 130 becoming higher than the measured channel
quality for the base station 110, the UE 100 sends a measurement report
402 to the base station 110. Based on the measurement report 402, the
base station then decides to authorize a HO of the UE 100. In this HO, the
base station 110 is the source base station 110. Further, the base station
110 determines a set of candidate base stations, which may become the
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target base station of the HO. This pre-selection may be performed on the
basis of the measurement report 402. However, other information may be
utilized in addition or as an alternative, such as information on a movement
state of the UE 100 (e.g., by considering the speed at which the UE 100
moves, its movement direction, or the like). In the example of Fig. 4, it is
assumed that the base stations 120, 130 are selected as the candidate base
stations.

As further illustrated, the source base station 110 then prepares the candi-
date base stations 120, 130 for the HO. For the candidate base station 120,
this is accomplished by sending an HO preparation message 403 to the
candidate base station 120, and for the candidate base station 130, this is
accomplished by sending an HO preparation message 404 to the candidate
base station 130. The HO preparation message 403, 404 instructs the can-
didate base station 120, 130 to perform channel quality measurements on
an UL reference signal transmitted by the UE 100 and to report these chan-
nel quality measurements to the source base station 110. The HO prepara-
tion message 403, 404 may indicate the identity of the UE 100. Further, the
HO preparation message 403, 404 may indicate information on the UL ref-
erence signal to be measured, e.g., in terms of radio resources assigned for
transmission of the UL reference signal, e.g., in terms of subband, fre-
quency, or frequency hopping pattern, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal. The UL reference signal may
for example be based on a Zadoff-Chu sequence. Further, the HO prepara-
tion message 403, 404 may also indicate resources reserved for execution
of the HO, such as a random access preamble to be used by the UE 100
when accessing the cell of the target base station. Alternatively or in addi-
tion, the candidate base station 120, 130 may determine resources reserved
for the HO, such as a random access preamble to be used by the UE 100
when accessing the cell of the candidate base station 120, 130, and indicate



WO 2018/127389 PCT/EP2017/083191

10

15

20

25

30

34

the reserved resources to the source base station 110, e.g., in a response
to the HO preparation message 403, 404, as illustrated by HO acknowl-
edgement messages 403’ and 404’.

As further illustrated, the source base station 110 sends an HO command
405 to the UE 100. This HO command 405 does not immediately trigger the
HO, but merely indicates authorization of the HO to the UE 100. Actual trig-
gering of the HO may occur at a later time. Further, in some cases authori-
zation of the HO may be cancelled already before the HO is triggered. The
HO command 405 is thus sent before selecting the actual target base sta-
tion of the HO and before actually triggering the HO.

The HO command 405 instructs the UE 100 to send the UL reference signal.
The HO command 405 may indicate information on the UL reference signal
to be sent by the UE 100, e.g., in terms of the radio resources assigned for
transmission of the UL reference signal, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal, e.g., a specific Zadoff-Chu se-
quence. Further, the HO command 405 may also indicate resources re-
served for execution of the HO, such as a random access preamble to be
used by the UE 100 when accessing the cell of the target base station.

In response to receiving the HO command 405, the UE 100 proceeds by
sending the UL reference signal, as illustrated by 406. Here, it is noted that
the UE 100 may send one UL reference signal, which is receivable by the
source base station 110 and the candidate base stations 120, 130. How-
ever, it is also conceivable that the UE 100 sends different UL reference
signals to at least some of these base stations 110, 120, 130. The UL refer-
ence signal 406 is received by the base stations 110, 120, 130 and in each

case used for measuring a channel quality between the UE 100 and the
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respective base station 110, 120, 130. For example, the channel quality

could be measured in terms of an RSRP or RSRQ.

As further illustrated, each of the candidate base stations 120, 130 then
sends a report of the measured channel quality to the source base station
110. Based on the measured channel qualities, the source base station 110
then controls the HO. In the example of Fig. 4, it is assumed that the source
base station 110 decides to cancel the HO, as illustrated by block 409. For
example, source base station 110 may take this decision because the
source base station 110 is found to be still the best choice for serving the
UE 100 and/or because the UE 100 is found to be substantially stationary.
The source base station 110 this proceeds by sending an HO cancellation
message 410 to the UE 100, by sending an HO cancellation message 411
to the candidate base station 120, and by sending an HO cancellation mes-
sage 412 to the candidate base station 130. In response to receiving the
HO cancellation message 410, the UE 100 stops sending the UL reference
signal and releases the resources reserved for execution of the HO. Accord-
ingly, a random access preamble assigned to the UE 100 for purposes of
executing the HO may then become available again. Similarly, the candi-
date base station 120, 130 stop measuring the UL reference signal release
the resources reserved for execution of the HO in response to receiving their
respective HO cancellation message 411, 412.

It is noted that in some scenarios releasing stopping of the transmission of
the UL reference signal, stopping the measuring of the UL reference signal,
and/or releasing of the resources reserved for execution of the HO could in
addition or alternatively be triggered by expiry of a timer. An example of
corresponding processes is illustrated in Fig. 5.

The processes of Fig. 5 involve the UE 100 and the base stations 110, 120,
130. Similar to the processes of Figs. 2, 3, and 4, the processes of Fig. 5
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relate to control of a HO from the base station 110, thus designated as
source base station (source BS), to one of the base stations 120, 130, thus
designated as first candidate base station (candidate BS 1) and second
candidate base station (candidate BS 2), respectively.

As illustrated by block 501, the UE 100 may initially perform measurements
on DL reference signals transmitted by the base stations 110, 120, 130.
These measurements may for example aim at evaluating a channel quality,
e.g., in terms of RSRP or RSRAQ. In response to the measurements meeting
a certain trigger criterion, such as the measured channel quality for one of
the base stations 120, 130 becoming higher than the measured channel
quality for the base station 110, the UE 100 sends a measurement report
502 to the base station 110. Based on the measurement report 502, the
base station then decides to authorize a HO of the UE 100. In this HO, the
base station 110 is the source base station 110. Further, the base station
110 determines a set of candidate base stations, which may become the
target base station of the HO. This pre-selection may be performed on the
basis of the measurement report 502. However, other information may be
utilized in addition or as an alternative, such as information on a movement
state of the UE 100 (e.g., by considering the speed at which the UE 100
moves, its movement direction, or the like). In the example of Fig. 5, it is
assumed that the base stations 120, 130 are selected as the candidate base
stations.

As further illustrated, the source base station 110 then prepares the candi-
date base stations 120, 130 for the HO. For the candidate base station 120,
this is accomplished by sending an HO preparation message 503 to the
candidate base station 120, and for the candidate base station 130, this is
accomplished by sending an HO preparation message 504 to the candidate
base station 130. The HO preparation message 503, 504 instructs the can-
didate base station 120, 130 to perform channel quality measurements on
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an UL reference signal transmitted by the UE 100 and to report these chan-
nel quality measurements to the source base station 110. The HO prepara-
tion message 503, 504 may indicate the identity of the UE 100. Further, the
HO preparation message 503, 504 may indicate information on the UL ref-
erence signal to be measured, e.g., in terms of radio resources assigned for
transmission of the UL reference signal, e.g., in terms of subband, fre-
quency, or frequency hopping pattern, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal. The UL reference signal may
for example be based on a Zadoff-Chu sequence. Further, the HO prepara-
tion message 503, 504 may also indicate resources reserved for execution
of the HO, such as a random access preamble to be used by the UE 100
when accessing the cell of the target base station. Alternatively or in addi-
tion, the candidate base station 120, 130 may determine resources reserved
for the HO, such as a random access preamble to be used by the UE 100
when accessing the cell of the candidate base station 120, 130, and indicate
the reserved resources to the source base station 110, e.g., in a response
to the HO preparation message 503, 504, as illustrated by HO acknowl-
edgement messages 503’ and 504’.

As further illustrated, the source base station 110 sends an HO command
505 to the UE 100. This HO command 505 does not immediately trigger the
HO, but merely indicates authorization of the HO to the UE 100. Actual trig-
gering of the HO may occur at a later time. Further, in some cases authori-
zation of the HO may be cancelled already before the HO is triggered. The
HO command 505 is thus sent before selecting the actual target base sta-
tion of the HO and before actually triggering the HO.

The HO command 505 instructs the UE 100 to send the UL reference signal.
The HO command 505 may indicate information on the UL reference signal
to be sent by the UE 100, e.g., in terms of the radio resources assigned for
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transmission of the UL reference signal, in terms of a repetition pattern for
transmission of the UL reference signal, or in terms of a UE specific se-
quence included in the UL reference signal, e.g., a specific Zadoff-Chu se-
quence. Further, the HO command 505 may also indicate resources re-
served for execution of the HO, such as a random access preamble to be

used by the UE 100 when accessing the cell of the target base station.

In response to transmission of the HO command 505 and preparation of the
candidate base stations 120, 130, a respective timer is started at the UE
100, the source base station 110, and each of the candidate base stations
120, 130, as indicated by block 506.

In response to receiving the HO command 505, the UE 100 also proceeds
by sending the UL reference signal, as illustrated by 507, 508, 509. Here, it
is noted that the UE 100 may send one UL reference signal, which is receiv-
able by the source base station 110 and the candidate base stations 120,
130. However, it is also conceivable that the UE 100 sends different UL
reference signals to at least some of these base stations 110, 120, 130. The
UL reference signal 507, 508, 509 is received by the base stations 110, 120,
130 and in each case used for measuring a channel quality between the UE
100 and the respective base station 110, 120, 130. For example, the chan-

nel quality could be measured in terms of an RSRP or RSRQ.

As further illustrated, each of the candidate base stations 120, 130 then
sends a report of the measured channel quality to the source base station
110. Based on the measured channel qualities, the source base station 110
then controls the HO. In the example of Fig. 5, it is assumed that the source
base station 110 does not decide to trigger the HO. Rather, as illustrated by
block 512, the timers started at the UE 100, the source base station 110,

and the candidate base stations 120, 130 expire, and in response to the
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expiry of the timers the HO is cancelled. The resources reserved for the HO

may then be released and used for other purposes.

In the case of the UE 100, the timer could be started upon receiving the HO
command 505. In the case of the candidate base stations 120, 130, the
timer could be started upon receiving the HO preparation message 503,
504. In the case of the source base station 110, the timer could be started
upon sending the HO command 505. The timers in the UE 100, the source
base station 110, and the candidate base stations 120, 130 may be coordi-
nated in various ways. For example, start values of the timers could be pre-
configured based on standardization or operator settings. Further, start val-
ues of the timers could be set by the base stations. For example, the start
values of the timers could be set by the source base station 110 and indi-
cated to the UE 100 in the HO command 505 and indicated to the candidate
base stations 120, 130 in the HO preparation message 503, 504. In some
cases the candidate base stations 120, 130 may be responsible for deter-
mining and managing some of the resources reserved for the HO. In this
case, the candidate base stations 120, 130 may also set the start value of
the timer and may also indicate the start value of the timer to the source
base station 110. If releasing of resources reserved for the HO is triggered
by expiry of a timer at the candidate base station 120, 130, the candidate
base station 120, 130 may also indicate this by sending a corresponding
message to the source base station 110. The source base station 110 may
then decide whether to cancel authorization of the HO and also indicate the
cancellation to the UE 100 and/or to other candidate base stations, similar
to the processes of Fig. 4. Accordingly, messages indicating cancellation of
the HO, e.g., like used in the example of Fig. 4, may also be used in combi-
nation with timers like in the example of Fig. 5. Further, it is noted that while
in the example of Fig. 5 a respective timer is started in the UE 100, the

source base station 110, and the candidate base stations 120, 130, modified
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processes could use a timer in only a subset of one or more of these de-
vices, and expiry of the timer and cancellation of the HO then be indicated

by messages to the other devices.

Further, the cancellation of the previously prepared HO could also be ac-
complished only in part, e.g., by removing a candidate base station from the
set of candidate base stations by adding a new candidate base station to
the set of candidate base stations. The HO cancellation messages could
then be used for conveying correspondingly updated information to the UE

100 and to the candidate base stations.

Further; it is noted that while in the examples of Figs. 2, 3, 4, and 5 meas-
urements performed by the source base station 110 and by each of the can-
didate base stations 120, 130 are used in combination for controlling the
HO, alternative processes may base the control on only some of these

measurements, e.g., a measurement by one of the candidate base stations.

Moreover, it is noted that cancellation of a previously authorized but not yet
executed HO as explained in connection with the examples of Fig. 4 and 5
is not only applicable in connection with control of the HO on the basis of
UL signals, but also in connection with other mechanisms of controlling the
HO. For example, rather than controlling the selection of the target base
station and/or triggering the HO on the basis of measurements on UL sig-
nals, the previously authorized HO could be controlled on the basis of meas-
urements on DL signals performed by the UE 100. For example, the UE 100
could measure DL reference signals from the source base station 110 and
from the candidate base stations 120, 130, and on the basis of these meas-
urements autonomously select the target base station of the HO and/or de-
cide whether and/or when to trigger the HO.
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Fig. 6 shows a flowchart illustrating a method of controlling communication
in a wireless communication network, by which a wireless communication
device, e.g., the above-mentioned UE 100, may implement concepts as de-
scribed above. Specifically, the method may be used for controlling an HO
of the wireless communication device from a source base station to a target
base station on the basis of at least one UL signal transmitted by the wire-
less communication device. The at least one UL signal may include at least
one UL reference signal and/or at least one random access preamble or
similar predefined signal sequence. In some scenarios, the HO may be con-
trolled on the basis of multiple UL signals transmitted by the wireless com-
munication device, e.g., cell-specific UL reference signals which differ from
base station to base station. If a processor based implementation of the
wireless communication device is utilized, at least a part of the steps of the
method may be performed and/or controlled by one or more processors of

the wireless communication device.

At step 610, the wireless communication device receives a message from a
base station, e.g., the base station 110. This base station may be the current
serving base station of the wireless communication device and thus corre-
spond to the source base station of the HO. In the following the base station
will thus also referred to as source base station. The message indicates
authorization of the HO of the wireless communication device from the
source base station to at least one candidate base station which is prepared
to act as the target base station of the HO, such as the above-mentioned
base stations 120, 130. In some scenarios, the message may indicate au-
thorization of the HO to a plurality of candidate base stations, from which
the target base station is then selected. An example of such message is the
above-mentioned message 205 or 305.
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In some scenarios, the wireless communication device performs measure-
ments, e.g., channel quality measurements, on DL reference signals re-
ceived from the source base station and the at least one candidate base
station and sends a report of the measurements to the source base station.
The wireless communication device may then receive the message of step
610 in response to the report sent to the source base station. However,
other criteria could be applied alternatively or in addition for initiating recep-
tion of the message of step 610.

The message of step 610 may indicate a configuration to be applied by the
wireless communication device for sending the at least one UL signal. For
example, the message of step 510 may indicate radio resources for sending
the at least one UL signal.

The message of step 610 may also indicate resources reserved for the HO.
For example, the message can indicate a signature sequence to be used
by the wireless communication device for a random access procedure for
accessing a cell of the target base station of the HO, e.g., a random access
preamble.

At step 620, the wireless communication device sends the at least one UL
signal. The sending of the at least one UL signal is performed in response
to the message received at step 610. The at least one UL signal is config-
ured to be usable for measurements by the source base station and/or the
at least one candidate base station, e.g., for channel quality measurements
or for measurements involving detection of the at least one UL signal. The
measurements based on the UL signal may then be used as a basis for
controlling the HO, e.g., by selecting the target base station of the HO on
the candidate base stations, or by determining whether or when to trigger
the HO.
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If the HO is triggered based on the measurements, the wireless communi-
cation device may receive a further message at step 630. An example of
such further message is the above-mentioned message 210 or 311. The
further message triggers the HO and may also indicate the candidate base
station, which based on the measurements was selected among multiple
candidate base stations as the target base station of the HO. The further
message may be received from the source base station. However, the fur-
ther message may be received from a candidate base station, e.g., the can-
didate base station selected as the target base station.

At step 640, the wireless communication device may then execute the HO
to the selected target base station, e.g., by accessing the cell of the target
base station based on information received in the message of step 610.

In some scenarios, the wireless communication device may start a timer
upon receiving the message of step 610. Upon expiry of the timer, the wire-
less communication device may stop sending of the UL signal. Upon expiry
of a timer started upon receiving the message of step 610, the wireless
communication device may also cancel the authorization of the HO and re-
lease resources reserved for the HO.

In some scenarios, the wireless communication device receives a further
message from the source base station. In response to receiving the further
message from the base station, the wireless communication device cancels
the authorization of the HO and releases resources reserved for the hand-
over. In response to receiving the further message from the source base
station, the wireless communication device may also stop the sending of the
UL signal. An example of such further message is the above-mentioned
message 410.
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Fig. 7 shows a flowchart illustrating a method of controlling communication
in a wireless communication network, by which a base station of the wire-
less communication network, e.g., the above-mentioned base station 110,
may implement concepts as described above. Specifically, the method may
be used for controlling the base station to operate as a source base station
of an HO of a wireless communication device, e.g., the above-mentioned
UE 100, to a target base station, and to control the HO on the basis of at
least one UL signal transmitted by the wireless communication device. The
at least one UL signal may include at least one UL reference signal and/or
at least one random access preamble or similar predefined signal se-
quence. The base station will in the following thus also be referred to as
source base station. In some scenarios, the HO may be controlled on the
basis of multiple UL signals transmitted by the wireless communication de-
vice, e.g., cell-specific UL reference signals which differ from base station
to base station. If a processor based implementation of the base station is
utilized, at least a part of the steps of the method may be performed and/or
controlled by one or more processors of the base station.

At step 710, the source base station may prepare candidate base stations
of the HO, such as the above-mentioned base stations 120, 130. This is
accomplished by sending a message to each candidate base station. The
message to the respective candidate base station prepares the candidate
base station to act as the target base station of the HO. Examples of such
messages are the above-mentioned messages 203, 204, 303, 304, 403,
and 404. For example, the message may indicate resources reserved for
execution of the HO, e.g., a signature applied by the wireless communica-
tion device in a random access procedure for accessing the cell of the target
base station. Further, the message to the respective candidate base station
may indicate an identity of the wireless communication device. Further, the
message to the respective candidate base station may indicate radio re-
sources for monitoring the at least one UL signal.
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In some scenarios, the wireless communication device performs channel
quality measurements on DL reference signals received from the source
base station and the candidate base stations and sends a report of the chan-
nel quality measurements to the source base station. The base station may
then select the candidate base stations on the basis of the reported channel

quality measurements.

At step 720, sends a message to the wireless communication device. The
message indicates authorization of the HO of the wireless communication
device from the source base station to one of a plurality of candidate base
stations which are prepared to act as the target base station of the HO, e.g.,
the candidate base stations prepared steps 710. Further, the message in-
structs the wireless communication device to send the at least one UL sig-
nal. An example of such message is the above-mentioned message 205 or
305.

In some scenarios, the wireless communication device performs channel
quality measurements on DL reference signals received from the source
base station and the candidate base stations and sends a report of the chan-
nel quality measurements to the source base station. The base station may
then send the message of step 720 in response to the report received from
the wireless communication device. However, other criteria could be apply

alternatively or in addition for initiating sending of the message of step 720.

The message of step 720 may indicate a configuration applied by the wire-
less communication device for sending the at least one UL signal. For ex-
ample, the message of step 720 may indicate radio resources for sending
the at least one UL signal.
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The message of step 720 may also indicate resources reserved for the HO.
For example, the message can indicate a signature sequence to be used
by the wireless communication device for a random access procedure for
accessing a cell of the target base station of the HO, e.g., a random access

preamble.

At step 730, the source base station obtains at least one measurement of
the UL signal. This involves that the source base station receives at least
one report of a measurement performed by at least one of the candidate
base stations on the at least one UL signal. Further, this may involve that
the source base station receives the UL signal from the wireless communi-
cation device and performs at least one measurement based on the re-

ceived UL signal.

At step 740, the source base station controls the HO based on the meas-
urements obtained at step 730. This may involve selecting one of the can-
didate base stations as the target base station of the handover based on
the obtained measurements. Further, this may involve deciding whether and
when to trigger the HO.

In some scenarios, the source base station sends a further message trig-
gering the handover and indicating the candidate base station, which based
on the obtained measurements was selected as the target base station of
the HO. The source base station may send the further message directly to
the wireless communication device, such as in the exemplary processes of
Fig. 2. However, the source base station may also send the further message
via one of the candidate base stations, e.g., such as in the exemplary pro-

cesses of Fig. 3.

In some scenarios, the source base station may start a timer upon sending

the message of step 720 to the wireless communication device. Upon expiry
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of the timer, the base station may cancel the authorization of the HO and

releases the resources reserved for execution of the HO.

In some scenarios, the source base station may send a further message to
the wireless communication device. The further message to the wireless
communication device may indicate cancellation of the authorization of the
HO and instruct the wireless communication device to release the resources
reserved for the HO. An example of such further message is the above-
mentioned message 410.

In some scenarios, the source base station may send a further message to
the wireless communication device. The further message to the wireless
communication device may indicate cancellation of the authorization of the
HO and instruct the wireless communication device to stop the sending of
the UL signal. An example of such further message is the above-mentioned
message 410.

In some scenarios, the source base station may send a further message to
each of the candidate base stations. The further message to the respective
candidate base station may indicate cancellation of the authorization of the
HO and instructs the candidate base station to release the resources re-
served for the HO. The above-mentioned messages 411 and 412 are ex-

amples of such further messages.

Fig. 8 shows a flowchart illustrating a method of controlling communication
in a wireless communication network, by which a base station of the wire-
less communication network, e.g., the above-mentioned base station 120
or 130 may implement concepts as described above. Specifically, the
method may be used for controlling an HO of a wireless communication
device, such as the above-mentioned UE 100, from a source base station
to a target base station, specifically to control the HO on the basis of at least
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one UL signal transmitted by the wireless communication device. The at
least one UL signal may include at least one UL reference signal and/or at
least one random access preamble or similar predefined signal sequence.
The method may be used for controlling the base station to operate as a
candidate base station which may be selected as a target base station of
the HO. The base station will in the following thus also be referred to as
candidate base station. In some scenarios, the HO may be controlled on the
basis of multiple UL signals transmitted by the wireless communication de-
vice, e.g., cell-specific UL reference signals which differ from base station
to base station. If a processor based implementation of the base station is
utilized, at least a part of the steps of the method may be performed and/or
controlled by one or more processors of the base station.

At step 810, the candidate base station receives a message preparing the
candidate base station to act as a target base station of the HO of the wire-
less communication device from the source base station. Examples of such
messages are the above-mentioned messages 203, 204, 303, 304, 403,
and 404. For example, the message may indicate resources reserved for
execution of the HO, e.g., a signature applied by the wireless communica-
tion device in a random access procedure for accessing the cell of the target
base station. Further, the message to the respective candidate base station
may indicate an identity of the wireless communication device. Further, the
message to the respective candidate base station may indicate radio re-
sources for monitoring the at least one UL signal.

At step 820, the candidate base station receives the at least one UL signal
from the wireless communication device and performs measurements
based on the received UL signal, e.g., channel quality measurements. This
is accomplished in response to receiving the message of step 810 and may

utilize information provided in the message of step 810.
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At step 830, the candidate base station sends a report of the measurements
to the source base station. Examples of such report are the above-men-
tioned reports 208, 208, 307, 308, 407, 408, 507, and 508. The measure-
ments may then be used by the source base station as a basis for controlling
the HO. For example, the source base station may decide on the basis of
the measurements whether and when to trigger the HO. Further, the source
base station may select the target base station of the HO based on the

measurements.

In some scenarios, if the source base station selects the candidate base
station as the target base station of the HO and decides to trigger the HO,
the candidate base station may assist in triggering the HO by sending a
message to the wireless communication device. The message to the wire-
less communication device may trigger the HO: Further, the message may
indicate that the candidate base station was selected as the target base
station of the HO. The sending of the message to the wireless communica-
tion device may be instructed by the source base station, or the candidate
base station may receive the message from the source base station and
then forward it to the wireless communication device. The candidate base
station may send the message directly via a radio link connecting the wire-

less communication device to the source base station.

In some scenarios, the candidate base station receives a further message
from the source base station. The further message from the source base
station indicates cancellation of the authorization of the HO and instructs
the candidate base station to release resources reserved for the HO. In re-
sponse to receiving the further message, the candidate base station may
release the resources reserved for the HO and stop monitoring the UL ref-

erence signal.
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At step 840, if the source base station selects the candidate base station as
the target base station of the HO and decides to trigger the HO, the candi-
date base station may then continue to operate as the target base station
of the HO. This may for example involve performing a random access pro-
cedure with the wireless communication device so as to allow access of the

wireless communication device to the cell of the target base station.

Fig. 9 shows a block diagram for schematically illustrating a processor
based implementation of a wireless communication device which may be
utilized for implementing the above concepts. The wireless communication
device may for example correspond to a UE, such as above-mentioned UE
100.

As illustrated, the wireless communication device includes a radio interface
910. The wireless communication device may utilize the radio interface 910
for connecting to a wireless communication network, e.g., through a base
station of the wireless communication network, such as one of the base
stations 110, 120, 130. Further, the wireless communication device may uti-
lize the radio interface 910 for sending the above-mentioned UL signal(s).

Further, the wireless communication device is provided with one or more
processors 940 and a memory 950. The radio interface 910, and the
memory 950 are coupled to the processor(s) 940, e.g., using one or more

internal bus systems of the wireless communication device.

The memory 950 includes program code modules 960, 970 with program
code to be executed by the processor(s) 940. In the illustrated example,
these program code modules include a radio control module 960 and an HO
control module 970.
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The radio control module 960 may implement and control functionalities of
establishing, maintaining, releasing, and utilizing a radio connection via the
radio interface 910. The HO control module 970 may implement the above-
described functionalities of supporting control of the HO by sending the UL
signal(s) and/or the above-described functionalities of cancelling an author-

ized but not executed HO.

It is to be understood that the structures as illustrated in Fig. 9 are merely
exemplary and that the wireless communication device may also include
other elements which have not been illustrated, e.g., structures or program
code modules for implementing known functionalities of a UE or other type

of wireless communication device.

Fig. 10 shows a block diagram for schematically illustrating a processor
based implementation of a base station of a wireless communication net-
work which may be utilized for implementing the above concepts, e.g., of

the above-mentioned base station 110, 120, 130.

As illustrated, the base station includes a radio interface 1010. The base
station may utilize the radio interface 1010 for connecting to a wireless com-
munication device, such as the above-mentioned UE 100. Further, the base
station may utilize the radio interface 1010 for receiving the UL signal(s). As
further illustrated, the base station is provided with a network interface 1020,
which may be used for connecting to other nodes of the wireless communi-
cation network, e.g., to other base stations or to core network nodes.

Further, the base station is provided with one or more processors 1040 and
a memory 1050. The radio interface 1010, and the memory 1050 are cou-
pled to the processor(s) 1040, e.g., using one or more internal bus systems

of the base station.
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The memory 1050 includes program code modules 1060, 1070 with pro-
gram code to be executed by the processor(s) 1040. In the illustrated ex-
ample, these program code modules include a radio control module 960,

and a measurement management module 1070.

The radio control module 1060 may implement and control functionalities of
establishing, maintaining, releasing, and utilizing a radio connection via the
radio interface 1010. The HO control module 1070 may implement the
above-described functionalities of controlling the HO as the source base
station, e.g., as explained in connection with Fig. 7, or functionalities of sup-
porting control of the HO as the candidate base station, e.g., as explained
in connection with Fig. 8. In this connection, it is noted that in typical sce-
narios the base station would be configured to be operable both as the

source node of an HO and a potential target node of an HO.

It is to be understood that the structures as illustrated in Fig. 10 are merely
exemplary and that the base station may also include other elements which
have not been illustrated, e.g., structures or program code modules for im-

plementing known functionalities of a base station.

It is to be understood that the concepts as explained above are susceptible
to various modifications. For example, the concepts could be applied in con-
nection with various kinds of radio technologies and radio devices, without
limitation the LTE radio technology or NR technology. Further, it is noted
that the concepts may be applied in connection with various numbers of
candidate base stations. Further, it is noted that the above-described can-
cellation of the authorization of the HO, using messages and/or timers, and
associated releasing of resources reserved for the HO may also be used
independently of the UL signal based control of the HO. In the latter case,
the sending of the UL signal(s) as well as the measurements of the UL sig-
nals and reporting thereof could be omitted.
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CLAIMS

1. A method of controlling communication in a wireless communication
network, the method comprising:

5 - a wireless communication device (100) receiving a message from a
base station (110), the message from the base station (110) indicat-
ing authorization of a handover of the wireless communication device
(100) from the base station (110) to at least one candidate base sta-
tion (120, 130) which is prepared to act as a target base station of

10 the handover; and
- in response to the message, the wireless communication device
(100) sending at least one uplink signal for measurement by at least
one candidate base station (120, 130).

15 2. The method according to claim 1, comprising:
- the wireless communication device (100) receiving a further mes-

sage triggering the handover.

3. The method according to claim 2,
20 wherein a plurality of candidate base stations (120, 130) are prepared
to act as the target base station of the handover,
wherein the further message indicates the candidate base station
(120, 130) which based on the measurement was selected as the

target base station of the handover.

25
4. The method according to any one of the preceding claims,
wherein the message from the base station (110) indicates a config-
uration to be applied by the wireless communication device (100) for
sending the at least one uplink signal.
30

5. The method according to claim 4,
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wherein the message from the base station (110) indicates radio re-

sources for sending the at least one uplink signal.

The method according to any one of the preceding claims,
wherein the message from the base station (110) further indicates

resources reserved for the handover.

The method according to any one of the preceding claims, compris-
ing:

- the wireless communication device (100) starting a timer upon re-
ceiving the message from the base station (110); and

- upon expiry of the timer, the wireless communication device (100)
stopping sending of the at least one uplink signal.

The method according to any one of the preceding claims, compris-
ing:

- the wireless communication device (100) starting a timer upon re-
ceiving the message from the base station (110); and

- upon expiry of the timer, the wireless communication device (100)
cancelling the authorization of the handover and releasing resources
reserved for the handover.

The method according to any one of the preceding claims, compris-

ing:

- in response to receiving a further message from the base station
(110), the wireless communication device (100) cancelling the au-
thorization of the handover and releasing resources reserved for the
handover.
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The method according to any one of the preceding claims, compris-

ing:

in response to receiving a further message from the base station
(110), the wireless communication device (100) stopping the sending

of the at least one uplink signal.

The method according to any one of the preceding claims, compris-
ing:

- the wireless communication device (100) performing measure-
ments on downlink reference signals received from the base station
(110) and the at least one candidate base station (120, 130);

- the wireless communication device (100) sending a report of the
measurements to the base station (110); and

- the wireless communication device (100) receiving the message
from the base station (110) in response to the report sent to the base
station (110).

A method of controlling communication in a wireless communication
network, the method comprising:

- a wireless communication device (100) receiving a message from a
base station (110), the message from the base station (110) indicat-
ing authorization of a handover of the wireless communication device
(100) from the base station (110) to at least one candidate base sta-
tion (120, 130) which is prepared to act as a target base station of
the handover;

- the wireless communication device (100) starting a timer upon re-
ceiving the message from the base station (110), and upon expiry of
the timer, the wireless communication device (100) cancelling the au-
thorization of the handover and releasing resources reserved for the
handover; and/or
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- in response to receiving a further message from the base station
(110), the wireless communication device (100) cancelling the au-
thorization of the handover and releasing resources reserved for the
handover.

A method of controlling communication in a wireless communication
network, the method comprising:

- a base station (110) sending a message to a wireless communica-
tion device (100), the message indicating authorization of a handover
of the wireless communication device (100) from the base station
(110) to at least one candidate base station (120, 130) which is pre-
pared to act as a target base station of the handover, and instructing
the wireless communication device (100) to send at least one uplink
signal;

- the base station (110) receiving at least one report of a measure-
ment performed by the at least one candidate base station (120; 130)
on the at least one uplink signal; and

- based on the at least one measurement, the base station (110) con-
trolling the handover.

The method according to claim 13, comprising:

wherein a plurality of candidate base stations (120, 130) are prepared
to act as the target base station of the handover, and

wherein based on the measurements, the base station (110) selects
one of the candidate base stations (120, 130) as the target base sta-

tion of the handover.

The method according to claim 13 or 14, comprising:
- the base station (110) sending a further message triggering the

handover.
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The method according to claims 14 and 15,

wherein the further message indicates the candidate base station
(120, 130) which based on the measurements was selected as the
target base station of the handover.

The method according to any one of claims 13 to 16,

wherein the message to the wireless communication device (100) in-
dicates a configuration to be applied by the wireless communication
device (100) for sending the at least one uplink signal.

The method according to claim 17,
wherein the message to the wireless communication device (100) in-

dicates radio resources for sending the at least one uplink signal.

The method according to any one of claims 13 to 18,
wherein the message to the wireless communication device (100) in-

dicates resources reserved for execution of the handover.

The method according to any one of claims 13 to 19, comprising:

- the base station (110) starting a timer upon sending the message
to the wireless communication device (100); and

- upon expiry of the timer, the base station (110) cancelling the au-
thorization of the handover and releasing resources reserved for ex-

ecution of the handover.

The method according to any one of claims 13 to 20, comprising:

- the base station (110) sending a further message to the wireless
communication device (100), the further message to the wireless
communication device (100) indicating cancellation of the authoriza-
tion of the handover and instructing the wireless communication de-

vice (100) to release resources reserved for the handover.
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The method according to any one of claims 13 to 21, comprising:

- the base station (110) sending a further message to the wireless
communication device (100), the further message to the wireless
communication device (100) instructing the wireless communication

device (100) to stop the sending of the at least one uplink signal.

The method according to any one of claims 12 to 22, comprising:

- the base station (110) sending a message to the at least one can-
didate base station (120, 130), the message to the at least one can-
didate base station (120, 130) preparing the at least one candidate
base station (110) to act as the target base station of the handover.

The method according to claim 23,
wherein the message to the at least one candidate base station (120,
130) indicates radio resources for monitoring the at least one uplink

signal.

The method according to claim 23 or 24,
wherein the message to the at least one candidate base station (120,
130) indicates resources reserved for execution of the handover.

The method according to any one of claims 13 to 25, comprising:

- the base station (110) sending a further message to the at least one
candidate base station (120, 130), the further message to the at least
one candidate base station (120, 130) indicating cancellation of the
authorization of the handover and instructing the at least one candi-
date base station (120, 130) to release resources reserved for the
handover.

The method according to any claims 12 to 26, comprising:
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- the base station (110) receiving a report of measurements from the
wireless communication device (100), the measurements being per-
formed by the wireless communication device (100) on downlink ref-
erence signals received from the base station (110) and the at least
one candidate base station (120, 130); and

- the base station (110) sending the message to the wireless com-
munication device (100) in response to the report of the measure-
ments performed by the wireless communication device (100).

A method of controlling communication in a wireless communication
network, the method comprising:

- a base station (110) sending a message to a wireless communica-
tion device (100), the message indicating authorization of a handover
of the wireless communication device (100) from the base station
(110) to at least one candidate base station (120, 130) which is pre-
pared to act as a target base station of the handover;

- the base station (110) starting a timer upon sending the message
to the wireless communication device (100), and upon expiry of the
timer, the base station (110) cancelling the authorization of the hand-
over and releasing resources reserved for execution of the handover;
and/or

- the base station (110) sending a further message to the wireless
communication device (100) and/or to the at least one candidate
base station (120, 130), the further message indicating cancellation
of the authorization of the handover and instructing release of re-

sources reserved for the handover.

A method of controlling communication in a wireless communication
network, the method comprising:

- a base station (120, 130) receiving a message preparing the base
station (120, 130) to act as a target base station of a handover of a
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wireless communication device (100) from another base station
(110);

- in response to the message, the base station (120, 130) receiving
at least one uplink signal from the wireless communication device
(100) and performing measurements based on the received at least
one uplink signal; and

- the base station (120, 130) sending a report of the measurements
to the other base station (110).

The method according to claim 29, comprising:
- the base station (110) sending a message triggering the handover

to the wireless communication device (100).

The method according to claim 30,

wherein a plurality of candidate base stations (120, 130) are prepared
to act as the target base station of the handover, and

wherein the message triggering the handover indicates that the base
station (120, 130) was, based on the measurements, selected among
the plurality of candidate base stations (120, 130) as the target base
station of the handover.

The method according to any one of claims 29 to 31,
wherein the message indicates radio resources for monitoring the at

least one uplink signal.
The method according to any one of claims 29 to 32,
wherein the message indicates resources reserved for execution of

the handover.

The method according to any one of claims 29 to 33, comprising:
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- the base station (120, 130) starting a timer upon receiving the mes-
sage preparing the base station (120, 130); and

- upon expiry of the timer, the base station (120, 130) cancelling au-
thorization of the handover and releasing resources reserved for ex-

ecution of the handover.

The method according to any one of claims 29 to 34, comprising:
- in response to receiving a further message, the base station (120,
130) cancelling authorization of the handover and releasing re-

sources reserved for the handover.

A method of controlling communication in a wireless communication
network, the method comprising:

- a base station (120, 130) receiving a message preparing the base
station (120, 130) to act as a target base station of a handover of a
wireless communication device (100) from another base station
(110);

- the base station (120, 130) starting a timer upon receiving the mes-
sage preparing the base station (120, 130), and upon expiry of the
timer, the base station (120, 130) cancelling authorization of the
handover and releasing resources reserved for execution of the
handover; and/or

- in response to receiving a further message, the base station (120,
130) cancelling authorization of the handover and releasing re-

sources reserved for the handover.

A wireless communication device (100), comprising:
a radio interface (910) for connecting to a wireless communication
network; and

one or more processors (940) configured to:
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- receive via the radio interface (910) a message from a base station
(110), the message from the base station (110) indicating authoriza-
tion of a handover of the wireless communication device (100) from
the base station (110) to at least one candidate base station (120,
130) which is prepared to act as a target base station of the hando-
ver; and

- in response to the message from the base station (110), send via
the radio interface (910) at least one uplink signal for measurements
by the at least one candidate base station (120, 130).

The wireless communication device (100) according to claim 37,
wherein the one or more processors (940) are configured to perform
the steps of a method according to any one of claims 1 to 11.

A base station (110) for a wireless communication network, the base
station (110) comprising:

a radio interface (1010) for connecting to a wireless communication
device (100)

a network interface (1020) to other nodes of the wireless communi-
cation network; and

one or more processors (1040) configured to:

- via the radio interface (1010), send a message to a wireless com-
munication device (100), the message indicating authorization of a
handover of the wireless communication device (100) from the base
station (110) to at least one candidate base station (120, 130), which
is prepared to act as a target base station of the handover, and in-
structing the wireless communication device (100) to send at least
one uplink signal;

- via the network interface (920), receive reports of measurements
performed by the candidate base stations (120; 130) on the at least
one uplink signal; and
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- control the handover based on the measurements.

The base station (110) according to claim 39,
wherein the one or more processors (1040) are configured to perform
the steps of a method according to any one of claims 13 to 27.

A base station (120, 130) for a wireless communication network, the
base station (120, 130) comprising:

a radio interface (1010) for connecting to a wireless communication
device (100)

a network interface (1020) to other nodes of the wireless communi-
cation network; and

one or more processors (1040) configured to:

- via the network interface (1020), receive a message preparing the
base station (120, 130) to act as a target base station of a handover
of a wireless communication device (100) from another base station
(110);

- in response to the message, receive via the radio interface (1010)
at least one uplink signal from the wireless communication device
(100) and perform measurements based on the received at least one
uplink signal; and

- via the network interface (1020) send a report of the measurements
to the other base station (110).

The base station (110) according to claim 41,
wherein the one or more processors (1040) are configured to perform
the steps of a method according to any one of claims 29 to 35.

A wireless communication device (100), comprising:
a radio interface (910) for connecting to a wireless communication

network; and
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one or more processors (940) configured to:

- receive via the radio interface (910) a message from a base station
(110), the message from the base station (110) indicating authoriza-
tion of a handover of the wireless communication device (100) from
the base station (110) to at least one candidate base station (120,
130) which is prepared to act as a target base station of the hando-
ver;

start a timer upon receiving the message from the base station (110),
and upon expiry of the timer, cancel the authorization of the handover
and release resources reserved for the handover; and/or

- in response to receiving a further message via the radio interface
(910) from the base station (110), cancel the authorization of the

handover and release resources reserved for the handover.

A base station (110) for a wireless communication network, the base
station (110) comprising:

a radio interface (1010) for connecting to a wireless communication
device (100)

a network interface (1020) to other nodes of the wireless communi-
cation network; and

one or more processors (1040) configured to:

- via the radio interface (1010), send a message to a wireless com-
munication device (100), the message indicating authorization of a
handover of the wireless communication device (100) from the base
station (110) to at least one candidate base station (120, 130), which
is prepared to act as a target base station of the handover;

- start a timer upon sending the message to the wireless communi-
cation device (100), and upon expiry of the timer cancel the authori-
zation of the handover and release resources reserved for execution

of the handover; and/or



WO 2018/127389 PCT/EP2017/083191

10

15

20

25

45.

46.

65

- send a further message to the wireless communication device (100)
and/or to the at least one candidate base station (120, 130), the fur-
ther message indicating cancellation of the authorization of the hand-

over and instructing release of resources reserved for the handover.

A base station (120, 130) for a wireless communication network, the
base station (120, 130) comprising:

a radio interface (1010) for connecting to a wireless communication
device (100)

a network interface (1020) to other nodes of the wireless communi-
cation network; and

one or more processors (1040) configured to:

- via the network interface (1020), receive a message preparing the
base station (120, 130) to act as a target base station of a handover
of a wireless communication device (100) from another base station
(110);

- start a timer upon receiving the message preparing the base station
(120, 130), and upon expiry of the timer, cancel authorization of the
handover and release resources reserved for execution of the hand-
over; and/or

- in response to receiving a further message, cancel authorization of

the handover and releasing resources reserved for the handover.

A system, comprising:

a wireless communication device (100) configured to operate accord-
ing to a method according to any one of claims 1 to 12,

a base station (110) configured to act as a source base station of the
handover and operate according to a method according to any one
of claims 13 to 28, and
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at least one base station (120, 130) configured to act as the at least
one candidate base station and operate according to a method ac-
cording to any one of claims 29 to 36.
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3. |:| Claims Nos.:
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-11, 13-27, 29-35, 37-42(completely); 46(partially)

Wireless communication device, a source base station and a
candidate base station, methods there-of a system there-of,
where-in

a. at least one candidate base station receives a message
from the source base station preparing the at Teast one
candidate base station to act as a target base station of a
handover of the wireless device;

b. the source base station sends a message to the wireless
communication device indicating authorization of the
handover to the at least one candidate base station;

c. the source base station instructs the wireless
communication device to send at least one uplink signal;

d. in response to the message of (b), the wireless device
sends at least one uplink signal for measurement by the at
least one candidate base station;

e. in response to the message of (a), the at least one
candidate base station receives at least one uplink signal
from the wireless communication device;

f. the at least one candidate base station receives at Teast
one uplink signal from the wireless communication device;

g. the at least one candidate base station performs
measurements based on the at least one uplink signal;

h. the at least one candidate base station sends a report of
the measurements to the source base station;

i. based on the at least one measurement, the source base
station controls the handover.

2. claims: 12, 28, 36, 43-46(all partially)
(based on the timer)

Wireless communication device, a source base station and a
candidate base station, methods there-of a system there-of,
according to above features (a), (b) and, moreover,

j. upon the transmission/reception of (a) or (b), the
wireless communication device or the source base station or
the at Teast one candidate base station starts a timer upon
receiving the message in (b), and upon the expiry of the
timer of (j), cancels the authorization of the handover and
releases resources reserved for execution of the handover.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

3. claims: 12, 28, 36, 43-46(all partially)

(based on the message indicating cancellation and optionally
on timer)

Wireless communication device, a source base station and a
candidate base station, methods there-of a system there-of
according to above features (a), (b) and

k. the source base station sends a further message to the
wireless communication device and/or the at Teast one
candidate base station, the further message indicating
cancellation of the authorization of the handover and
instructing release of resources reserved for the handover;

1. upon receiving the message of (k), the wireless
communication device and/or the at least one candidate base
station cancels the authorization of the handover and
releases resources reserved for execution of the handover.

Optional features include feature (j).
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